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Abstract
This paper examines how the legal framework and macroeconomic envi-
ronment impact cartel births and deaths. To avoid the inherent sample
selection bias of prosecuted cartel studies, we use a unique dataset cov-
ering the population of Swedish legal cartels registered between 1947 and
1993. We explore the gradual tightening of Swedish competition law to
study cartel dynamics. We first consider a count model focusing on the
observed cartels. We then apply a hidden Markov model, which considers
that cartel activity may have been imperfectly observed, since the prob-
ability of observing cartels varied with the register’s efficiency. We find
that the various competition laws had an overall deterrent effect, but new
industries became collusive after the law of 1982; both cartel births and
deaths are counter-cyclical; and higher interest rates increase cartel births
and decrease cartel deaths, but these relationships are shown to be non-
linear. Finally, we show that the likelihood of cartel survival is around
85%.
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1 Introduction
Cartel detection and deterrence are two of the main goals of competition

authorities worldwide, and a significant amount of resources is devoted to it.
Competition authorities have a range of tools at their disposal to detect, in-
vestigate and prosecute cartels. Despite the strengthening of competition law,
cartels continue to form, and little is known about the true population of cartels
and the determinants of cartel births and deaths.

This paper aims to analyze how the firms’ environment impacts the birth
and death of cartels. We draw on a gradual tightening of competition law, which
provides a rare opportunity to study how cartels react to changes in the legal
environment. We also offer new insights relating cartel dynamics to business
cycles and interest rates.

Our analysis is based on a completely new and extensive dataset covering
the population of legal cartels in Sweden between 1947 and 1993 enrolled in the
Swedish Cartel Register (SCR). We first use a count model, a standard mod-
elling approach in this field, to estimate the impact of the legal and economic
environment on the yearly number of cartel births and deaths. However, the
probability of observing cartels varied with the SCR’s efficiency, as its resources
to identify and register cartels changed over time and with the competition laws.
We therefore apply the hidden Markov model (HMM) framework developed by
Hyytinen et al. (2018) to address this issue.

We find that strengthening the competition law had a significant impact
on cartel births and deaths. The law was first strengthened in 1953 (with two
newly established regulatory bodies) and then again in 1956 (in particular, all
types of restrictive practices could be subject to scrutiny by the authorities).
As expected, both laws lowered the number of cartels in the economy (through
higher deaths with the first law change and fewer births with the second). How-
ever, we find that increasing competitive pressure did not always decrease the
cartel’s stability. In fact, the 1956’s law led to more stable cartels (a similar
effect was found by, e.g., Bigoni et al., 2012 finding that leniency programs
have both a deterrent and a stabilizing effect on cartels). Competition law was
then strengthened again in 1982 (e.g., the Market Court was given the right
to counteract or dissolve cartel agreements). Under a count model framework,
we find that the 1982’s law decreases the number of cartel births and increased
the number of deaths for the (observed) registered cartels. However, under an
HMM framework which takes into account that the resources of the SCR to find
and register cartels decreased with the last law change, the deterrence effect of
strengthened competition law vanishes. This result suggests that even though
fewer cartels were observed after the introduction of the 1982 law, cartels may
have continued to form, but the SCR had few resources to find and register
them.

We also analyze the relationship between cartel dynamics and business cy-
cles. We find that cartels tend to form and break up during unstable output
periods (with a stronger effect under negative shocks), and both cartel births
and deaths appear to be counter-cyclical. Interest rates, a proxy for the discount
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factor, are negatively correlated with cartel deaths and positively correlated with
cartel births.

There is a large literature on the determinants of cartel formation and
breakup, and we make three main contributions to this literature. First, to
the best of our knowledge, we are the first to provide empirical evidence on
the impact of a gradual strengthening of competition policy on cartel births
and deaths. We exploit the variation in the institutional framework when car-
tels are legal to overcome the usual issue of sample selection bias. As such,
we contribute to the empirical literature on the effect of legislation prohibit-
ing collusion. This literature is scarce and conflicting (Levenstein and Suslow,
2006). Many previous studies focus on the National Industrial Recovery Act of
1933, which effectively legalized collusion in many industries in the U.S. Differ-
ent studies have found opposite results on whether the law facilitated collusion
(e.g. Alexander (1994); Krepps (1997); Bittlingmayer (1995); Taylor (2002)).
Symeonidis (2002) studies the adoption of the Restricted Trade Practices Act
in 1956, intended to enforce competition in the UK. He finds that the ban on
cartels increased collusive practices. In the same manner, this paper also com-
plements the extensive literature on illegal cartels and cartel legislation.1 We
find that more stringent competition policy can deter cartels and hinder cartel
stability only if authorities are able to monitor cartels (i.e, in our setup, this
depends on the register’s efficiency).

Second, we add to the strand of literature on how cartels’ birth and death
are affected by business cycles. Cartels might be more likely to form in periods
of high industry growth, as there is more to gain from collusion. Green and
Porter (1984) showed theoretically that unexpected recessions decrease cartel
stability, since a deviation from a member cannot be differentiated from growth
shocks. Empirical evidence on this issue is mixed. Some studies have found
that collusion is pro-cyclical (e.g. Bagwell and Staiger (1997); Suslow (2006);
Hyytinen et al. (2018)), others, counter-cyclical (e.g. Fabra (2006); Ghosal and
Sokol (2016)). However, Levenstein and Suslow (2016) examine 247 US car-
tels (1961-2013) and find no statistically significant relationship between cartel
births, deaths and GDP shocks. We provide further insights into this question,
by separating between positive and negative shocks.

Third, large interest rates have been shown to be inversely related to a firm’s
discount factor and can therefore be interpreted as a proxy for impatience. The
literature has provided ambiguous evidence on the impact of interest rates on
cartels. While some authors suggest that higher interest rates decrease cartel
stability (Bó, 2007; Levenstein and Suslow, 2016) and cartel formation (Leven-
stein and Suslow, 2016), others suggest that it instead increases cartel stability
(Hellwig and Huschelrath, 2018) and cartel formation (Paha, 2017; Hellwig and
Huschelrath, 2018). Levenstein and Suslow (2011) find no relationship with car-
tel duration when examining 81 international cartels. Our findings suggest that
the effect of interest rates on the number of cartels in the economy is twofold:
they increase cartel births, but also increase cartel survival.

1See Marvão and Spagnolo (2018) for a survey of the literature.
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We also add to the empirical and theoretical debate on the relationship be-
tween cartel stability and product homogeneity, given that homogeneity impacts
both the incentives to undercut the rival firm(s) and their ability to retaliate.
Product or firm homogeneity in terms of cost structures, market shares or size,
should facilitate collusion as it makes the market more transparent and defection
from an agreement is more likely to be detected and punished (DOJ 2010 Merger
guidelines2, Jacquemin et al. (1981); Tedeschi (1994); Raith (1996); Pepall and
Norman (2014); Hackner (1994); Levenstein and Suslow (2006); Hyytinen et al.
(2018)). There are, however, many cartels forming over heterogeneous products
(e.g. the EC elevator cartel case). Additionally, firm and/or product homogene-
ity can weaken cartel stability as it may create a struggle for power and control,
firms may not be able to adjust to economic fluctuations as easily or the cost
of maintaining collusion may be too high (Deneckere, 1983; Chang, 1991; Ross,
1992; Eswaran, 1997; Thomadsen, 2007; Bertrand and Lumineau, 2016).

This paper is related to the methodological discussion on the issue of sam-
ple bias in prosecuted cartel studies. Cartel studies are often hampered as the
lack of data on undetected cartels inevitably creates an issue of sample selection
bias. Further, even for discovered cartels, most studies rely on data gathered
during the investigation and not necessarily the real data. For example, empiri-
cal studies use the duration for which the cartel was convicted and not its actual
duration. To the best of our knowledge, this issue has only been examined the-
oretically. For example, Harrington and Chang (2009) and Harrington and Wei
(2017) study what the duration of convicted illegal cartels reveals about the
effect of competition policy on the latent rate of cartels and the duration of all
cartels.

Due to limited access to data, the literature on legal cartels is scarce. The
closest paper to ours is Hyytinen et al. (2018), which develops a HMM modeling
structure to model collusion across a panel of markets. They use the framework
to analyse the prevalence of cartels in the Finish manufacturing industry, us-
ing data on 898 cartel agreements.3 Our study is the first to apply this HMM
framework to study determinants of cartel dynamics, in particular to the legal
environment.

Our study appears to be the first to use different modelling approaches to
examine the determinants of the number and probability of cartels’ birth and
death. This allows us to provide new insights on why cartels form and break
apart. The two models (count model and HMM) yield largely consistent results,
in particular for the first decades of our study. Given our rich dataset, we are
also able to provide the first estimates of the probabilities of cartel formation
and survival for the whole economy. We find that there is a low probability

2“coordinated conduct” is more probable “if products in the relevant market are relatively
homogeneous” (DOJFTC (2010), paragraph 7.2.)

3Markov models have previously been used by Porter (1983), Lee and Porter (1984), and
Ellison (1994) to study cartels. These studies all study a single cartel, the Joint Executive
Committee railroad cartel in the US in the 1880s. Porter and Lee and Porter use a set up
with two states: collusion and price war. Extending on these studies, Ellison applies a model
of hidden regimes with Markov transitions to identify secret price cuts.
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that new cartels form in industries with no prior cartels (3%), but once formed,
cartels have a high probability of persisting (85%).

Very few studies have focused on legal Swedish cartels. Descriptive statis-
tics of a subset of the register have been provided by Fölster and Peltzman
(1995), Ciarreta (2010) and Berg (2012). These papers measure the effects of
cartels and regulation on prices, output and productivity. Berg (2012) uses a
very limited sample of 300 Swedish cartel agreements (corresponding to 9%)
and analyzes the features of the institutional design and characteristics of these
cartels. Le Coq and Marvão (2019a) describe the SCR dataset in detail and
Le Coq and Marvão (2019b) use the complete SCR to examine the survival rate
of the cartel members.

While the SCR ended in 1993, many cartel registers remained active until
recently, such as in Pakistan (1970-2010), Austria (1951-2006) and India (1969-
2002).

The SCR covers the entire Swedish economy between 1947 and 1993. Since
then, globalization and technological advances have possibly changed the econ-
omy and firms’ behavior. However, it is reassuring that cartels convicted by
the European Commission and US Department of Justice continue to occur in
similar industries4 and many of the firms in the SCR continue to be fined for
illegal collusive behavior.5 Therefore, we believe that the external validity of
the results is not harmed by this.

Legal and illegal cartels share many similarities. The agreements should be
profitable and incentive compatible (i.e., deviating from the agreement is not
profitable). Detection devices and punishment schemes to prohibit deviation
are present in both. Further, Le Coq and Marvão (2019a) show how the main
cartel characteristics such as the number of cartel members and cartel duration
are, on average, similar to cartels currently convicted by the European Commis-
sion or the U.S. Department of Justice. The main differences between legal and
illegal cartels are that illegal cartel members are unlikely to sign a contract and
if they do, this is not enforceable in a court of law, illegal cartel members cannot
establish a formal organization to run the cartel, and they cannot publicize the
cartel practices.

Given the above, we consider that our results on the determinants of cartel
births and deaths shed light on how cartels form or breakup given the chance to
do so freely. Further, since the current literature suggests that cartel enforce-
ment is relatively weak (e.g., Marvão and Spagnolo (2016)), we contribute to
the debate on the need and adequacy of antitrust enforcement.

The rest of the paper is structured as follows. We first describe the Swedish
Cartel Register and the data in section 2 and section 3. We then present empir-
ical estimations of the determinants of the number of cartel births and deaths
(section 4) and of the probability of cartel formation and survival (section 5),

4See Levenstein et al. (2015) for a discussion on the historical prevalence of cartels at the
sector level.

5For example, Electrolux participated in 19 non-contemporaneous cartel agreements reg-
istered in the SCR. In 2018 it was fined by the French competition authority for a cartel
operating between 2006 and 2009. Many other similar examples can be found.
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where we account for imperfect observation of cartel activity. Section 6 con-
cludes.

2 The Swedish Cartel Register
The Swedish Cartel Register (SCR) was founded in 1946, had its first cartel

registered in 1947 and was active until cartels were prohibited in 1993. Over
the lifetime of the register, there were substantial changes to competition law,
placing increasing regulatory pressure on collusive practices. An overview of the
main legislative changes is presented in table 7, and described below in further
detail (see also Le Coq and Marvão (2019a)).

Legal framework and institutional development
Mapping and monitoring of cartels started in 1946, with the Law on mon-

itoring of restraints of competition6 and the establishment of a cartel register.
Registration began in 1947.

The first competition statute, the Law against restraints on competition7,
was enacted in 1953 and introduced three main changes. First, tender car-
tels and retail price maintenance were prohibited. Second, the authorities were
given the right to intervene in agreements deemed harmful to society, for ex-
ample if the agreement inhibited efficiency, set abusive prices, restricted other
firms’ operations or hindered technological development. To this aim, two new
authorities were formed, the Competition Ombudsman8 and the Free Trade
Council9 (later renamed Market Court). Third, the law allowed firms to report
anti-competitive agreements they were not part of themselves to the cartel reg-
ister.10

In 1956, there were two legislative changes. The Law against restraints on
competition11 replaced the previous laws, but it did not have significant de facto
changes. However, the Law on reporting obligations concerning price and com-
petition conditions12, stated that all restrictive practices could be subject to
contract renegotiation (Sandberg, 2016).

In 1978, a Governmental Committee proposed that price and market sharing
cartels should be prohibited.13 The proposal caused substantial controversy and
was strongly criticized politically, by both the private sector and the Swedish
Bar association (Berg, 2012). This suggests that an outright ban on cartels was
politically infeasible to implement at the time.

6Lag om övervakning av konkurrensbegränsning inom näringslivet (SFS 1946:448).
7Lagen om motverkande i vissa fall av konkurrensbegränsning inom näringslivet (SFS

1953:603), also known as Konkurrensbegränsningslagen (KBL).
8Näringsfrihetsombudsmannen
9Näringsfrihetsrådet, later Marknadsrådet and Marknadsdomstolen.

10This right was mainly used by firms to report competitors’ cartels (Sandberg, 2016).
11Lagen om motverkande i vissa fall av konkurrensbegränsning inom näringslivet (SFS

1956:244).
12Lag om uppgiftsskyldighet rörande pris och konkurrensförhållanden (SFS 1956:245).
13Ny konkurrensbegränsningslag, betänkande av konkurrensutredningen, SOU (1978:9).
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The law was updated again in 1982. The Competition Law14 did not prohibit
cartels, but it increased pressure on cartels. The authorities’ right to intervene
in competition restricting agreements considered “harmful” were expanded. In
particular, the Market Court was given the right to counteract or dissolve cartel
agreements (Konkurrensverket, 2004). However, more than 99 percent of the
cases were solved through negotiations, as the legislation contained few means
of sanction (Sandberg, 2016).

Sweden applied to become a member of the European Union in 1991, and in
1993, it fully incorporated the European competition law, prohibiting all types
of anti-competitive agreements, by introducing the second Competition law15.
At this time, the cartel register became obsolete and was closed down.

The registration process
The SCR provides a unique record of cartels in Sweden in the 20th century,

between 1947 and 1993. The goal of the register was to monitor and deter anti-
competitive agreements through self-regulation (Berg, 2012).

Upon request by the authorities, firms were required to register any compe-
tition restricting agreement on price, production or turnover that they were a
part of. Failing to register an agreement was punishable with pecuniary fines
or imprisonment of up to six months.

An anti-competitive agreement could be identified (and recorded) in four
ways. First, general requests were sent out to firms and industry organizations,
and firms then had to register any anti-competitive agreement that they were
part of. Second, the authority could identify anti-competitive agreements based
on information in newspapers and trade magazines. Third, special industry
investigations were conducted where the register investigated firms in certain
industries. Fourth, from 1953 onward, firms, usually non-cartel members, could
report collusive agreements between other firms to the SCR (Sandberg, 2016).

Following the identification of a cartel, the SCR sent out a standardized
form to its members, which contained questions about the agreement, price
lists, meetings, minutes and members. Any changes to the agreement were to
be reported to the SCR.

The Bureau of Monopoly Investigation16 was responsible for the monitoring
and registration of cartels between 1947 and 1956. During this period, the reg-
istration activity was the highest. The law changes in the 1950s raised concerns
that a ban on cartels could be implemented, such that firms may have been
reluctant in appearing in the SCR and therefore made sure to notify the SCR
once a cartel they were part of ended. Hence, the data on cartels in the SCR
is both more complete and less noisy in its first decade. In 1956, the Price and
Control Office took over the responsibility for the registration of cartels and
industry investigations.

The operation of the register expanded significantly during the first 20 years;
14Konkurrenslag (SFS 1982:729)
15Konkurrenslag (SFS 1993:20)
16Monopolutredningsbyrån.
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between 1946 and 1955 the number of employees more than doubled. Still, the
authorities lacked resources and personnel and, as a consequence, had to pri-
oritize. Industry investigations were ranked and carried out based on urgency.
In the late 1940s and 1950s, the manufacturing sector was subject to the most
investigations and registrations.17 The focus of the authorities broadened over
time, and investigations and registrations were eventually made in all sectors
of the economy. These resulted in many cartels in a particular industry being
registered at once. However, the pattern of initial registrations suggests that
“authorities undertook investigations more or less randomly” (Sandberg, 2016).

Up until 1982, the cartel register had been the main policy tool for compe-
tition authorities. With the 1982 law, however, the SCR got a more peripheral
role as the focus changed to actively counteracting cartels rather than simply
monitoring them (Konkurrensverket, 2004). The registering activity was espe-
cially low during the last years before the SCR was closed down.18

3 Data
Our data consists of the population of legal cartel agreements registered in

the SCR between 1947 and 1993. We complement the legal cartel data with
data on macroeconomic variables and industry characteristics. Table 1 provides
an overview of the variables included in our empirical approach (see Le Coq and
Marvão, 2019a, for a detailed description of the data and the data collection
process).

17Important special investigations in the early years of the SCR include agricultural ma-
chines (1947-1948), watches (1948-1948), the funeral industry (1948-1949), the glass sector
(1948), energy and sanitation, newspapers.

18The registering activity continued, but none of the anti-competitive agreement registered
after 1982 classify as a cartel agreement. The majority of the agreements registered after 1982
were exclusive agreements or transfer agreements with non-compete clauses.
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3.1 Birth and Death of a cartel
We use OECD’s definition of a (hard core) cartel19: “Hard core cartels refers

to anti-competitive agreements, concerted practices or arrangements by actual
or potential competitors to agree on prices, make rigged bids (collusive tenders),
establish output restrictions or quotas, or share or divide markets by, for exam-
ple, allocating customers, suppliers, territories, or lines of commerce”.

Following this definition, 2318 agreements in the SCR are classified as car-
tels. As described in Le Coq and Marvão (2020), many of the registered agree-
ments do not classify as cartels, and are therefore excluded from our empirical
analysis. We exclude vertical agreements20 and agreements with no identifiable
competition-hindering clauses. Note that the register does not include cartels
in the banking and insurance sectors, as these industries were monitored by the
Bank and Insurance Inspection, respectively.

The SCR contains information on when cartels were enrolled and removed
from the register, the contract start and end dates, and the date when the car-
tels were first and last known to be active. In figure 1, we depict cartel births
and deaths. As in Hyytinen et al. (2018), we define cartel birth (henceforth,
CB) as the earliest year between the years of the contract start and when it was
first known by the authorities. If this information is not available, the cartel is
assumed to be born in the year that the agreement was enrolled in the regis-
ter.21 The cartel death (henceforth, CD) is defined as the earliest year between
the end of the contract and its withdrawal from the register.

In calculating the number of cartels born in 1946, we include both the 1946
cartels (i.e., 167 agreements) and the pre-1946 cartels (i.e., 486 agreements).
Similarly, in calculating the number of cartels that died in 1946, we include
both the 1946 cartels (1 agreement) and the pre-1946 cartels (3 agreements).
Note that for the HMM, we include the pre-1946 cartels but only consider their
activity from 1946 onward.

3.2 The legal environment
We examine how the law changes (described in section 2), which posed addi-

tional regulatory pressure on collusive practices, affect cartel births and deaths.
Each legal change is characterized by a dummy variable. During the studied
period, four main legal changes took place: the law against restraints of compe-
tition enacted in 1953 (law 1953 ), the two laws passed in 1956 (law 1956 ) – the
updated law against restraints of competition, and the law on reporting obliga-
tions concerning price and competition conditions – and the first competition
law established in 1982 (law 1982 ).

The key challenge when estimating the impact of the legal framework on
cartel formation is the possible reverse causality, as an increase of the number

19Recommendation of the Council concerning Effective Action against Hard Core Cartels
(2019): https://legalinstruments.oecd.org/en/instruments/OECD-LEGAL-0452

20We are not aware of any cartels fined by the EC or DOJ which are strictly vertical.
21Only in four cases, information on these three events is missing. We then model the cartel

birth based on the year the cartel was last known to be active.
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Figure 1: Number of births and deaths of registered cartels per year, SCR
1946-1993

of registered cartels may trigger stronger competition policy. We argue that,
given our setup, this endogeneity problem is unlikely to be severe.

First, the adoption of a law is the result of several discussion rounds between
different players at different points in time, where the number of registered car-
tels of a given year would not be a decisive variable. For example, in advance
of the 1953 law, a new law on monitoring competitive restraints in the business
sector was enacted in 1946. Before the 1978 law proposal to prohibit cartels,
the Price Control Act of 1970 imposed price freezes on agricultural products
(1970-71), goods and services (1971) and in the food sector (1973).

Second, Sweden was among the last countries to prohibit cartels. The real
push was only when the negotiations to join the EU started (i.e., in the late 80’s,
with an application submitted in 1991) and no cartel behavior was not accepted
within EU. Further, non-Swedish cartel members involved in the agreements
were mainly from countries where cartels were made illegal pre-1993 (e.g., car-
tels became illegal in Germany, Poland and Czechia in 1985, in the UK and
Denmark in 1989 and in Finland in 1992).

Third, we apply the IV heteroskedasticity-based estimator developed by
Lewbel (2018) to test for endogenous competition policies.22 The results of
the IV estimations suggest that endogeneity is not a concern, and the effect of
each of the policies remains significant.

22While the original method developed by Lewbel (2012) does not include a binary endoge-
nous variable, Lewbel (2018) develops the necessary conditions to do so and is used in several
studies (e.g., Le Moglie et al. (2015).
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3.3 The macroeconomic environment
The Swedish economy went through significant changes over the lifetime

of the SCR.23 We therefore explore the relationship between cartel dynamics
and total output using data on GDP.24 The GDP data comes from Edvinsson
(2014). We measure GDP in real terms, using a deflation index, from Edvinsson
and Söderberg (2014), and decompose GDP into a long-run growth trend (GDP
trend) and a cyclical component (GDP (pos.shock) and GDP (neg.shock)) to
account for the importance of business cycles.25 We apply a third order polyno-
mial of GDP trend to capture the possibility of non-linearity in the relationship
between the long run growth trend and cartel births and deaths. Figure 2 illus-
trates the trend and shocks in GDP over the lifetime of the register.

We also explore the role of interest rates, as a proxy for patience or discount
factor, as interest rates may affect collusive behavior by influencing how firms
value current revenue in relation to future ones.

We estimate the real interest rate by subtracting expected previous-year in-
flation from the nominal interest rate. For nominal interest rate we use data on
long-run government bond yield from Waldenström (2014) and inflation data
from Statistics Sweden. We include both a second and third order polynomial of
the real interest rate to capture any non-linearities in the relationship between
interest rates and cartel births and deaths.

3.4 The industry environment
The cartel agreements specify the product the firms colluded on. Based on

the qualitative information about the product covered by the contract and the
industry of the firm, we assign each cartel a 4-digit NACE code. If a cartel
colluded on products in more than one industry, we classify it to all industries
it was active in.26

Most cartels occurred in the manufacturing industry. Within this industry,
23During World War II, there was a shortage of imported goods and the Swedish government

took over the supply chain of key goods through rationing, which lasted until 1951. Contem-
poraneously, Sweden experienced rapid economic growth. Up until the 1970s, productivity
increased at an unprecedented rate (Vylder, 1996). In the 1970s, Sweden experienced a sharp
increase in inflation and industry concentration. To offset these, the Swedish government used
extensive price regulations to monitor prices and margins and capped prices. Consequently,
there was less of a need to control cartel activity (high prices were already addressed by price
regulations) and cartel regulation was weak. When in the late 1980s inflation increased again,
authorities instead focused on strengthening competition, rather than using price controls,
and many industries were deregulated.

24We also explore data on output at sector level using gross value added per sector, in
order to understand market rather than overall dynamics in the economy. These results are
unreported since they are mostly robust to this change, and we want to provide a picture of
the economy from the producers’ perspective (i.e., those entering cartel agreements.

25As in Levenstein and Suslow (2006), GDP is detrended using a Hodrick-Prescott (HP)
filter, resulting in the trend and cyclical components. We use a smoothing parameter (lambda)
of 6.25 as standard for annual data and following Ravn and Uhlig (2002).

26For the count model, we need to assign each cartel a unique industry code, which may
not always be feasible given the available information in the cartel agreement. The results are
however stable across different specifications. We discuss this further in the next section.
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Figure 2: GDP long-run trend and positive and negative shocks

Figure 3: Annual real interest rates

cartels regulating dairy products were the most common: 152 dairy cartels
operated over the lifetime of the register. Manufacturing is followed by wholesale
and retail, agriculture and electricity. Cartels were also common in construction
and personal services, such as hairdressers, driving schools, and funeral agencies.
A graphical representation of the sectors can be found in figure 4.

Each cartel is associated with a homogenous or a non-homogenous industry.
We apply the product homogeneity classification following Rauch (1999), based
on their 4-digit NACE code.27

27The industry classification for product homogeneity is based on the Standard International
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Figure 4: Distribution of collusive industries, SCR 1946-1993. Figure from
Le Coq and Marvão (2019a).

4 Birth and death of cartels and legal and eco-
nomic environments

The purpose of this paper is to understand how the firms’ environment
affects the population of cartels. We specifically look at how the legal and
macroeconomic environment affects the cartels’ life. In this section, we first
use a count model to study the yearly number of cartel births and deaths. In
section 5, we use a hidden Markov model (HMM) to examine the likelihood of
cartel births and deaths in a given industry, and check whether the count model
results are robust to this alternative framework.

4.1 The count model
To study the dynamics of cartels, we first use a count model. We apply

a Negative Binominal distribution to overcome the issue of equidispersion.28

Trade Classification system (SITC, revision 2) classification, while our cartel data is classified
based on NACE codes. To apply Rauch’s classification, we first convert the SITC codes
to ISIC codes and then turn these into 4-digit NACE codes. There are two versions of the
classification scheme - we use the more liberal one. The Rauch classification only covers goods,
but using the same classification, all service trade is classified as differentiated (Gaisford and
Kerr, 2008).

28In our data, the conditional variance for the birth and death rates are 130 and 51 times,
respectively, larger than the mean and their distributions display clear signs of overdispersion.
We also run a Poisson regression and test its goodness-of-it (we do this in Stata, with the
command “estat gof”). The value of the chi-square (307,426) is extremely large, which is
another indicator that the Poisson is not accurate. However, since the Poisson distribution
is more robust to distributional misspecification, we also test: (i) a Poisson Quasi-Maximum
Likelihood Estimator (QMLE) which relaxes the assumption of equidispersion; (ii) a Poisson
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We estimate the following Negative Binomial regression model for the expected
number of yearly cartel births (CB) or deaths (CD):

f(Xt|νt) = (νtµt)Xte−νtµt

Γ(Xt + 1) , where νt ∈ N

where X = {CB,CD} is the count variable; νt is an unobserved parameter with
a distribution Γ( 1

λ , λ), where λ > 0 is the over-dispersion parameter.29

µt = exp(xtβ), where Xt is a vector of law, macroeconomic and industry
regressors and β is a vector of parameters.

4.2 Regression analysis
The coefficients of the Negative Binomial regression are reported in table 2

for the expected number of cartel births and deaths. The reported coefficients
are in log counts, since the estimation uses maximum likelihood to model the
log of the expected count (number of cartel births and deaths per year) as a
function of the explanatory variables.

Columns (3) and (6) are the preferred specifications. For these specifications,
in table 3 we report the coefficients in terms of incidence rate ratios.30

We include industry fixed effects at the 4-digit NACE level. This ensures that
we base our inferences on within-sector variation in the remaining variables, thus
avoiding serious inferences arising from arbitrary sector-invariant heterogeneity
and/ or industry-wide trends.

We report the estimates of the log of the dispersion parameter (ln(λ)) as we
test for overdispersion (i.e., λ , 0). We also report McFadden’s pseudo R2.31

This cannot be interpreted like R2, but it is useful in comparing across the
various specifications.

Below, we describe the main results for each set of controls.

model with cluster-robust standard errors. In both, the results are identical.
29Note that if the model is not over-dispersed, λ = 0 and the equation becomes a Poisson

estimator.
30The coefficients in table 2 can be interpreted as the difference between the log of expected

counts (or the log of the quotient) (E.g. βlaw1953 = log(µlaw1953,0+1
µlaw1953,0

) = −0.004, where µ
is the expected count and the independent variable law1953 is evaluated at “0” and after a
one unit change). It is however more interesting to look at incident rate ratios rather than
coefficients. We do this by exponentiating our model coefficients in table 3.

31Values from 20% to 40% indicate an “excellent fit” of the model (McFaden, 1979).
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Table 2: Count estimates for yearly cartel births and deaths (CB,CD)
(Negative binomial)

(1) (2) (3) (4) (5) (6)
CB CB CB CD CD CD

law 1953 -0.350*** -0.154 -0.004 1.166*** 1.488*** 1.452***
(0.08) (0.09) (0.09) (0.01) (0.00) (0.01)

law 1956 -0.472*** -0.360*** -0.354*** -0.877*** -0.658*** -0.661***
(0.13) (0.11) (0.11) (0.06) (0.05) (0.05)

law 1982 -21.829*** -21.723*** -20.861*** 0.757*** 0.637*** 0.662***
(0.64) (0.64) (0.63) (0.05) (0.04) (0.04)

interest rate -0.033*** -0.003* 0.034*** -0.012*** 0.003*** -0.009***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

interest rate2 0.004*** -0.003*** 0.005*** 0.006***
(0.00) (0.00) (0.00) (0.00)

interest rate3 -0.001*** 0.000***
(0.00) (0.00)

GDP trend (/100) -4.779*** -6.617*** -7.987*** -9.286*** -11.484*** -11.438***
(1.64) (1.67) (1.61) (0.01) (0.04) (0.04)

GDP trend2 (/100) 0.031*** 0.037*** 0.043*** 0.041*** 0.048*** 0.048***
(0.01) (0.01) (0.01) (0.00) (0.00) (0.00)

GDP trend3 (/1000) -0.001*** -0.001*** -0.001*** -0.001*** -0.001*** -0.001***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

GDP (pos.shock)(/10) -0.569*** -0.421*** -0.217*** -0.060*** -0.037*** -0.046***
(0.03) (0.05) (0.04) (0.01) (0.01) (0.01)

GDP (neg.shock)(/10) -0.669*** -0.129*** 0.110*** -0.807*** -0.679*** -0.703***
(0.03) (0.02) (0.01) (0.01) (0.01) (0.00)

homogeneity NACE4 -0.083*** -0.074*** -0.076*** -0.021** -0.019** -0.019**
(0.03) (0.03) (0.03) (0.01) (0.01) (0.01)

active cartels lag (/10) 0.020*** 0.017*** 0.018*** 0.005** 0.005** 0.005**
(0.01) (0.01) (0.01) (0.00) (0.00) (0.00)

constant 6.311*** 7.567*** 8.520*** 9.725*** 11.269*** 11.231***
(1.05) (1.07) (1.02) (0.02) (0.01) (0.01)

ln(δ) 2.291*** 2.250*** 2.243*** 2.290*** 2.258*** 2.258***
(0.02) (0.01) (0.02) (0.00) (0.00) (0.00)

fixed effects NACE-4 NACE-4 NACE-4 NACE-4 NACE-4 NACE-4
N 108,946 108,946 108,946 108,946 108,946 108,946
log-likelihood -351,948 -351,065 -350,555 -471,483 -469,872 -469,789
McF.pseudo-R2 26.56% 26.74% 26.85% 11.09% 11.40% 11.41%

Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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Table 3: Count estimates for yearly cartel births and deaths (CB,CD)
(Negative binomial - incidence rate ratios for columns (3) and (6) in
Table 2)

(1) (2)
CB CD

law 1953 0.99596 4.27199***
law 1956 0.70212*** 0.51659***
law 1982 8.71e−10*** 1.93776***
interest rate 1.03509*** 0.99107***
interest rate2 0.99652*** 1.00614***
interest rate3 0.99920*** 1.00020***
GDP trend (/100) 0.00034*** 0.00001***
GDP trend2 (/100) 1.04347*** 1.04887***
GDP trend3 (/1000) 0.99933*** 0.99940***
GDP (pos.shock)(/10) 0.80470*** 0.95472***
GDP (neg.shock)(/10) 1.11632*** 0.49530***
homogeneity NACE4 0.92699*** 0.98166**
active cartels lag (/10) 1.01790*** 1.00454**
constant 5013.58747*** 75434.77845***
ln(δ) 9.42273*** 9.55954***
fixed effects NACE-4 NACE-4
N 108,946 108,946
log-likelihood -350,555 -469,789
McF.pseudo-R2 26.851% 11.413%

4.2.1 The legal changes
The different law changes in 1953, 1956 and 1982 had a significant effect on the

yearly number of cartel births (CB) and deaths (CD).
The first law change (law 1953 ) significantly decreased the number of cartels in the

economy by increasing the incidence rate of expected CD 4.27 times (while holding all
other variables in the model constant).32 This is not surprising, as tender and abusive
cartels were then prohibited.

The laws of 1956 (law 1956 ) decreased the incidence rate of CB by a factor of
0.70 but enhanced cartel stability (lowering deaths by a factor of 0.51). This is in line
with findings in the leniency literature (e.g. Bigoni et al. (2012) finds that a leniency
program improves antitrust effectiveness by strengthening deterrence, but it also sta-
bilizes surviving cartels).

The law of 1982 (law 1982 ) had a negative but negligible impact on CB. In fact,
no new cartels were registered after 1979. However, this law had a large positive effect
on CD.

To understand better the impact of legal changes on cartel dynamics, we run two
different robustness tests. First, we consider the deterrence effect of 1978’s law pro-
posal (SOU 1978 ) about the prohibition of cartel agreements. While this proposal
was in fine not included in the 1982’s competition law, we find that it nevertheless

32This is equivalent to saying that after the law of 1953, the difference in the logs of expected
counts of CD would be expected to increase by 1.452 units.
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had a significant effect on CB and CD. Controlling for this proposal in table 9, there
is an increase of the incidence rate for the CB’s (by around 0.09 times) and for the
CDs (by around 1.43 times). Given that there were no new cartel registers after 1979,
we remove the 1982 law variable from column (1).

In table 8 in Appendix A we present pairwise t-tests on the laws and law proposals
reflecting the incremental effect of each new law. These are all significant using a 99%
confidence interval.

We also run an alternative specification where we include a law index, as described
in table 1, instead of the law dummy variables. The index positively affected CB and
CD, with the magnitude of the latter being weaker.33 The remaining results are robust
to both changes.

One concern with the data is the sharp decrease in registrations after 1982, as
discussed in section 2. To investigate this, we run a second robustness test by restrict-
ing the dataset to the period 1947-1979. After 1979 no new cartel agreements were
registered in the SCR (although other competition restricting agreements were still
enrolled, so the registering activity did continue). The new results are presented in
columns (3) to (6) of table 9, where we include or exclude the 1978 SOU.

For CB, while the magnitude of the coefficients differ slightly, the direction of the
effect of each law is the same. For CD, the effect of the law of 1953 is no longer sig-
nificant and the SOU of 1978, decreased the rate of CDs, suggesting that the previous
effects were driven by cartels which ended after 1979.

4.2.2 GDP
We show that fewer cartels are born when the economy is in a good state, i.e,

when GDP is in an increasing trend (GDP trend) and during periods of positive
shocks (GDP (pos.shock)), whereas negative shocks (GDP (neg.shock)) increase CB.
This finding relates to the debate on whether the level of collusion is procyclical.

We assume that the relationship between cartel births or deaths and GDP trend
is not linear, instead it follows a cubic polynomial form with two points of inflexion
(see GDP trend2 and GDP trend3).

Additionally, fewer cartels die when the economy is in a good state (higher GDP
trend and during booms (GDP (pos.shock))). Therefore, cartels appear to be more
stable during shocks (booms and recessions), and when the long-term trend of output
is higher.

These results suggest that cartel births and deaths are both counter-cyclical, with
positive shocks having a larger effect on CD and negative shocks have a larger effect
on CB.

4.2.3 Interest rates
In table 2, we consider three different relationships between interest rates and

cartel births or deaths. In columns (1) and (4) we impose linearity but as we move
to a quadratic and cubic polynomials, the fit of the model improves and the second
and third degree terms are shown to be statistically significant in columns (2)-(3) and
(5)-(6). This partially explains the conflicting results in the literature, which have not
allowed for non-linearities between cartels births or stability and interest rates.

The effect of interest rates on the number of cartels in the economy is twofold.
First, they increase cartel births (as in Paha, 2017 and Hellwig and Huschelrath, 2018).

33These results are available upon request.
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Second, they decrease cartel deaths, thus suggesting an increase in cartel stability (as
in Hellwig and Huschelrath, 2018).

It is interesting to note that when we restrict the data to the pre-1980 period,
(columns (3)-(4) in table 9), the inflexion point disappears for cartel births.

4.2.4 Industry characteristics
The results suggest that product homogeneity (homogeneity) may decrease the

ease of collusion but increase their stability, as it decreases both CB and CD.
We also control for the number of active cartels in the previous period, as the

number of cartel deaths crucially depends on how many active cartels existed in the
economy. As expected, we find that a larger lagged number of cartels leads to an
increase in the incidence rate of cartel deaths in that sector. Further, it also leads to
an increase in the incidence rate of cartel births, although these results appear to be
driven by cartels born after 1979.

It is worth noting that these results are driven by many homogeneous industries
in the manufacturing sector (71%). As such, we split the economy in the main sectors
where cartels are present. The results are presented in table 10.

We find some sector-specific effects. When looking at cartel births, the sign of the
law coefficients is the same, but some sectors were more affected by different laws. For
example, the laws of 1953 and 1982 had a much lower impact on manufacturing than
in other sectors, whereas the laws of 1956 had their largest impact on manufacturing.
For cartel deaths, the law of 1953 decreased the incidence rate of cartel deaths in the
wholesale sector, while having the opposite effect in the remaining sectors. Finally, we
run several robustness checks. First, we restrict the sample to the time period 1946-
1979, as no cartels were registered thereafter. Second, we replace the law dummies
with an index. Finally, we include the SOU from 1978. All of our results are consistent
under these different specifications.

5 Cartels dynamics and register efficiency
Cartels were to enrol in the register upon request by the authorities (see section

2). It is possible that some existing cartels were not in the register because they
were simply not asked to register or reported. The proportion of unregistered cartels
mostly depended on the register’s capacity to identify and register cartels. Because
resources allocated to the SCR changed with the laws, the register efficiency varied
over time. The 1953 law, for example, allowed firms to report restrictive business
practices by other firms to the SCR, which could have increased the register’s ability
to observe cartels. Hence if we assume a positive relation between register efficiency
and resources, the incompleteness of the dataset might be a concern especially for the
last decade of our study. We discuss this point further in the results section.34

To address the issue of data incompleteness, we apply a novel empirical approach,
the hidden Markov model (HMM), developed by Hyytinen et al. (2018). The HMM
allows us to take into account that the probability of finding and registering cartels
varied with the SCR’s efficiency, an issue that was not possible to address in the count

34Additionally, there might be some noise in the data on cartel activity itself. For example,
there could be a lag between the date a cartel ended and when authorities were notified, i.e.
agreements could remain in the register after they had been terminated, particularly in cases
of mergers, acquisitions and bankruptcy (Sandberg, 2016).
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model.
In the HMM, we also address the issue that the laws affected both the pressure

on cartels and the register efficiency. For example, a law may have both increased the
pressure on cartels and decreased the SCR’s resources. We then need to distinguish
whether a subsequent fall in the number of cartels is due to the stricter law, or because
fewer cartels were being observed. In the HMM we are able to control for this, as we
model the efficiency of the register, controlling for legal changes and past cartel activity
(stock and flows of cartel entries and exists in the SCR).

Similar to the previous section but considering the HMM framework, we estimate
the impact of the legislative and macroeconomic environments on cartels’ life. We
focus on the impact of the laws and how it changes when we control for changes in
the SCR’s efficiency. We first briefly describe the HMM framework before comparing
its results to the ones from the count model.

5.1 The Hidden Markov model (HMM)
We follow Hyytinen et al. (2018) in applying the HMM to the dynamics of cartel

behavior. A detailed description of the HMM can be found in Appendix B. Note
that the HMM study collusion at the industry level. That means that in the HMM,
it is enough that one cartel is active, for the industry to be considered collusive.
We defined industries based on 4-digit NACE codes and exclude non-private and the
financial sector. We summarize two of the main elements of the HMM below.

First, the HMM distinguishes between the actual state of the industry (called the
hidden process) and the observed state of the industry (called the observation process).
In the hidden process, the industry can be collusive (C), or non-collusive (N), while in
the observation process, we observe collusion, no collusion, or we simply don’t know.
Note that, the hidden state is identical to the observed state when the hidden state of
an industry is based on the register data, such that we observe with certainty whether
it was collusive or not. Hence, the observed state is always “collusive” the year a cartel
enrolled in the register, the year a cartel agreement started, and the year a cartel was
first known or last known to be active. Likewise, the observed state is “non-collusive”
with certainty when there was no collusion in an industry, for example the year an
agreement ended, and the year the agreement was removed from the register. In
all other instances, when we cannot observe the hidden state, we simply assign the
observed state of the cartel to be unknown (U). In figure 5, we depict the number of
industries where we observe collusion, and the number of industries where we observe
that there was no collusion, for each year.

Second, the industries are assumed to transition stochastically between collusive
and non-collusive states, according to a first-order Markov process. The hidden state,
Zit, can take on two different values: collusive, C, or non-collusive, N , giving the state
space SZ = {C,N}. This results in four possible transitions: N → N , N → C, C → C
and C → N . Cartel birth is defined as when one year with no collusion is followed
by a year with collusion in a given industry (an N to C transition). Cartel survival
is defined as when a year with collusion is followed by another year with collusion (a
C to C transition). We let PBit denote the probability of cartel birth and PSit the
probability of cartel survival. In addition, we let αsz

i , denote the probability that an
industry is collusive or non-collusive in the first period of our data (1946). We use a
maximum likelihood (ML) estimation to parameterize the model.
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Figure 5: Number of observed collusive and non-collusive industries, SCR 1946-
1993

5.2 Results
We estimate the parameters PB and PS for each industry and each year. We find

that the average probability that a cartel is born, given that there was no previous
cartel in the industry (PB), is 3%. It is difficult to compare this estimate to the
literature, since it has not previously been estimated for the whole economy. Compared
to Hyytinen et al. (2018), who find an average formation probability of 23% for the
manufacturing industry, our estimate is low. This is likely due to the fact that cartels
are more prevalent in manufacturing, as shown by several studies (e.g. Hellwig and
Huschelrath, 2018; Connor, 2006; Levenstein et al., 2015) and supported by our data.

The average probability that a cartel survives another period (PS) is 85%. The
high survival probability points towards the lasting impact cartels have on society.
Our estimate of PS is similar to the results of Hyytinen et al. (2018), who find an
average survival probability of 88%.35

To ensure that our estimated parameters are robust to modelling choices, we run
some of the same robustness tests as for the count model. First, we restrict the
sample to the time period 1946-1979, as no cartels were registered thereafter. Second,
we replace the law dummies with an index. Finally, we include the SOU from 1978.
Estimates of PB and PS from each of these model specifications are shown in table 6.
As can be seen, the parameters are strikingly consistent across the different models.

The impact of the laws and the macroeconomic variables on PB, PS, and α is
shown in table 4. As birth and death are defined slightly different relative to the
count model, we focus on the sign and significance of the coefficients. The results
on the impact of the laws are largely consistent with those obtained with the count
model. The impact of law 1953 and law 1956 found in the count model are confirmed
by the HMM. However, the results from the two models differ with regard to law 1982.

35Studies that use HMM models to study detected illegal cartels find similar high probabil-
ities of cartel survival (Harrington and Wei, 2017; Ellison, 1994).
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The count model, studying the observed, registered cartels, finds that the law had a
strong negative impact on cartel births. The HMM, however, finds a pro-collusive
effect of the law on PB. This is not surprising. As discussed in section 2, registering
cartels became less of a priority over time. Thus, while the SCR, arguably, provides
an accurate picture of the population of Swedish cartels for the first few decades, the
data becomes more incomplete over time. The HMM accounts for the fact that the
efficiency of the register in identifying and registering cartels declined. The HMM
results hence open up for an alternative interpretation: fewer cartels were observed
and identified after the introduction of the 1982 law, but the probability of cartels
forming actually increased.

The main focus of the HMM is to see whether the impact of the laws estimated
in the count model is robust when we control for the fact that the efficiency of the
SCR changed over time. While we estimate the parameters in the HMM based on
macroeconomic variables, the marginal impact of the macroeconomic environment is
not our main interest. Therefore, we only discuss those results briefly.

Negative GDP shocks are found to have a negative impact on PS, thus associated
with a lower probability that cartels survive. In line with the count model, the HMM
finds that homogenous industries have a higher probability of cartel survival. The
initial probability of industry collusion (α) is also higher for homogenous industries.

5.3 Register efficiency
The HMM estimates the probability of observing the hidden state of an industry,

βCit and βNit , which primarily depends on the register’s efficiency. To estimate these
probabilities, we take into account that the efficiency of the SCR to observe and iden-
tify cartels changed with the different laws. To account for both previous registering
activity and past cartel dynamics, we control for the number of cartels that had pre-
viously been enrolled and removed from the register.36

Table 5 show the results for the observation probabilities, βC and βN . These
results show how the register efficiency, the probability of observing collusion or non-
collusion, is affected by the legislatory changes, controlling for past registration activity
and previous cartel dynamics. The dynamics of βC , βN are similar to those found in
Hyytinen et al. (2018). In particular, we see that the probability of observing collusion
and non-collusion changed considerably between the different legislative periods.

36The HMM is hence characterized by five parameters: PBit, PSit, βCit , β
N
it and αsz

i .
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Table 4: Parameter estimates for cartel formation and cartel survival, HMM
PB PS α

law 1953 0.05199 -0.82198***
(0.14740) (0.20539)

law 1956 0.03049 0.42978**
(0.13254) (0.18248)

law 1982 0.47260*** 0.18345
(0.13268) (0.15854)

interest rates -0.01249 -0.04430*
(0.02261) (0.02277)

interest rates2 -0.00723** -0.01263***
(0.00337) (0.00298)

interest rates3 -0.00051 -0.00040
(0.00035) (0.00031)

GDP trend 0.57188 -0.77619
(1.06672) (1.50537)

GDP trend2 -0.00003 0.00374
(0.00357) (0.00506)

GDP trend3 -0.00000 -0.00001
(0.00000) (0.00001)

GDP (pos.shock) -0.01038 0.00751
(0.01445) (0.01840)

GDP (neg.shock) -0.00739 -0.10518***
(0.01809) (0.01815)

homogeneity -0.10149* 0.17016** 0.32031**
(0.05651) (0.07011) (0.14480)

constant -2.77578*** 2.37307** -0.80034***
(0.83739) (1.15672) (0.06538)

N 27,744 27,744 27,744
Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1
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Table 5: Parameter estimates for observing collusion, HMM
βN βC

law 1953 0.16813 -0.18265
(0.13702) (0.25732)

law 1956 0.65841*** -0.86743***
(0.10766) (0.24654)

law 1982 0.56309*** 0.27741**
(0.02999) (0.11805)

death (stock) 0.00551
(0.00703)

death (stock2) -0.00015
(0.00024)

death (flow) 0.00011
(0.00022)

birth (count) -0.00600** 0.02095***
(0.00282) (0.00303)

birth (stock) -0.00700
(0.01142)

birth (stock2) 0.00022
(0.00038)

birth (flow) 0.00169***
(0.00059)

constant -2.60457*** 1.30142***
(0.09594) (0.11834)

N 27,744 27,744
Standard errors in parentheses

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

Table 6: Robustness tests, HMM.
Main model
(GDP)

Subsample
1946-1979 Law index SOU 1978

PB 2.5 2.9 2.6 2.6
PS 84.7 87.8 85.8 85.7
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6 Conclusion
In this paper, we study how the legal framework, macroeconomic factors and in-

dustry characteristics impact cartels’ birth and death. Using a unique dataset covering
the population of Swedish legal cartels between 1947 and 1993, we find that the various
competition laws had an overall deterrent effect, but new industries became collusive
after the law of 1982; both cartel births and deaths are counter-cyclical; and higher
interest rates increase cartel births and decrease cartel deaths, but these relationships
are shown to be non-linear. Finally, we show that the likelihood of cartel survival is
around 85%.

We use two different models: a count model and an HMM framework. There are
three main differences between these approaches. First, the HMM studies collusion
at the industry level, while the count model considers cartel-level data. Second, the
HMM accounts for incompleteness of the data, recognizing that the SCR may not have
been able to find and register all cartels due to efficiency reasons and limited resources.
The HMM allows for the efficiency of the SCR to register cartels to change over time.
The count model, in contrast, studies the actual observed, registered cartels. Finally,
while both models estimate the impact of legal and macroeconomic variables on cartel
dynamics, the HMM studies how these factors affect the probability of collusion, while
the count model looks at the effect on the number of cartel births and death.

To the best of our knowledge, this is one of the first empirical papers (with the
significant exception of Hyytinen et al. (2018)) to address the determinants of cartel
births and deaths with a population of cartels. Our findings have significant policy
relevance to enhance cartel detection tools. Currently, to detect anti-competitive be-
havior, competition agencies combine two different types of economic analyses. They
consider thoroughly the structure of the industry (e.g., the product homogeneity or
the number of competitors). This “structural approach” is often complemented (or
substituted) by an “(empirical) screening approach” (e.g., based on changes in market
prices’ or a marginal cost function). In both approaches, the impact factors considered
in this paper (i.e., legal framework, macroeconomic environment, industry character-
istics) have a major role in the efficiency of proactive detection tools.

A limitation of the paper is that we consider only the Swedish context and the
registered cartels in Sweden. One possible avenue for future research would be to
reproduce the analysis for other countries which also had legal cartels registers such
as Austria, Australia, Denmark, Germany, India, Israel, Japan, the Netherlands, New
Zealand, Norway, South Korea, Spain, and the United Kingdom. This will allow for
a better understanding of the different estimates and of how the institutional context
affects matters in cartels’ dynamics.
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Appendix A

Table 7: Overview of Swedish competition legislation
Year Law Main legislative changes
1946 Law on monitoring

of restraints of competition
Cartel register implemented
Mapping and monitoring of cartels
Public display of cartels

1953 Law against restraints
on competition

Prohibition of tender and RPM cartels
Issues solved through contract renegotiations

1956 Law against restraints
on competition
Law on reporting obligations
concerning price and
competition conditions

Restrictive practices could be subject to
contract renegotiations

1982 Competition law Market Court could prohibit abusive practices
1993 Competition law Prohibition of cartels

Cartel register terminated
1978 SOU 1978:9

Law proposal
Proposal:
General prohibition on cartels
Merger control
Split of monopolies

Table 8: Pairwise t-tests on the law and law proposals
law 56 SOU 78 law 82

law 53 *** *** ***
law 56 *** ***
SOU 78 ***

*** 0.99 confidence level
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Table 9: Count estimates for cartel births per year (CB) and cartel deaths per
year (CD) (Negative Binomial), robustness checks (I)

(1) (2) (3) (4) (5) (6)
(SOU 1978) (SOU 1978) (<1980) (<1980) (<1980) (<1980)

CB CD CB CB CD CD
law 1953 -0.428*** 1.237*** -0.446*** -0.550*** 0.224** 0.104

(0.01) (0.01) (0.01) (0.00) (0.11) (0.09)
law 1956 -0.474*** -0.750*** -0.496*** -0.521*** -0.808*** -0.826***

(0.02) (0.06) (0.01) (0.01) (0.23) (0.22)
SOU 1978 -2.460*** 0.359*** -0.701*** -0.347***

(0.02) (0.03) (0.00) (0.04)
law 1982 -21.444*** 0.662***

(0.66) (0.05)
interest rate 0.045*** -0.024*** 0.062*** 0.052*** -0.000 -0.004*

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
interest rate2 0.006*** 0.006*** 0.010*** 0.011*** 0.017*** 0.019***

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
interest rate3 -0.000*** 0.000*** 0.000*** 0.000*** 0.001*** 0.002***

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
GDP trend (/100) 0.252* -9.822*** -0.356*** 1.805*** 5.227** 7.400***

(0.14) (0.18) (0.12) (0.07) (2.28) (1.84)
GDP trend2 (/100) 0.006*** 0.043*** 0.009*** -0.001** -0.021** -0.031***

(0.00) (0.00) (0.00) (0.00) (0.01) (0.01)
GDP trend3 (/1000) -0.000*** -0.001*** -0.000*** -0.000*** 0.000** 0.000***

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
GDP (pos.shock)(/10) -0.398*** -0.088*** -0.696*** -0.677*** -0.247*** -0.351***

(0.00) (0.01) (0.00) (0.00) (0.05) (0.03)
GDP (neg.shock)(/10) 0.054*** -0.834*** 0.372*** 0.201*** -0.528*** -0.684***

(0.00) (0.02) (0.00) (0.00) (0.10) (0.06)
homogeneity NACE4 -0.008* -0.028** -0.007* 0.005*** -0.130** -0.119**

(0.00) (0.01) (0.00) (0.00) (0.06) (0.05)
active cartels lag (/10) 0.002* 0.007** 0.002* -0.001*** 0.030** 0.028**

(0.00) (0.00) (0.00) (0.00) (0.01) (0.01)
constant 3.006*** 10.022*** 3.318*** 1.889*** -0.128 -1.569

(0.08) (0.10) (0.07) (0.04) (1.38) (1.10)
ln(δ) 1.882*** 2.209*** 1.599*** 1.531*** 1.375*** 1.308***

(0.00) (0.01) (0.00) (0.00) (0.12) (0.11)
FE NACE-4 NACE-4 NACE-4 NACE-4 NACE-4 NACE-4
N 108,946 108,946 108,946 108,946 108,946 108,946
log-likelihood -336,883 -467,957 -323,491 -320,624 -312,640 -310,625
McF.pseudo-R2 29.70% 11.76% 10.34% 11.14% 11.93% 12.50%

Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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Appendix B: Hidden Markov model
The model

We follow Hyytinen et al. (2018) in applying the HMM. The HMM consists of
an underlying hidden process and an observation process. The hidden state, Zit, can
take on two different values: collusive, C, or non-collusive, N , giving the state space
SZ = {C,N}. This results in four possible transitions: N → N , N → C, C → C and
C → N . We let PBit denote the probability of cartel formation (N → C) and PSit
the probability of cartel survival (C → C). The transition probabilities are denoted:

asz
it = Prob(Zit = sz,t|Zit−1 = sz,t−1,xit), (1)

where xit is a vector of covariates of unit i at time t. The following transition
matrix illustrates the four transitions, and the respective probabilities:

Ait =
∣∣∣∣aNNit aNCit
aCNit aCCit

∣∣∣∣ =
∣∣∣∣(1− PBit) PBit
(1− PSit) PDit

∣∣∣∣ . (2)

The observation process is the observed state of the industry: whether we observe
collusion or not. We denote the observed data Oit. When the data on the actual
state of the industry is noisy, it will be observed to be collusive, C, non-collusive, N ,
or unknown, U . This gives the state space So = {C,N,U}. If the hidden state is
sz ∈ Sz = {C,N}, the probability to observe so ∈ So = {C,N,U} is:

bsz
it (so) = Prob(Oit = so|Zit = sz,xit). (3)

bCit(C) = βCit denotes the probability that we observe collusion in a truly collusive
industry, Oit = Zit = C. Likewise, bNit (N) = βNit denotes the probability of observing
that the industry is non-collusive when this is, indeed, the reality, Oit = Zit = N .
With probabilities bCit(U) = (1 − βCit ) and bNit (U) = (1 − βNit ) the true states cannot
be determined and are denoted unknown. We assume that when the collusive state
of an industry is observed by the register, the register will never be wrong, such that
bNit (C) = 0 and bCit(N) = 0. This gives the following observation probability matrix:

Bit =
∣∣∣∣bNit (N) bNit (C) bNit (U)
bCit(N) bCit(C) bCit(U)

∣∣∣∣ =
∣∣∣∣βNit 0 (1− βNit )

0 βCit (1− βCit )

∣∣∣∣ . (4)

In case we would be more likely to observe either C-states or N -states, i.e. βCit and
βNit differ, the observed transitions would not be representative of the actual transi-
tions. However, as long as the observations are missing at random, the likelihoods of
observing C-states and N -states, respectively, are allowed to correlate with observed
covariates, so that the observation probabilities are allowed to differ, βCit , βNit , condi-
tional on covariates. Hence, as long as observations are missing at random, it is not
an issue if the observed transitions are a selected sample of the hidden transitions.
Furthermore, the observation probabilities can be lower than one, βCit 6 1 and βNit 6 1,
allowing us to take into account that we do not observe whether there were any active
cartels for some industries and some years.
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Table 11: Partial transition matrix for the observation process.
t− 1/t No cartel (N) Cartel (C)
No cartel (N) βNit (1− PBit) βCitPBit
Cartel (C) βNit (1− PSit) βCitPSit

We can identify the parameters of the model based on the identifiability of mix-
ture densities, the restrictions imposed on the observation probabilities, and the fact
that there are only two hidden states (C and N). Table 11 displays the transitions
for the observed process, where the columns denote the observed state for the current
period and the rows denote the observed state for the preceding period. For example,
the N −C cell denotes the probability to observe collusion in this period, when there
indeed was collusion, and that there was no collusion the period before (PBit), multi-
plied by the probability of observing collusion in this period, βCit . This results in four
transitions and four unknowns: PBit, PSit, βCit , βNit that are solved for.

We use a maximum likelihood estimation to parameterise the model. First, we
assume a distribution for each state in the hidden process. We denote the probability
that industry i is in the true state sz ∈ Sz in the first period by:

αsz
i = Prob(Zit = sz|xi1). (5)

The following likelihood function denotes the likelihood that the model parameters
describe the whole observed data:

L(Θ; o) =
N∏
i=1

(
(Di1)′(

Ti∏
t=2

Dit)1

)
. (6)

We parametrise the transition probabilities (PBit and PSit), the observation prob-
abilities (βCit and βNit ), and the initial state (αsz

i ) to be functions of a number of ex-
planatory variables. As in Hyytinen et al. (2018), we assume a standard probability
model for each parameter, and we use the inverse Hessian to estimate standard errors.

Mapping collusion
To apply the HMM, we first analyse collusion at cartel level, in order to then map

cartel activity to industry level. Based on the information in the SCR, for each cartel
and each year, we assign the observed process - collusive, C, non-collusive, N , or un-
known, U - using the following approach, largely based on Hyytinen et al. (2018).

The year of the cartel birth is marked by C. If cartel birth took place before the
cartel was registered, we assume that there was collusion during all years between the
cartel birth and the registration, and so mark this period as C. This is because if the
cartel had not been active during this period, it would have notified the register that
the contract started at a later date.

In case the registration occurred before the contract started, the firm registered an
agreement that was about to start in the future and that had not yet been activated.
The registration date for these observations is marked by N , and so is the period until
the year of the contract birth. The year before a cartel is born, the cartel is assumed
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to not collude, N . The year of the cartel death is marked by N . If the cartel agree-
ment terminated in a different year than the cartel was removed from the register, we
assume that the cartel was inactive during the period between these two events, and
so mark this period by N . The year before the cartel death, the cartel is assumed to
be active, C. Any other year that a cartel was known to be active is marked by C,
for instance when the cartel was first or last known. For all other periods, we assign
the state U , for unknown. This approach results in a panel of year-cartel pairs for the
years between 1946 to 1993. A few cartels were born before the register started. We
include them in the analysis but we only consider their activity from 1946 onward.
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