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Abstract
This dissertation examines business cycles in Sweden, and the patterns in and driving forces of short- and long-term
movements in unemployment in a selection of high-income countries throughout the 20th century. While this has been
studied numerous times before, this dissertation starts from the point of view that there is no consensus in social science
on how to understand these phenomena. This study consists of an introductory chapter and four related but self-contained
papers. One contribution of this thesis is the use of temporal disaggregation methods to estimate more detailed time series
on gross domestic product (GDP) and unemployment. New quarterly estimates of GDP are then used, with the help of the
Bry-Boschan algorithm, to reconstruct the Swedish business cycle in the period 1913–2014. This identifies a number of
new patterns not visible in the annual data. A second contribution is different analyses of the extent to which unemployment
can be explained by macroeconomic indicators such as GDP growth, capital formation and productivity. Different methods,
such as band spectrum regression and wavelet analysis, are used to capture longer-term effects. Numerous results are
presented that indicate that macroeconomic performance, notably capital formation, can have medium- to long-term effects
on unemployment. This is in line with theoretical models on equilibrium unemployment that take account of the possibility
of persistence in the return to long-run equilibrium, or models that comprise more than one unemployment equilibria. While
this is not unknown in previous research, it contradicts several highly influential versions of equilibrium unemployment
models, as well as a great body of research on the subject. These contributions have several important implications for
future research. Historical chronologies should take account of the possibility that data of higher or lower frequency may
lead to important differences in results. Empirical and theoretical research on labor markets should continue to investigate
more deeply the possibility that unanticipated short-term events can have long-term effects on labor market outcomes.

Keywords: business cycles, Okun’s law, unemployment, capital formation, temporal disaggregation, band spectrum
regression, wavelet analysis.

Stockholm 2020
http://urn.kb.se/resolve?urn=urn:nbn:se:su:diva-177231

ISBN 978-91-7797-821-3
ISBN 978-91-7797-822-0

Department of Economic History and International
Relations

Stockholm University, 106 91 Stockholm





EMPIRICAL ESSAYS ON UNEMPLOYMENT AND BUSINESS
CYCLES
 

Erik Hegelund





Empirical essays on
unemployment and business
cycles
 

Erik Hegelund



©Erik Hegelund, Stockholm University 2020
 
ISBN print  978-91-7797-821-3
ISBN PDF 978-91-7797-822-0
 
Printed in Sweden by Universitetsservice US-AB, Stockholm 2020



Introduction

Erik Hegelund

22nd January 2020

Contents

1 Aim and purpose 2

2 Background and earlier research 3

2.1 Growth and labour markets in the 20th and 21st centuries . . . . 3
2.2 Theoretical background . . . . . . . . . . . . . . . . . . . . . . . 7

2.2.1 What do we know about business cycles? . . . . . . . . . 7
2.2.2 What do we know about unemployment? . . . . . . . . . 11

3 Data and source criticism 14

3.1 Data overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.2 Source criticism . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4 Methods 18

4.1 Estimating series of higher frequency . . . . . . . . . . . . . . . . 19
4.2 Analysis on one country across time . . . . . . . . . . . . . . . . 19
4.3 Analysis on many countries across time . . . . . . . . . . . . . . 21
4.4 Band spectrum regression and wavelet analysis . . . . . . . . . . 21
4.5 Caveats regarding causality . . . . . . . . . . . . . . . . . . . . . 23

5 Summary of the papers 24

5.1 Similarities and di�erences in the papers . . . . . . . . . . . . . . 27

6 Concluding remarks 28

6.1 General conclusions from the papers . . . . . . . . . . . . . . . . 28
6.2 Future research . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

6.2.1 Unemployment theory . . . . . . . . . . . . . . . . . . . . 29
6.2.2 Analysis of unique historical processes could bene�t from

theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
6.2.3 The need for more data on national accounts . . . . . . . 31
6.2.4 The need for more data on labour market institutions . . 31

1



1 Aim and purpose

This dissertation presents four essays on the subject of macroeconomic trends
and �uctuations in economic activity and unemployment. This introductory
chapter frames the empirical and theoretical background to these studies, de-
scribes the similarities and di�erences among the papers and provides a sum-
mary of the key issues and �ndings.

The overarching aim of this thesis is to investigate the patterns in and driv-
ing forces of short- and long-term movements in macroeconomic activity. The
�rst contribution consists of new estimates of gross domestic product (GDP)
and unemployment data for Sweden, and the annual unemployment rates of
nine other countries. The second contribution is to interrogate the relation-
ships between aggregate unemployment and economic activity and policy, as
suggested by various theories and earlier research.

Two papers focus on Sweden since the early 1900s (papers 1 and 2), while
two papers use data on 101 (paper 4) and 352 (paper 3) high-income countries,
respectively. The empirical analyses focus on macroeconomic business cycle
�uctuations (paper 1), and the correlation between unemployment and economic
activity (papers 2�4).

The aims for the four papers are set out below:

1. The Business Cycle in Historical Perspective: Reconstructing Quarterly
Data on Swedish GDP, 1913�2014. The purpose of the �rst paper is
to demonstrate how temporal disaggregation can be used to reconstruct
new estimates of quarterly GDP for 1913�2014, and to construct a new
chronology of the Swedish business cycle using this new data.

2. Testing Okun's law on di�erent frequencies: Reconstructing monthly un-
employment and GDP for Sweden 1913�2014. The purpose of the second
paper is to investigate Okun's law, the correlation between GDP and un-
employment, using data on Sweden for the period 1913�2014, across time
and di�erent frequencies, including new estimates of monthly GDP and
unemployment.

3. Can capital formation explain why unemployment has increased since the
1970s in the OECD countries? The purpose of the third paper is to invest-
igate to what extent the development of unemployment in 35 countries, all
members of the Organisation for Economic Co-operation and Development
(OECD), in 1961�2017 may be explained by capital formation.

4. What determines unemployment in the long run? Band spectrum regres-
sion on ten countries 1913�2016. The purpose of the fourth paper is to

1Australia, Belgium, Canada, Denmark, Finland, Netherlands, Norway, Sweden, the UK
and the USA

2Australia, Austria, Belgium, Bulgaria, Canada, Croatia, Cyprus, Czech Republic, Den-
mark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, New Zealand, Norway, Poland, Portugal, Ro-
mania, Slovakia, Slovenia, Spain, Sweden, Switzerland, the UK and the USA.
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examine the extent to which unemployment in 10 countries in 1913�2016
can be explained by macroeconomic conditions, such as GDP, capital form-
ation and productivity, and separate the short- to long-run e�ects, using
wavelet analysis and band-spectrum regression models.

Economic activity, production, and employment are possibly among the most
studied phenomena in the social sciences, and the ideas applied by researchers
today can be traced, albeit in a di�erent institutional context than the modern
economy, back to at least the 1700s in texts by Smith (2009, originally 1776) and
Chydenius (1931, orginally 1765), or even the 1300s, such as in Ibn Khaldun's
book Muqaddimah (Khaldûn and Lawrence, 2015, originally 1377). Despite this
long tradition, and that all the countries studied in this thesis have experienced
a long list of events during the period covered, such as the two World Wars and
several signi�cant economic crises, there is no complete consensus regarding why
the macroeconomy has developed in the way it has. This lack of consensus is
no secret among researchers (Acemoglu, 2009; Vroey, 2016).

The disposition of the rest of this introductory chapter is as follows: Section
2 provides general background, a theoretical overview, an outline of existing
research and a chronology of the key facts from the historical period covered.
Section 3 describes the data used and section 4 the primary methods. Section
5 summarises the content of each paper. Concluding remarks are discussed in
section 6, and section 6.2 describes some possibilities for future studies.

2 Background and earlier research

On a general level, this study departs from the observation that there are im-
portant short- and long-term �uctuations in growth and labour market outcomes
and the determinants of which are still unclear. Famous historical examples in-
clude the Great Depression during the 1930s, as well as the long-term increase in
unemployment since the 1970s. This section describes earlier research of relev-
ance to this thesis. First, a chronology describes the period in Sweden and other
countries from the early 1900s until the 2010s, focusing on the development of
GDP, unemployment and labour market institutions. There follows some the-
oretical background and a more general framing of macroeconomic trends and
how �uctuations can be understood.

2.1 Growth and labour markets in the 20th and 21st cen-

turies

The period covered is 1911�2017 (papers 1, 2, and 4). Among the countries
covered in this thesis, Sweden is included in all the papers and is the primary
focus of papers 1 and 2 (cf. the historical chronology in paper 1).

Since the late 1800s, the total monetary value of world production has in-
creased at an exponential rate. During this long period of growth, economic
development has gone through both short and long periods of stagnation as
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well as high growth. These �uctuations have often resulted in dramatic shifts
in conditions and standards of living, in industrial transformation and di�erent
kinds of crises in the lives of millions. This dissertation aims to measure these
more closely and to contribute to a better understanding of these developments.

Figure 1 depicts the development of GDP in four of the countries included
in the papers: Australia, Sweden, the United Kingdom and the United States.
The top graph shows log GDP per capita and illustrates the positive trend
throughout the period. The bottom graph shows long-term trends in the growth
rate of GDP per capita using the trend component from a Hodrick-Prescott (HP)
�lter (Hodrick and Prescott, 1997).3

Throughout the 20th century, a massive increase in economic activity and
income took place in many countries throughout the world, and all countries
covered in this thesis, but with important di�erences in growth rates over time.
As illustrated in the bottom graph, growth rates have varied over the decades,
at the same time as a somewhat similar pattern is seen in most countries over
the period: low, then higher, then lower again.

The early 1900s was a time of economic hardship in many countries, with
recurring �uctuations, booms and busts. World War 2 was followed by decades
of stability and high growth, until a slowdown during the 1970s and 1980s,
followed by decades of even slower growth, which has sparked a renewed debate
on �secular stagnation� (Hansen, 1938; Baldwin and Teulings, 2014).

Figure 2 shows the development of the unemployment rate, estimated as the
annual percentage of the labour force, from paper 4 (Hegelund and Taalbi, 2019).
During this period the aggregate unemployment rate in these countries �uctu-
ated over both shorter and longer periods, with relatively higher unemployment
during the 1920s and 1930s, lower levels in 1950�1980, and again higher levels
after 1980.

The early 1900s, were characterised by both World War 1 as well as sharp
�uctuations in GDP and its components, such as capital formation and private
consumption. These events also coincided with a more extensive food crisis in
northern Europe in 1916�1917, as well as social unrest in Sweden and elsewhere
(Montgomery, 1954; Heckscher, 1970). This period is also well-known for booms
and busts in private credit and share prices in Sweden (Schön, 2000; Ahnland,
2017), as well as other countries (Schularick and Taylor, 2012; Jordà et al.,
2013). Around 1920, both GDP and unemployment �uctuated sharply over a
few years, a period famous for �uctuations in both �nancial and credit markets
as well as the aggregate price level (Örtengren, 1979; Lönnborg et al., 2011).

The period up until the end of World War 2 was, in general, tumultuous
in many countries (e.g. Holmlund, 2013; Mathy, 2018). During the Great De-
pression of the 1930s there was a well-known sharp decline in economic activity,
production and other components of GDP (Kindleberger et al., 2005; Galbraith,

3The Hodrick-Prescott �lter minimises the sum of squared deviations in the original data
from the trend of the same data, with a penalty, often denoted λ, for volatility in the trend (cf.
Whittaker, 1922). The choice of λ is more or less arbitrary and here set at 400 (cf. Ravn and
Uhlig, 2002). The HP-�lter is a common method in analytical work, but also highly debated
in the literature (Hamilton, 2017b,a), as discussed in papers 2 and 3.
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2009), and a sharp increase in unemployment in Sweden (Schön, 2000; Jonung,
2009), as well as many of the other high-income countries (Smiley, 1983; Romer,
1986) covered here (cf. Zagorsky, 1998).

While annual data indicate relatively mild �uctuations in Sweden at the time
(Edvinsson, 2005; Jordà et al., 2016), we argue in paper 1 that our reconstruction
of quarterly GDP indicates that Sweden also experienced a double dip in the
1930s.

Macroeconomic instability continued during World War 2 in the early 1940s,
with large �uctuations in economic activity, production and trade throughout
Europe and North America, as well as high levels of aggregate unemployment
during the war. For a description of the Swedish experience during these years,
see Johansson (1985), Lundberg (1983) and Jonung (1994).

After the war followed a period renowned for economic prosperity and rel-
atively stable growth in many countries. From around 1950 to the late 1970s,
and in some countries even longer, both Europe and North America experi-
enced low unemployment, growing employment rates, as well as high levels of
economic growth and capital formation. For Sweden, the postwar period was
relatively stable up until 1991. Annual data indicate no apparent signs of �uctu-
ations during this period (Edvinsson, 2005) but as we discuss in paper 1, there
were several short-term �uctuations in production in the 1970s, visible when we
compare quarterly data, as well as a longer-term shift towards a slowdown in
economic growth (cf. Örtengren, 1979).

During these decades, labour market institutions also went through fairly
signi�cant shifts. As pointed out in research on the di�erent welfare state models
(Esping-Andersen, 1990), many high-income countries chose somewhat di�erent
political paths and designs for their institutions, but as we focus on the longer-
term development, several similarities are perhaps just as apparent.

Lundh (2010) describes three phases of development in Sweden: During the
�rst period, 1890�1930, Sweden was transformed from a mainly agrarian eco-
nomy to one dominated by manufacturing industries. During the same period,
Sweden went through an urbanization process, as well as a reconstruction of
the economy. This was also a period of increasing market concentration, and a
growing share of the labour force was hired by larger companies at larger work-
places than before. In earlier stages of industrialization, family businesses were
still typical, as well as patriarchal relations, where workers' professional and
private lives were tightly controlled. As industrialization and the restructuring
of the Swedish economy continued, these patriarchal relations were replaced by
more professional, economic ones. During the same period, trade union mem-
bership increased, as well as their in�uence over the labour market. Collective
agreements increased in popularity and became more common in several key
industries, where collective agreements covered a growing share of the labour
force.

During the second phase, 1930�1975, industrialization continued, paving the
way for an increase in standardized mass production. A growing share of (mar-
ried) women entered the labour force (cf. Silenstam, 1970) and during the 1930s,
the �rst more general unemployment replacement funds were started (cf. Na-
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tional Board of Health and Welfare, 1955). During this period, organized capital
and labour pushed for greater centralization of wage negotiations, which at the
time was viewed as favourable to both workers and employers. This resulted in
practices in the labour market which Lundh, as well as many other writers, has
de�ned as �the Swedish Model�. The title refers to key aspects of labour mar-
ket relations, which Lundh summarizes as high organizational density among
workers and employers, consensus among both parties at the local as the well
as national levels. Adding to that, wage negotiations were handled by workers
and employers without government interference.

Around 1960, manufacturing industries reached the highest share of the la-
bour force employed. According to Lundh, this is also when the Swedish model
of labour market relations was at its peak. During the 1970s and 1980s, the
model was being increasingly questioned by both employers and unions, which
paved the way for new relations in wage formation. Service industries were em-
ploying a growing share of the labour force and from the early 1970s, became
the dominant sector, compared to manufacturing and agriculture. During this
third phase of the Swedish economy, 1975�2000, wage bargaining became more
decentralized again and favoured more local, individual, �exible agreements.
Lundh describes this as a result of, or at least coinciding with, increasing �glob-
alization� and computerization of production, which was making work, as well
as life in general, more individualized (cf. Castells, 1996, 1997).

Patterns of greater or lesser similarities in these overall developments are
also visible when comparing Sweden with other high-income countries � such
as the overall trend in the strength of trade unions, as illustrated by growing
union density. Even if levels vary and there are some exceptions, many countries
followed a more or less similar long-term pattern, with growing union density
in the �rst half of the 1900s, and stagnation or long-term decline starting in the
last quarter of the century.

For example, in Sweden, union density grew from below 30% in the early
1910s to around 80% in the 1980s and 1990s (Kjellberg, 1983), and after that
declined to below 70% in the 2010s (cf. Lundh, 2010, ch. 3). In the UK,
union density varied around 20�40% in the 1910s to the early 1930s, increasing
after that until the early 1980s, reaching over 50%, and declining thereafter. In
Australia, union density �uctuated around 30�40% in the 1910s to the 1930s
and increased to around 50% in the 1950s. A more long-term decline began
in the late 1980s. The USA is the exception in the sense that average density
was relatively low compared to most other countries throughout most of the
time period, but the long-term pattern is still similar � increasing union density
from around 10% in the early 1900s to around 35% in the 1950s, and declining
thereafter (Kjellberg, 1983; Visser, 2006; OECD, 2019).

Unemployment bene�ts followed a somewhat similar pattern, starting at low
levels in the early 1900s, and increasing up until around the 1980s in Sweden,
as well as several other countries, followed by a substantial decrease. As an
illustration we can compare the data on average replacement rates compared
to wages using the Social Policy Indicators database (The Swedish Institute for
Social Research, 2015), and its measures of net replacement rate for the �rst 26
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weeks of unemployment for workers in single households or families (a similar
pattern also visible for other measures). In the USA and the UK, the measures
for single workers went from being below, or around, 30% in the 1930s and
1940s, to around 60% in the 1970s. A similar increase from the 1930s until the
1970s took place in Australia and Sweden, where top values were around 37%
and around 80%, respectively. Replacement rates for familied workers are often
higher but follow a similar long-run pattern. By the 1970s and 1980s, a rather
substantial decrease had taken place in the UK, and a more mild decrease in
many other countries, such as Australia and Sweden. Exceptions include the
net replacement for familied workers in the USA, which increased somewhat in
recent years, see �gure 3.

More historically focused research on labour market institutions in both
Sweden and other countries has also highlighted similar developments, as a po-
tential connection to both labour market relations and wage formation (Dims-
dale et al., 1989; Alexopoulos and Cohen, 2003), and to a more general discussion
on long-term growth in economic activity and total income (Eichengreen, 1994;
Vartiainen, 1998).

During the 1970s, GDP growth began to slow down, along with a decline in
capital formation. At the same time, the unemployment rate began to show a
positive trend. In Sweden, unemployment remained relatively low until a sharp
increase in the early 1990s, after which the unemployment rate remained relat-
ively higher compared to earlier decades. This period also coincided with the
spread of information technology and structural transformation in both Sweden
and other countries (Magnusson and Ottosson, 2003; Castells, 2010). The sharp
increase of Swedish unemployment in the early 1990s also coincides with sim-
ilar developments in other countries, such as Finland (Fregert and Pehkonen,
2008), as well as short-term �uctuations in house prices, private credit and
production (Ja�ee, 1994; Söderström, 1995; Finansdepartementet, 2001). This
�nancial crisis in Sweden has also been compared to historical events with sim-
ilar �uctuations in private credit and housing prices (Larsson and Lönnborg,
2014; Ahnland, 2017). Since the increase in the aggregate unemployment rate
in 1970s, unemployment has remained at a relatively high level in Sweden and
many other high-income countries. As described above, the research literature
contains an extensive debate on the causal explanations behind this develop-
ment, and these discussions are also central to papers 3 and 4.

2.2 Theoretical background

2.2.1 What do we know about business cycles?

Short-term �uctuations are often referred to as business cycles. Lucas (1980)
describes how modern business cycle analysis, for the most part, is a product
of the early 20th century and the works of John Maynard Keynes (1936, 1976,
originally 1930) and Wesley Mitchell. Based on earlier research, Burns and
Mitchell (1946) formulated what is probably the most authoritative de�nition
of business cycles as
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Figure 1: GDP per capita in 2011 US dollars PPP
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Figure 2: Unemployment, percent of labour force
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Figure 3: Net replacement rates for four countries 1930�2010
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a type of �uctuation found in the aggregate economic activity of
nations that organize their work mainly in business enterprises: a
cycle consists of expansions occurring at about the same time in
many economic activities, followed by similarly general recessions,
contractions, and revivals which merge into the expansion phase of
the next cycle; this sequence of changes is recurrent but not periodic;
in duration business cycles vary from more than one year to ten
or twelve year; they are not divisible into shorter cycles of similar
character with amplitudes approximating their own. (p. 3)

This de�nition is still highly in�uential. For instance, both the National Bureau
for Economic Research (NBER) and the Centre for Economic Policy Research
(CEPR) use similar de�nitions (cf. Hall et al., 2003; Center for Economic Policy
Research, 2019).

It is worth noting here how many of the commonly used terms, such as
recession, crisis, or depression, lack a clear de�nition. Several possible de�nitions
of these phenomena are available, none of which are immune from criticism,
partly since it is a question of how we theoretically understand �uctuations in
economic activity in the short to long term.

Burns and Mitchell (1946) explain in their in�uential work on the subject
that �[h]ow 'general' [business cycle movements] are, what types of activity share
in them and what do not, how the consensus di�ers from one cyclical phase
to another, and from one business cycle to the next, can be learned only by
empirical observation�. Empirical work on business cycles then often focuses on
separating the cycles from the long-term trend. One method of achieving this is
by using a band-pass �lter on the time series of various economic phenomenon,
such as GDP, as is discussed in more detail below.

2.2.2 What do we know about unemployment?

Strong �uctuations are also observable in labour market outcomes, such as in
the short- and long-term movements in the percentage of the labour force that is
unemployed. Research on this topic also has a long tradition but both empirical
and theoretical results are still highly debated.

As total production increases in an economy, this often coincides with an
increase in the demand for labour. A famous observation regarding the trends
and �uctuations in economic activity and work was presented by Okun (1962) on
the correlation in the US economy between aggregate production (measured as
gross national product, GNP) and unemployment, using di�erent models such as
the correlation between changes in the two variables and the correlation between
deviations from long-term trends. This collection of observed correlations has
since been referred to as �Okun's law�. As discussed in paper 2, di�erent aspects
of these phenomena are still highly debated, such as how stable this relation is
across countries and time (Silverstone and Harris, 2001; Knotek and II, 2007;
Cazes et al., 2013), and whether this is primarily a short-term phenomenon,
merely another observation of business cycle �uctuations, or a more long-run
relationship (cf. Gallegati et al., 2014, 2015).
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Di�erent aspects in connection with Okun's law are also highlighted in re-
search on how to understand aggregate unemployment. An illustrative example
is the academic debate regarding why unemployment in the United Kingdom
(UK) in the 1920s and 1930s was relatively high compared to earlier and later
decades. Benjamin and Kochin (1979) argue that this could be explained by
generous unemployment bene�ts, which can be expected to push up reservation
wages and reduce willingness to work. This is put into question by Broadberry
(1983) who, in a comparison between the interwar period and the increase in
unemployment in the 1970s, stresses that

the major point we wish to make is that the economy in the interwar
period showed very little evidence of the kind of self-equilibrating
forces relied upon by economists within the Walrasian tradition. We
see no reason to believe that these self-equilibrating forces are any
stronger now; indeed, the huge rise in unemployment and its per-
sistence since the late 1970s suggests that these forces are as weak
as they were before the Second World War. (p. 483)

Instead, Broadberry argues, unemployment during this period must be under-
stood from the perspective that demand for labour can shift for reasons other
than the long-term design of labour force conditions (Keynes, 1936, 1937): �We
take the pessimistic view that the interwar economy was subject to demand
shocks and was unable to return to full employment without government inter-
vention� (cf. Sohn, 2013; Bengtsson and Stockhammer, 2018).

The Keynesian theory of e�ective demand as one of the key drivers of aggreg-
ate unemployment are described by Diamond (1982) as a search and matching
model of the labour market with multiple equilibria, in which a coordination
failure among actors may result in prolonged sub-optimal outcomes, i.e. that
the economy get stuck in a �bad� equilibrium with relatively higher unemploy-
ment rate. Fregert (2000) argues that the increase in unemployment in Sweden
during the Great Depression in the 1930s, was prolonged by sticky nominal
wages as a result of coordination failures among wage setters. Thus, theoretical
discussions on multiple equilibria concern both the development of aggregate
demand as well as that of institutions.

During the 1970s, as unemployment increased in the UK, many other high-
income countries experienced a similar pattern of increasing aggregate unem-
ployment rates. As described in papers 3 and 4, di�erent explanations for this
have been debated since. Research on the subject may be described as pushing
either an �institutional� story or a �shock� story (cf. Stockhammer, 2008), or
a combination of both. Many studies on this subject focus on a selection of
high-income OECD countries, partly due to the supply of comparable data.

The institutional story often highlights long-term conditions of labour and
capital that are expected to a�ect wage and price formation, such as trade
unions, legislation and taxes (cf. Stockhammer, 2004, 2008). Empirical analyses
of these issues have found no clear consensus. Several empirical studies con�rm
the importance of the structure of long-term institutional conditions (Ljungqvist
and Sargent, 1998; Elmeskov et al., 1999) or the combination of institutions in
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the interaction with shocks (Blanchard and Wolfers, 2000; Bassanini and Duval,
2009). However, many empirical results on aggregate institutional measures
have been criticized for being sensitive to research design (Baker et al., 2005;
Kim, 2011), which also calls into question the political recommendations based
on these types of results (Howell and Rehm, 2009; Howell, 2011). For instance,
Baccaro and Rei (2007) compare several earlier results and methods, and argue
that di�erent analytical methods applied to commonly used aggregate data do
not support a strong correlation between aggregate unemployment and measures
of institutional variables, and therefore any simple story of either regulation or
deregulation. Instead, they highlight monetary policies and real interest rates as
more important in explaining unemployment, compared to institutional factors.

The shock story instead highlights the importance of unanticipated short-
term events, such as exogenous shifts in macroeconomic conditions not explained
by long-term conditions, that for di�erent reasons may a�ect more long-term
developments in unemployment. Di�erent factors have been pointed out as po-
tential sources of macroeconomic shocks in this context (Blanchard and Wolfers,
2000; Ramey, 2016). One strand of this literature focuses on capital formation
as an essential factor behind the development of unemployment in Europe and
North America since the 1960s. Rowthorn (1995) argues that the increase in un-
employment after 1970 may be explained by weak capital accumulation, which
in turn may be explained by high interest rates and low pro�ts (cf. Rowthorn,
1999a). The more long-term correlation between unemployment and capital
formation is examined by Herbertsson and Zoega (2002). They �nd a strong
correlation between unemployment and capital, also when compared with a se-
lection of institutional factors (cf. Smith and Zoega, 2009). Stockhammer and
Klär (2011) compare capital formation, a selection of commonly used variables
and earlier results from other studies (cf. Bassanini and Duval, 2006), and argue
that capital formation and real interest rates can better explain the development
of unemployment in many high-income countries, compared to the institutional
story (cf. Stockhammer et al., 2014).

Furthermore, there is no simple theoretical answer to how to understand
the relationship between economic activity, production and unemployment. As
described and discussed in papers 2, 3 and 4, according to in�uential versions of
theoretical models on equilibrium unemployment, such as dynamic search and
matching models (Pissarides, 2000) or static wage- and price-setting models (La-
yard et al., 2005), unanticipated shocks to production may have only tempor-
ary impacts on unemployment in the short term. However, we may expect more
long-term e�ects if there is persistence/hysteresis in the process by which unem-
ployment returns to equilibrium (Drèze and Bean, 1991; Roed, 1997). One may
also expect a long-run negative correlation between unemployment and growth,
or between unemployment and capital formation, with low enough substitution
of elasticity between production factors. Rowthorn (1999b) illustrates this by
showing how the theoretical framework presented in Layard et al. (1991) with
a production function with constant elasticity (often denoted σ) of substitution
(CES) between production factors below 1, results in a negative long-run rela-
tion between unemployment and capital formation (cf. Rowthorn, 1977, 1995).
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Sigurdsson (2013) shows that a negative long-run relationship between unem-
ployment and capital formation may also result from a two-sector search and
matching model, with capital production and CES production, assuming σ < 1.
Christodoulakis and Axioglou (2017) derive a negative relation with an overlap-
ping generations model with labour market frictions, for both a Cobb-Douglas
production function and a CES production function with σ < 1. A large body of
research seems to support the assumption that σ < 1 (Rowthorn, 1999b; Klump
et al., 2007; Chirinko, 2008; Semieniuk, 2017).

Shifts in macroeconomic conditions and activity, such as capital formation,
may also have more long-term e�ects on unemployment if there are multiple
unemployment equilibria (Blanchard and Summers, 1988). Several theoretical
arguments for this are well known in the literature, such as exogenous e�ects in
the search and matching process (Diamond, 1982; Pissarides, 1992) or econom-
ies of scale in production, which may result in multiple equilibria in search and
matching models (Weitzman, 1982) and overlapping generation models (Cazza-
villan and Pintus, 2004; Christodoulakis and Axioglou, 2017), as well as in wage
and price-setting models (Manning, 1990, 1992).

Just as the ideas in research on production, employment and business cycles
have a long tradition, so have di�erent theories on unemployment. The equilib-
rium unemployment theories presented today can often be traced back to the
theory of a non-accelerating in�ation rate of unemployment (NAIRU) or a nat-
ural rate of unemployment (NRU) (Phelps, 1967; Friedman, 1968). But these
ideas had a long tradition before that (cf. the introductory model in Bagge,
1931). Models with multiple equilibria are often traced back to the theory in
Keynes (1937), that e�ective aggregate demand is the primary determinant of
employment. However, similar arguments were being discussed long before that
(Tieben, 2009).

Papers 3 and 4 revisit these debates. We see several motivations for adding
more studies on this subject. Both of the papers include data on capital forma-
tion. Earlier studies on the development of unemployment in the OECD coun-
tries in this period do in many cases not include any analysis of capital forma-
tion. Those studies that do discuss capital formation seldom include many more
variables besides that one (cf. literature review in Stockhammer and Klär, 2011).
Paper 3 addresses this by including a selection of institutional variables. These
variables have been highlighted as important by several earlier publications on
the subject. In addition, many cross-country panel studies on the subject fo-
cus on the period from 1960 due to the availability of data. Paper 4 presents
extended time series on unemployment, which allows a richer analysis.

3 Data and source criticism

3.1 Data overview

Table 1 describes the primary datasets used. The overall research design and
choice of data in the papers are highly in�uenced by earlier research on each
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topic.
While all of the data used in this thesis are compiled and prepared by others,

we have made several adjustments and preparations, such as collecting tables in
older publications, linking newer and older series, and interpolating some miss-
ing values. In papers 2 and 4 we estimate a new time series on unemployment
for +100 years in Sweden and nine other countries. The method is described
in greater detail in these papers. The �rst step is the recollection of earlier ob-
servations sampled from di�erent sources, such as Galenson and Zellner (1957),
Maddison (1959, 1964), among others (see paper 4). The data taken from Ga-
lenson and Zellner (1957) is on unemployment among members of trade unions.
Since unemployment were higher among members of trade unions than for the
whole labour force, we adjust this data downwards. To get a consistent time
series for 1913�2016 we connect the changes in the old series to newer data from
the OECD database on unemployment, where the commonly used data meas-
ures unemployment among 15�74 years old who are unemployed, available for
work and have taken active steps to search for an open position in the last four
weeks. This gives us an estimate of the total annual average unemployment rate
in percentage of the labour force for the whole period.

Paper 2 uses this annual estimate of unemployment to reconstruct monthly
unemployment for Sweden, through temporal disaggregation (Chow and Lin,
1971). To disaggregate the annual series into monthly data, we use monthly
observations on unemployment as a percentage of members of trade unions
and unemployment insurance funds. This data is well known (Molinder, 2013;
Ericsson and Molinder, 2018) and described in more detail in the paper. We then
connect this monthly estimate to newer observations on monthly unemployment
as a percentage of the labour force, taken from Statistics Sweden, which results
in a more extended time series.

In papers 2, 3 and 4 we analysed correlations between unemployment and
di�erent explanatory variables. The dependent variable in paper 2 is the ag-
gregate unemployment rate, as described above. Paper 3 applies the HP �lter
to separate short-run �uctuations and the long-term trend in unemployment
and use the trend component as the primary dependent variable in the ana-
lysis. In in�uential theoretical models of equilibrium unemployment (Pissarides,
2000; Layard et al., 2005) there is a unique long-run equilibrium determined by
exogenous long-term institutional conditions. Actual unemployment gravitates
towards this equilibrium. According to theory, the long-term trend in observed
unemployment should therefore be a good proxy for equilibrium unemployment
(cf. Ball and Mankiw, 2002; Flaig and Rottmann, 2013).

3.2 Source criticism

This section discusses the most crucial aspects of source criticism relevant to
this thesis. The primary source-critical question is whether the sources are valid,
reliable and relevant for the speci�c purpose of these studies. When analysing
several countries in the same study, it is essential to choose between national
sources and sources covering many countries at the same time. Since two of the
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Table 1: Main data sources used in this thesis
Data Comment

AMECO: Annual Macro-economic
database of the European
Commission's Directorate General for
Economic and Financial A�airs
https:

//ec.europa.eu/economy_finance/

ameco/user/serie/SelectSerie.cfm

Aggregate data on
macroeconomic variables such
as capital, unemployment,
among others. Papers 3 and 4.

Bergeaud et al. (2016) Aggregate data on total factor
productivity. Paper 4.

The CEP-OECD Institutions Data Set
(Nickell, 2006)
http://eprints.lse.ac.uk/19789/

Aggregate data on taxes. Paper
3.

Edvinsson et al. (2014) Aggregate GDP. Papers 1 and 2.
Groote et al. (1996) Aggregate data on gross �xed

capital formation. Paper 4.
ICTWSS v.6: Database on
Institutional Characteristics of Trade
Unions, Wage Setting, State
Intervention and Social Pacts, from
Amsterdam Institute for Advanced
Labour Studies (AIAS) (Visser, 2019)

Aggregate data on factors
relevant to the labour market,
such as trade unions. Papers 3
and 4.

National Board of Trade (1913, 1954);
Statistics Sweden (1963, 1968)

Data on import and exports.
Paper 2.

Macrohistory Database (Jordà et al.,
2016) http:
//www.macrohistory.net/data/

Aggregate data on various
macroeconomic factors such as
GDP. Paper 4.

OECD Statistics
https://stats.oecd.org/

Aggregate data on
macroeconomic variables.
Papers 3 and 4.

Sjölund and Wiklander (2003) Indices of industrial production.
Papers 1 and 2.

Statistics Sweden
https://www.scb.se/

Aggregate data on di�erent
variables. Papers 1 and 2.

Vliet et al. 2012 Unemployment replacement
rates. Paper 3.

Waldenström (2014) Consumer price index. Paper 2.
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papers here focus on Sweden, this section also discusses the choice of country,
and the quality of Swedish data. Since three papers present new data, it is also
essential to consider what we can learn, and what we cannot be learned from
these. Finally, this section highlights the source-critical aspects of the methods
we use in this thesis.

When analysing data that covers several decades and large geographical
areas, such as the 35 countries in paper 3, the data must be comparable across
both time and countries. For instance, to be able to make calculations on cross-
country variations and correlation, both the dependent variable, the aggregate
unemployment rate and the explanatory variables, such as capital formation,
must be comparable (cf. Mitchell, 2003). The article uses data on unemployment
from the AMECO database, which comprises data from the Eurostat database,
which in turn gets data from national statistical agencies, collected according to
guidelines from the International Labour Organisation. By linking new and old
series, AMECO presents time series over several decades, which are comparable
across countries (AMECO, 2019). Both of these, as well as the other databases
used, have also been used in earlier studies.

National sources may be of greater reliability for studies of an individual
country following the source-critical principle that primary sources are more re-
liable than secondary sources, secondary sources are more reliable than tertiary
sources, and so on (Ågren, 2017). But the data creation may be based on some-
what di�erent methods, making comparisons over time and between countries
problematic. For instance, paper 4 uses data on GDP taken from Jordà et al.
(2016). Comparisons across countries and over time are facilitated by use of
time series from the same source.

If , for instance, we were to use data from each country's statistical o�ce, one
problem that might occur is that these revise their time series, applying new
de�nitions and utilizing additional sources. These updates are then applied
retroactively. Papers 1 and 2 make use of Swedish historical national accounts
(Edvinsson et al., 2014), which have been revised extensively in recent years.
However, even if revisions of national accounts by statistical o�ces alter total
levels, they seldom involve signi�cant changes in aggregate �uctuations. For
example, the main focus in paper 2 is on developments over time, rate of change
and relative di�erences, but not absolute levels.

Data reconstructed by economic historians do not always conform to mod-
ern de�nitions. Although there are many uncertainties, especially for the period
before 1950, Swedish data are among the most reliable in the world, especially
for the First and Second World War given that Sweden remained at peace. In
addition, for Sweden, di�erent series on national accounts exists (Schön and
Krantz, 2015), which makes the overall picture less uncertain. The di�erence
between these series is not essential to the studies in this thesis (cf. discussion
in Edvinsson et al., 2014). Some of the series used here come from statistical of-
�ces with a long history of data collection. One advantage in these cases is that
the data generating process may have gone through several improvements along
the way, which have also been documented. One such example is the data used
in paper 2 on the monetary values of the international trade of goods (National
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Board of Trade, 1913, 1954; Statistics Sweden, 1963, 1968). Statistics Sweden
(1972) describes how the collection of Swedish trade data went through sev-
eral improvements during the late 1800s and early 1900s, and how the primary
material for this data was adapted to international standards, for instance, on
the use of values of imports at the border (Cost Insurance Freight, CIF) and
values of exports at the border (Free On Board, FOB) (cf. SOU 2002:118, 2002,
bilaga 3). Swedish Customs Services and the General Duty Board collected the
primary material for these data at duty o�ces, post o�ces or railways stations.
Schön (2015) describes how historical foreign trade data is one of the sections of
the Swedish national accounts that is best documented (cf. Lindahl et al., 1937;
Johansson, 1967; Edvinsson, 2005).

It is also crucial to be cautious about the extent to which our results can be
generalized. Papers 1 and 2 present a reconstruction of quarterly and monthly
data on GDP and unemployment, applying standard methods of temporal dis-
aggregation. While we believe that these estimates o�er a good approximation
of the values we are seeking and are useful for these speci�c studies, it is worth
highlighting that these new data series are mere estimates. Other data and
methods might result in signi�cant di�erences. Papers 3 and 4 in this thesis
make use of data covering both Sweden and a selection of other high-income
countries. We have chosen periods and countries according to the availability
of data. Long time series, comparable across countries and time, and suitable
for statistical analysis are hard to �nd. It is important to note here that the
results do not necessarily hold for other countries and periods.

In papers 1, 2 and 4, we present and make use of data that spans more than
100 years. In two of the papers we present analyses of several countries at once.
The challenge in these cases is to be careful with comparisons over time. We
believe that our new estimations of GDP and unemployment are useful for these
studies. However, it is also important to remember that such periods also span
other signi�cant shifts in the economy. One should be careful of interpreting
the lives of the people represented in those numbers.

Finally, when studying unemployment, it is crucial to understand that this is
a measure of the number of people unemployed, divided by the number of people
in the labour force, which gives a continuous number. However, the calculation
of this data is dichotomous: a person is treated as either unemployed or not
unemployed. A person is either part of or not part of the labour force. In
real life, things are often not that simple, and many people are in a grey area,
such as discouraged workers, or people in education looking for part-time work.
While we believe that the studies presented in this thesis answer important
macroeconomic questions, it is also possible that a closer comparison of di�erent
de�nitions of unemployment would reveal other results.

4 Methods

This section describes the primary methods used in the papers: temporal disag-
gregation, regression analysis on one country across time, and panel regression
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analysis on several countries across time. Section 4.5 also o�ers some comments
regarding causality.

4.1 Estimating series of higher frequency

The two papers on the Swedish economy, papers 1 and 2, present new data
on quarterly GDP (paper 1), and monthly GDP and unemployment (paper 2).
The new data is generated by taking known values for annual GDP (Edvinsson
et al., 2014), and estimating how we should distribute these over quarters and
months. To estimate new monthly and quarterly data, we make use of temporal
disaggregation methods. There are several standard methods for temporal dis-
aggregation available (for introductions see Eurostat 2013, IMF 2018, and Quilis
2018).

The basic idea is that we have a low-frequency data series such as annual
GDP, ya, (which is known), and we wish to know GDP per quarter, yq (which
is unknown). Thus, we know that the annual sums of yq are equal to ya.
We can then use one (or several) indicator variable(s), pq, to estimate how
quarterly GDP data should be distributed over the four quarters in each year.
A simple, but rather strict, assumption could be to assume that the growth rate
per quarter for y follows the growth rate of p per quarter.

Common methods include Denton and Denton-Cholette (Denton, 1971; Dagum
and Cholette, 2006), which use a single indicator variable, and Chow and Lin
(1971) and Quilis (2009), which make use of generalized least square (GLS)
regression methods (cf. Sax and Steiner, 2013). In paper 1, we present a com-
parison of some common methods. Paper 2 focuses on the method presented in
Chow and Lin (1971) (cf. Eurostat, 2013; IMF, 2018).

In the papers, we use an industrial production index and data on interna-
tional trade to perform the temporal disaggregation. This method rests on a
correlation between GDP and these variables in the later decades. It is open
to question whether such a relationship was present in the earlier years, for in-
stance, because of the larger agricultural sector. However, the co-movement at
the annual level indicates that the method is sound (see paper 1).

4.2 Analysis on one country across time

In papers 2, 3 and 4, we discuss connections between aggregate unemployment
and di�erent variables based on earlier research and theory. We estimate correl-
ations between unemployment and explanatory variables to test various theories
of unemployment.

The overall research design in all three papers is highly in�uenced by the
extensive literature on the subject (Bassanini and Duval, 2006; Stockhammer
and Klär, 2011), but as described in the introduction to this chapter as well as in
the papers we see several good reasons to revisit these debates, not least because
of inconclusive earlier results (Baker et al., 2005). At the same time, since we are
using a similar method to earlier research, this facilitates comparison of results.
The regression methods used in these papers are relatively basic and follow
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standard textbook recommendations (e.g. Gujarati and Porter, 2008; Baltagi,
2013; Hansen, 2017).

The primary analytical setup in these articles estimates the extent to which
unemployment, uit, in country i at time t is a function of various explanatory
variables in the same country i during the same year t. In the papers, we
also discuss possible connections across time periods. One way to describe
these methods is to start with an analysis of one country. For instance, paper
2 focuses on di�erent correlations between unemployment u and real GDP y
in Sweden. As part of that study, we present an analysis of the correlation
between a change in the unemployment rate, ∆u (in percentage points), and
the percentage change in GDP, ∆y. So the change in unemployment at time t
is a function of the change in GDP at time t. When we use monthly data, the
t is a notation for months. When we use quarterly data, t is instead a notation
for each quarter, such as 1995:3, and so on.

The baseline econometric regression model for this is then

∆ut = α1 + α2∆yt + εt (1)

where the αs are estimated in the regression and εt is the error term at time
t. This regression model can then be estimated, for instance using the ordinary
least squares (OLS) method, which will give us the values of α1 and α2. In a
two-dimensional space this calculation, and the equation 1, give us a straight
line through the combined values of u and y, where the two axes measures the
values for u and y.

For this estimate using OLS to be e�cient, the data must satisfy several
assumptions. For example, the model must be linear, and the error term (ε)
must have a constant variance across values of yt (homoscedasticity). Since it
is a time series, both u and y must be stationary. Stationarity is a central issue
for regression analysis of time series since if two time series follows some trend,
such as a long-term increase, a regression will often indicate a correlation that
is of little practical value. These are mere examples, and standard econometric
textbooks usually discuss these and others (cf. Gujarati and Porter, 2008).

In papers 3 and 4, we study several countries over time and use both panel
regression models (see below) and estimate regression models on one country
at a time as a comparison of our panel results. The explanatory variable of
primary interest in paper 3 is capital formation, k. Since we now have several
countries, we add notation for countries. Thus, unemployment in country i at
time t is now a function of capital formation in the same country i in the same
time period t, which means that the baseline model is now:

uit = β1i + β2ikit + εit (2)

where the β1i and β2i are estimated and εit is the error term for country i at
time t. Since we estimate the model for each country separately, we also get
one value for β1 and β2 per country i.
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4.3 Analysis on many countries across time

In paper 3 and 4, we make use of an annual cross-country dataset. Making
use of data over long periods and several countries, i.e. panel data, can be
problematic since it increases the risk that the data are not comparable (see
section 3.2). The advantage is that panel data can be used to test in�uential
theories on larger samples, reducing the risk of false conclusions.

To take account of the variations in all countries over time, we estimate
panel regression models, where unemployment in country i at time t, uit, is a
function of capital formation in country i at time t, kit, or in equation form:

uit = γ1 + γ2kit + εit (3)

Using standard OLS method we estimate this panel model, which in this case
is called a pooled OLS model. Estimating a pooled OLS model requires that we
assume that there are no unique characteristics in each country of importance
to the development of unemployment. In addition, we assume that there are no
global events at each point in time that a�ect all countries at the same time.
Paper 3 uses a pooled OLS model as a comparison for parts of the analysis.

As discussed in the papers and many earlier publications, it is highly un-
likely that such assumptions across countries and time are correct. To take the
country- and time-persistent e�ects into account, we can add dummy variables.
The number of dummies is then I − 1 and T − 1, where I and T is the number
of countries and time periods included in the dataset. This method is called
�xed e�ects, and gives us the following baseline two-way �xed e�ects model:

uit = γ1 + γ2kit + γ3Fi + γ4Ft + εit (4)

where Fi and Ft are time-persistent and country-persistent e�ects, which are
not otherwise captured by the model. This means that Fi is used to control for
factors that do not change over time but are constant for each country, such
as national cultures. Ft is used to control for characteristics that are common
across all countries each year, such as global events. Estimations of γ3 and γ4
then give us values, one for each dummy variable, for how substantial the time-
and country-consistent e�ects are. Often when using such models, we are not
especially interested in the estimated coe�cients of all the dummies, but the
method is instead primarily used to control for such e�ects and to obtain more
e�cient values for other coe�cients, such as γ2.

By estimating the model in equation 2 on data for each country, we calculate
intercept and slope for each country, based on the correlation in each country
separately. By estimating the two-way �xed e�ects model in equation 4 we
calculate the correlation between u and k, for all countries combined, with
respect to the variation in the whole dataset together.

4.4 Band spectrum regression and wavelet analysis

In paper 4, we study the development of unemployment and its relation to
di�erent variables, such as GDP and capital formation. We use wavelet analysis
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and band spectrum regression to separate the short- and long-term e�ects of
the explanatory variables.

Somewhat simpli�ed, standard versions of commonly used versions of the-
oretical models for equilibrium unemployment (Pissarides, 2000; Layard et al.,
2005) entail that unemployment follows the long-run equilibrium in the long
term, which is determined by long-term conditions a�ecting wage and price
formation such as labour market institutions, trade unions, taxes, legislation
and the conditions for competition in service and product markets (cf. Rogerson
et al., 2005). In the short run, unemployment is determined both by equilib-
rium unemployment and short-term events, such as unanticipated shocks that
a�ect the demand for and supply of labour. If there are multiple unemployment
equilibria, the movement between these equilibria may be a�ected by short-term
events, such as unanticipated shocks or psychological shifts, pushing unemploy-
ment between equilibria. Farmer (2010) argues that such psychological shifts
in a theoretical model may be described as a fundamental long-run factor (cf.
Farmer, 2012).

Empirical analysis of unemployment often focuses on the relationship between
explanatory variables and the long-term development of unemployment, with
the aim of capturing equilibrium unemployment. However, there is no con-
sensus on how to do this optimally (see papers 3 and 4).

One method to separate the short- and long-term e�ects of an explanatory
variable is band spectrum regression, which allows for a separation of the rela-
tionship between variables over di�erent horizons (Engle, 1974). For instance,
say we wish to test the e�ect of an explanatory variable, x, on unemployment,
u, and wish to separate the e�ects that x may have on unemployment in the
short and long run. The regression model would then look like the following:

ut = β1x
SR
t + β2x

LR
t + εt (5)

where ut is unemployment at time t, and xt is divided into short- and long-run
components: xSR

t and xLR
t . The βs are the coe�cients we wish to estimate, for

instance by OLS regression, and εt is the error term.
To be able to estimate equation 5 we must decompose data on x into short-

and long-run components. One such method is the HP �lter, mentioned above.
The HP �lter technique decomposes a time series into two components: one
�trend� component and one �cyclical� component. The quotation marks are
used here to underline that these components are only words � we can observe
cyclical patterns in the world, but that is not necessarily a proof of some theory
of why an economy moves in cycles.

The estimated HP components are determined by the value chosen for the
term λ. It shapes the smoothness of the trend component. If we set λ high
enough, the trend component will become more linear. If we set λ lower, the
trend component will become more like the cyclical component.

However, there is no reason why the economy should be divided into just
two components, instead of three or more. An alternative to the HP �lter is
then to use wavelet methods. Wavelet transform is a mathematical tool that
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can be used on a time series to separate it over di�erent time horizons. Unlike
the HP �lter, wavelet transformation can decompose the time series into more
than two components. The cyclical components may change size and shape over
time. The method and its application within social sciences is relatively new,
but rests on older ideas such as spectral analysis (for introductions to wavelet
analysis see Percival and Walden 2006; Crowley 2007; Andersson 2008, 2016).

In paper 4 we work with discrete time series with one observation per year, so
if our time series vector is X it has length N , where N is an integer. If we have
a time series that is de�ned over the whole real line, we could, for instance, use
a continuous transform. Using a wavelet transform, W, to transform X, we can
write the transformation as W = WX, where W is a column vector of length
N , containing a set of discrete wavelet coe�cients and a scaling coe�cient.

There are di�erent functions that de�ne wavelets, and thereby the wavelet
coe�cients in the transform matrix (for a more detailed description, see paper
4). In the paper we use a wavelet transform that decomposes our time series yt
into 6 components, such that

yt = D1t +D2t +D3t +D4t +D5t + St (6)

where St is a smooth trend. The sum of the components on the right-hand side
of equation 6 is equal to the original time series on the left side of the equation,
yt. We now have six components, which we sum into three parts. For the short
term, we use cycles that cover 2� to 8-year �uctuations = D1t + D2t. For the
medium term, we use 8� to 32-year �uctuations = D3t +D4t. For the long term
we use 32+ year �uctuations = D5t + St.

As long as y is stationary, the trend component S will also be stationary. As
discussed in paper 4, one of our primary variables of interest (capital formation,
k) may not be panel stationary. The cyclical components are, still stationary
however, so by excluding the trend component, S, in the long-run component for
capital formation, kLR, we get a panel stationary variable. So for our primary
analysis, we calculate kLR by using D5t, which contains 32� to 64-year �uctu-
ations. The short-, medium- and long-term components can then be used to
analyse how �uctuations in capital formation and other explanatory variables
a�ect unemployment over di�erent time horizons.

4.5 Caveats regarding causality

In papers 2, 3 and 4, we present analyses of correlations between unemploy-
ment and other macroeconomic variables and discuss possible interpretations of
these results. However, it is hard to say whether there is an actual causal rela-
tionship between variables. There is no easy solution to this problem. We use
some simple methods to at least approach a discussion on causality. There are
also several other methods for discussing correlations and causal interpretations
available in the literature that are not used in this thesis.

One common method is to estimate correlations between variables on lagged
values. Granger (1969) argues that such regressions would then suggest to what
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extent a time series may be able to predict another, and decide �the direction
of causality�. Even if this is not a test of causation in the literal meaning of the
word, this method is often used as a basis for such discussions on time series,
so-called Granger causality.

Another method is to use an exogenous instrument variable, which causes
variation in an endogenous explanatory variable but is exogenous to the depend-
ent variable. Truly exogenous instruments are however hard to �nd (Imbens and
Angrist, 1994; Angrist and Pischke, 2009).

A related method for dynamic panel models (panel models with lagged
variables of the dependent and explanatory variables) is the one proposed in
Arellano and Bond (1991) for a generalized system of equations. Here, �rst
di�erences can be used to eliminate the individual e�ects, generating valid in-
struments for the explanatory variables. However, all estimators of this kind
are limited to di�erent types of datasets, while the Arellano-Bond estimator �ts
best for datasets with many countries and few years (big i, small t in equation
4) (cf. Baltagi, 2013).

5 Summary of the papers

This section summarizes the analyses in each paper and provides a general
overview of the results.

Paper 1: �The Business Cycle in Historical Perspective: Reconstruct-

ing Quarterly Data on Swedish GDP, 1913�2014�4 In the �rst paper, we
study the Swedish business cycle in the period 1913�2014. The paper presents
an estimation of quarterly GDP for Sweden by disaggregating annual GDP using
a monthly series on industrial production from Sjölund and Wiklander (2003)
and Statistics Sweden, based on common methods for temporal disaggregation
(cf. Sax and Steiner, 2013).

While several long historical annual time series have been presented in the
existing literature, more high-frequency data, such as quarterly GDP, is less
common. The new quarterly series on GDP is used to present a new chronology
of recessions and expansions over the business cycle in Sweden in the period
1913�2014 and compare this to earlier research.

To identify recessions and expansions, peaks and troughs, we apply the Bry-
Boschan (Bry and Boschan, 1971) algorithm (cf. Romer, 1994; Watson, 1994).
Several �uctuations are identi�ed in the quarterly data that are not visible in the
annual series, such as at the outbreak of World War 1 in 1914, a second recession
during the Great Depression of the 1930s, as well as recessions during the early
1960s and 1970s. Most of the recessions identi�ed by this study correspond
well with earlier research using similar methods (Christo�ersen, 2000; Bergman,
2011), as well as studies using other methods (Edvinsson, 2005) and on closely
related issues, such as economic crises (Jonung, 1994; Holm, 2007).

4Published in The Journal of European Economic History 2018/1: http://www.jeeh.it/

articolo?urn=urn:abi:abi:RIV.JOU:2018;1.33 (Edvinsson and Hegelund, 2018)

24



Paper 2: �Testing Okun's law on di�erent frequencies: Reconstruct-

ing monthly unemployment and GDP for Sweden 1913�2014�5 The
second paper analyses Okun's law by comparing monthly data on GDP and un-
employment in Sweden in 1913�2014. Monthly GDP and unemployment series
are estimated using temporal disaggregation, with the method described by
Chow and Lin (1971) and monthly data on industrial production from Sjölund
and Wiklander (2003) (also used in paper 1), data on international trade from
public records and di�erent measures on unemployment.

While variations in GDP and unemployment are common, relatively few
studies have been published on monthly data. Using the new estimated data,
we test three version of Okun's law, using monthly, quarterly, annual and 5-year
values:

1. The di�erence version: change in unemployment as a function of change
in GDP, such as

∆ut = α1 + α2∆yt + εt (7)

2. The dynamic version, which is the same as the di�erence version but with
the addition of lagged values of u and y.

3. The gap version: deviations from the long-run unemployment trend as a
function of corresponding deviations from GDP trend, such as

yt − y∗t = β1 + β2 (ut − u∗t ) + εt (8)

While the study �nds a robust negative relationship between unemployment
and GDP growth (di�erence and dynamic version), and also between deviations
from trends (the gap version), the correlation coe�cients are much weaker for
monthly and quarterly data compared to annual or 5-year values. When com-
paring rolling regressions over smaller sub-samples, 13 years at a time (the same
length used in Okun 1962), estimations made using annual data show a statist-
ically signi�cant negative correlation over most of the period 1913�2014, while
most sub-samples of monthly and quarterly data do not result in statistically
signi�cant coe�cients.

Paper 3: �Can capital formation explain why unemployment has in-

creased since the 1970s in the OECD countries?� The third paper re-
visits the empirical debate on why unemployment has increased since the 1970s
in many OECD countries. To contribute to this debate, we use data on 35
countries for 1961�2017.

While the analysis focuses on capital formation, we also make use of data
on long-term interest rates, terms of trade and a selection of common measures
of labour market institutions, such as unemployment replacement rate and av-
erage tax wedge. Research design and choice of variables and data is in�uenced

5Forthcoming in Rodney Edvinsson, Tor Jacobson, and Daniel Waldenström (eds), Histor-
ical Monetary and Financial Statistics for Sweden, vol. 3, Sveriges Riksbank.
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by earlier research (cf. literature reviews in Bassanini and Duval, 2006; Stock-
hammer and Klär, 2011). We discuss the robustness of the correlation between
unemployment and capital formation by exploring variations in the correlations
across countries and time, as well as interaction e�ects between capital forma-
tion and the other explanatory variables.

While several studies on unemployment in the OECD countries have been
published in recent years, few of them make use of data on capital formation or
cover the period since 2008 (Stockhammer et al., 2014). Those studies that do
focus on capital formation seldom use data on labour market institutions. While
several earlier studies have focused on interaction e�ects between institutions,
it is unusual to �nd results on interaction e�ects between capital formation and
labour market institutions and real interest.

The results from this study indicate that three variables were of importance
for the development of unemployment in OECD countries: tax wedge, long-
term real interest rates and capital formation. Tax wedge is one of the variables
pointed out as important to unemployment by several earlier studies (cf. Scar-
petta, 1996; Elmeskov et al., 1999; IMF, 2003; Bassanini and Duval, 2006). It
is interesting to note here the robust results for real interest rates and capital
formation, considering the lack of attention these variables have received in the
literature so far. Neither of them are identi�ed as central in in�uential theoret-
ical models on equilibrium unemployment (Pissarides, 2000; Layard et al., 2005).
We �nd indications of variations in the correlation between unemployment and
capital formation across time, and some minor variations across countries, but
no strong support for interaction e�ects between capital formation and the other
explanatory variables.

Paper 4: �What determines unemployment in the long run? Band

spectrum regression on ten countries 1913�2016�6 The fourth paper in
this thesis focuses on the long-run impact of macroeconomic conditions on un-
employment and makes use of an unbalanced panel dataset on ten countries for
the period 1913�2016. Wavelet analysis and band-spectrum regression is used to
separate short- and long-run e�ects and test the correlations over di�erent time
frames. We construct a new longer time series on annual unemployment and are
therefore able to study a more extended period than several earlier studies. Our
primary variables of interest are GDP growth, total factor productivity growth
and capital formation. While we �nd a robust negative correlation between un-
employment and long-term shifts in capital formation, we �nd no reliable results
for the other variables. As part of the robustness analysis, we also include a
selection of institutional variables. This study is, to the best of our knowledge,
the �rst to use cross-country data for this entire time period. Combined with
our use of wavelet analysis, we show that there is a long-term relation between
capital formation and unemployment (cf. Stockhammer and Klär, 2011).

6Published as working paper in Lund Papers in Economic His-
tory 2019:203: https://portal.research.lu.se/portal/en/publications/

what-determines-unemployment-in-the-long-run(c32ea6fa-7b88-4a5e-bc3a-feffaf2f687c)

.html (Hegelund and Taalbi, 2019)
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5.1 Similarities and di�erences in the papers

Papers 1 and 2, illustrate how it is possible to obtain new, signi�cant and more
detailed information on the economy using simple standard methods of temporal
disaggregation to estimate monthly and quarterly data. In paper 1, we compare
di�erent standard methods for doing this but since we only use one indicator
variable, an index on industrial production, the estimated quarterly data are
highly similar using all methods. Paper 2 instead focuses on the commonly
used method of temporal disaggregation presented in Chow and Lin (1971).

While the methods of temporal disaggregation overlap between these two
papers, paper 1 only uses industrial production to estimate quarterly GDP,
while paper 2 uses data on both industrial production and international trade.
As part of that work, paper 2 also presents a selection of trade data from public
archives.

Papers 2, 3 and 4, study the relationship between unemployment and mac-
roeconomic activity. All three papers �nd a robust correlation between unem-
ployment and macroeconomic activity (such as a negative correlation for real
GDP and capital formation). All three papers also �nd variations in the correl-
ations across time, and papers 3 and 4 �nd some indication of variations in the
correlation across countries.

Di�erent variables spanning di�erent countries and periods are used in all
three papers. Paper 2 focuses on Sweden in 1913�2014 but only on real GDP.
Paper 3 focuses on 35 high-income countries in the period 1961�2017 and makes
use of data on capital formation, real interest rates, terms of trade and a se-
lection of labour market institutions, highlighted by earlier research, such as
union density, unemployment replacement rates and taxes. Paper 4 focuses on
ten countries in the period 1913�2016 and data on GDP, capital formation and
total factor productivity. Most of the data used in paper 3 are from o�cial
statistical o�ces. Paper 4 also makes use of data from earlier research by eco-
nomic historians and others. The advantage of the underlying data in paper 3 is
its higher level of comparability, but the disadvantage is the shorter time span
compared to paper 4, which by itself explains the need for two di�erent papers.

The three papers studying unemployment also di�er in method and research
design. Paper 2 focuses on Okun's law, following the research design from Okun
(1962), such as testing how a change in unemployment correlates with a change
in real GDP, but in this case using monthly data. Paper 3 focuses on annual
data on unemployment and capital formation, testing cross-country time series
panel models, such as the two-way �xed e�ect models described above. The
dependent variable is the trend component from the HP �lter, used on annual
data on unemployment. This unemployment trend is a proxy for equilibrium
unemployment (cf. Ball and Mankiw, 2002). In paper 4, we apply wavelet
analysis to decompose our explanatory variables.
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6 Concluding remarks

6.1 General conclusions from the papers

As discussed in sections 2 and 4.4, it is hard to identify cyclical macroeconomic
patterns given various source-critical considerations of the data and that various
theoretical or methodological choices could have an impact on the results. In
paper 1 and 2, we demonstrate how methods of temporal disaggregation can be
used to reveal new information about the economic development and business
cycles. Using our new estimation on quarterly GDP, in paper 1 we present a
new chronology which we compare with earlier research. While this comparison
con�rms several earlier results, such as the timing of some recessions (Chris-
to�ersen, 2000; Holm, 2007; Bergman, 2011), it also identi�es new recessions
(Jonung, 1994; Schön, 1994; Edvinsson, 2005), such as during the 1950s, 1960s
and 1970s. Our quarterly data are of higher frequency than those used in sev-
eral earlier studies. So while the di�erences in results are natural, they should
also be taken into consideration in future research on the economic history of
Sweden.

In in�uential versions of theoretical models of unemployment equilibrium
(Pissarides, 2000; Layard et al., 2005) shifts in macroeconomic activity, such
as the short- to long-term variations in capital formation (papers 3 and 4) or
developments in long-term real interest rates (paper 3), are only considered im-
portant as one among several factors through which unanticipated short-term
events may a�ect short- and medium-term unemployment. Deviations from
a unique unemployment equilibrium are at most prolonged in the presence of
hysteresis/persistence (Roed, 1997). However, papers 2 and 3 �nd correlations
between unemployment and variations in macroeconomic activity (real GDP,
capital formation and the long-term real interest rate) that indicate a connec-
tion, at least over the medium term. That is, the results seem to indicate a
relation that goes beyond short-term business cycle variations. The results in
paper 4 indicate an even more long-term connection between unemployment
and capital formation.

Papers 3 and 4 also estimate correlations for several measures of labour
market institutions, which are often highlighted as central to the development of
unemployment in empirical (Bassanini and Duval, 2006) and theoretical models
(cf. Rogerson et al., 2005). The only �nding to indicate any support for such a
story for unemployment in high-income countries in this thesis is the correlation
between unemployment and the tax wedge (see paper 3). This result is robust
and indicates that the tax wedge is vital to our understanding of the development
of unemployment. However, considering the non-robust results for the other
variables tested in the analyses, the overall picture does not support the highly
in�uential idea that the development of unemployment in these countries in
recent decades, and the overall increase since the 1970s, can be easily explained
by institutional design (cf. Layard et al., 2005).

Policy advice based on the popular theories of unemployment equilibrium
and corresponding empirical studies (the institutional story described in section
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2) often focus on the design of labour market institutions and to some extent on
the conditions for competition in product and service markets (cf. Ljungqvist
and Sargent, 1998; Layard et al., 2005). Policy advice based on theoretical mod-
els with multiple unemployment equilibria and corresponding empirical studies
(the shock story in section 2) instead often focus on the importance of demand
management, such as using �scal and monetary policy, or various actions to
promote long-term shifts in growth or capital formation (cf. Broadberry, 1983;
Stockhammer and Klär, 2011). However, as discussed in papers 2, 3 and 4,
several results in this thesis indicate that even if a general pattern, over long
periods and many countries can be observed, that there is a negative correlation
between unemployment and economic activity such as capital formation, we also
�nd variations in this correlation over time and to some extent across countries.
While our results are important for our understanding of the economic history
studied here, the results do not support any one-size-�ts-all solution for redu-
cing unemployment. In addition, even if we accept that an increase in economic
activity would decrease long-term unemployment in all the countries studied,
how this might be achieved through policy measures remains an open question.
That is, our results do not show whether the government should turn to ex-
pansionary �scal or monetary policy, perhaps combined with budget de�cits, or
whether the most e�ective policy would be to boost private consumption and
investment by reducing taxes.

6.2 Future research

The four papers in this thesis present new data series on several variables and
of di�erent frequencies for Sweden and several other countries, spanning over
100 years. The papers also answer a number of empirical questions motivated
by a long tradition of theoretical and empirical debate on issues at the centre
of both the historical and the macroeconomic debate regarding macroeconomic
activity and labour market outcomes. This section outlines possible avenues for
future research.

6.2.1 Unemployment theory

The results in papers 3 and 4 have several potentially signi�cant implications
for unemployment theory. A correlation between unemployment and capital
formation, beyond the most short-term time horizon, may �t relatively well
with models with a unique unemployment equilibrium, if we take into account
the presence of hysteresis/persistence (Bean, 1994; Roed, 1997). However, we
have to assume very strong hysteresis if we wish to explain results such as
these using the in�uential equilibrium unemployment models (cf. Galí, 2015).
This indicates that we need extended versions of these models that better �t the
development of unemployment in OECD countries throughout the 20th century.

What kind of models would be the most useful is beyond the scope of this
thesis, but some examples may su�ce as illustrations. For instance, Galí (2016)
proposes a New Keynesian model with insider-outsider labour markets and
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strong hysteresis. Numerous earlier studies (cf. Broadberry, 1983; Smith and
Zoega, 2009) have pointed out theoretical models with multiple steady states
(Acharya et al., 2018) or equilibria (cf. Manning, 1990; Pissarides, 1992; Farmer,
2010) as a general explanation for the correlation between unemployment and
economic activity.

However, there are numerous di�erent technical arguments for why there
might be multiple equilibria. Research on this issue is in some publications
framed as a discussion between �heterodox� and �mainstream� economics (Stock-
hammer, 2008; Lavoie and Hein, 2015). It is probably more fruitful to describe
this as a discussion regarding the assumptions, and therefore the technical de-
tails, of theoretical models (cf. Weitzman, 1982; Skott, 1985; Weitzman, 1985;
Davidson, 1985a,b). The question can then instead be framed as a scienti�c
problem and tested empirically, rather than as something researchers can as-
sume or not assume (cf. Sigurdsson, 2013; Christodoulakis and Axioglou, 2017).

In the papers in this thesis that study the correlation between unemployment
and macroeconomic activity, theoretical models with more than one unique
equilibrium might be one of several explanations for the empirical results. A
natural opening for future research would thus be to study the characteristics of
the economies in these aspects, such as the responsiveness of wages and prices
to shocks, which might indicate hysteresis (Bean, 1994), the returns to scale in
production, which is one of several possible reasons for the existence of multiple
equilibria (Manning, 1990), or the behaviour of the search and matching process
in labour markets (Diamond, 1982, 2011).

6.2.2 Analysis of unique historical processes could bene�t from the-

ory

The work presented here consists of data collection, data reconstruction and
statistical analysis. In this thesis econometrics are used together with probab-
ility theory to test theories. The underlying logic for this is that a selection of
comparable observations may be used to run probability tests, which may help
to understand whether a correlation is the product of chance. Econometrics is
sometimes described in opposition to historical methods, which instead recom-
mend logic reasoning and narratives (Torstendahl, 1971; Stone, 1979; Gaddis,
2004), or as inappropriate for analysis of historical events (Boldizzoni, 2011;
McCloskey, 2013). While this thesis makes use of a di�erent perspective on eco-
nometrics, there is a possible bridge between the historical approach that sees
most past processes and events as unique and the kind of econometrical analysis
spanning long time periods presented in this thesis. For instance, Gaddis (2004,
e.g. ch 5) compares the historical method to mathematical systems without
unique solutions, such as the three-body problem in physics. However, such
theories are comparable to theoretical models with more than one unique equi-
librium and similar theoretical ideas, such as path dependency, i.e. that earlier
events may be important for future outcome and how causal relationships works
at di�erent points in time. For example, Ebbinghaus (2005) discuss whether the
development of institutions can be explained by path dependence and di�erent
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ways to frame and understand such discussions. Theories and models on mul-
tiple equilibria or path dependence has been used not only for labour markets,
as discussed in this thesis (Diamond, 1982; Acharya et al., 2018), and economic
growth (Sachs et al., 2004; Azariadis and Stachurski, 2005) but also in other
�elds, such as gender studies (Esping-Andersen et al., 2013) and studies of class
con�ict (Mehrling, 1986). Historical research that focuses on unique processes
might therefore gain from theoretical discussions on multiple equilibria, in the
same way as the essays in this thesis use theories with multiple equilibria to
motivate the empirical analyses.

6.2.3 The need for more data on national accounts

A large share of this thesis explores the development of national accounts in
Sweden (papers 1 and 2) and also presents new estimates of unemployment in
nine other countries (paper 4). The choice of Sweden is partly motivated by the
knowledge of local statistics, as well as the supply of detailed data on national
accounts (cf. Edvinsson, 2005, 2013). However, this thesis does not present
more detailed high-frequency data on the di�erent components of GDP, such
as consumption, investment, exports and imports, which is a natural subject
for future studies. Besides uncovering new information about the economy, this
would also verify the quality of the series presented in this thesis.

The new data in this thesis also open up opportunities for more historical
research. For instance, the new data series covers several notorious episodes
during the period, such as the World Wars, the Great Depression and other
�nancial crises. A more detailed study of such events using our new data would
open up a wide range of issues in each country that our data series covers,
as well as comparisons between these countries, such as Sweden and the other
high-income countries included in paper 4. For example, with the use of the
estimated monthly data on GDP and unemployment it is now possible to study
in more detail the early to mid-20th century, including during events such as
the Great Depression and the World Wars.

6.2.4 The need for more data on labour market institutions

Papers 3 and 4 include an analysis of unemployment, capital formation and
a selection of variables which the literature often describes as �labour market
institutions�, such as unions and taxes. Earlier studies on the subject in�uenced
the research design and the choice of data. Nevertheless, it is also well-known
in the literature that these measures are coarse measures for all the information
that might potentially be of interest for unemployment. When using aggregate
averages, we may miss information on variations between geographical regions
and di�erent sectors of the economy. It is also well-known that a lot of this data
primarily captures legislation, rather than detailed variations in actual labour
market practices (cf. Eichhorst et al., 2008). In addition, most of the measures
used in this kind of research today seldom stretch further back than 1955 (cf.
Allard, 2005; The Swedish Institute for Social Research, 2015).
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One possibility for future research might then be to collect more data on the
institutional contexts and factors. Such additions might alter our knowledge
of how the labour market works, as well as economic historical developments
in the time periods studied in this thesis. This would be of wider interest to
historians, economic historians and economists more generally.
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