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Abstract
This paper examines how the formation and termination of cartels affect the performance and efficiency of their member
firms. We identify 141 publicly listed firms active in 49 European cartels between 1983 and 2004. We construct empirical
measures for the performance of the cartel firms to investigate three types of economic inefficiency: allocative
inefficiency (assessed by profitability), productive or x-inefficiency (labor productivity), and dynamic inefficiency
(innovation, measured by R&D investments). We find that profitability is higher and productivity and R&D investments
are lower during the cartel period. All three types of inefficiency worsen over the cartel period. In sum, cartels are
associated with deteriorating allocative, productive, and dynamic efficiency.
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1. Introduction

Three types of economic inefficienayay arise from the existence of a monopalyFirst,

monopoliesreducewelfare throughmisallocation of resourcdgllocative inefficiency) Cournot
(1838) andViarshall (1890 argue that the absenoé competition leads to an increase iprices

accompaniedby an output reductignresulting ina net welfare lossSecond, pductive

inefficiency (formalized by Leibenstein, 196@s xinefficiency) may arise sincefirms in less
competitive environments have fewer incentivesperate efficiently Third, while Schumpeter
(1912) argues that innovation may benefit from monopoly reatsording toArrow (1962) a

lack of competition may result ireduced incentives to innovaidynamic inefficiency)

Although economic heory on the inefficiencies associated wittonopoles is well-
developed and it is widely believed that the formatiotemporary monopolies irthe form of
cartels is harmful for society, empirical evidence on the effect of cartels anremefficieny
is limited. Do cartels indeed lead tocreasd prices angrofitability? Are they associated with
reducel productivity? Does cartel formatioresult inweake or strongelincentivesto innovat@
Researchon these questiongss hampered by problems to identify cartels and by the lack of
available data on profitability, productivitgnd innovation. Enpirical studiesto date focus
almost exclusivelyon allocative inefficiency. There is virtually no mpirical evidence orthe
productive and dynamiaefficiency of cartels

The purpose of this paperto studythe impact otartelformationand terminatioron all
three types of inefficiency simultaneousl@ur encompassing approadilows for a more
balanced evaluation dfiow cartek affect overall economic #iciency and, thereby societal
welfare Furthermorewe analyze dargesampleof firms involved in cartels active in a variety of
industries and countries over an extended period time. In contrast, most paochdseuses on
a limited number otartds in specific industries and countries duriagparticular(historic) time
period.

We analyzehe profitability, productivity, and innovationf cartelmembes usingfirm-
specific financial data for a sgle of 141 publicly listedfirms involved in49 cartek infringing
European Uniomompetition lawbetween 1983 and 2004. Our data source allows dstermine
reliable formation and termination dates for these cartels. We compare thempadeand
efficiencyof these firms during the cartel period witiosein the years beforthe formationand

after thetermination of thecartel. We use return on assets to measure profitability, sales per



employee to measutdabor productivity, and investments in research and devetp (R&D
over assets and over sgles measure innovation

Our resultsshowa significant increase in profitability over the cartel peri find that
laborproductivity is significantly lower dimg the cartel period, and declines over the duration of
the cartel. We also uncover a sigrant reductionin R&D expenditureover the cartel period.
We observe a clear trend in all performancd efficiencymeasures over the cartel period. The
longer cartels are in place, the more profitable cartel mentlmmsme and the weaker the
incentves to produce efficiently and to invest in innovation. Overall, our findings suggegt¢ha
formation of cartels results in significant allocative, proidze, and dynamic inefficiencies

decreasing societal welfare

2. Related literature

Building onthe work of Cournot (1838) ardarshall (1890, Stigler (1964)describes oligopoly
behavior in cartelized industriesd laysthe foundation fosubsequentheoretical and empirical
studies A substantial number of empirical studstadytheallocative nefficiencyof cartel firms
using data on profitability, prices, and output. Asch and Seneca (1975 fib@iABgat ollusion is

not always profitable and frequently emerges as a consequeneehmfh debtburden.Porter
(1983 concludes thathanges in wtput and prices during the U.S. railroad cartel from 1880 to
1886 aran line with collusive behavior. Finkelstein and Levenbach (1983) and Feinberg (1984a)
documentprice and profit increaseduring cartels involvedn legal antitrust caseg-einberg
(1984b) finds a reduction of priceost margins just before the official onset of amtitrust
investigation, but marginsicrease agaionce the investigation does not lead to a conviction
Madhavan, Masson, and Lesser (1994) show that even a large cartel (the U.Ste%b8ditha
Producers with 30,000 membgcan result in increased profit margins, until an antitrust consent.
Gupta (1995) and Taylor (2002) provide evidence of output redudtipihsdian tea plantation
cartek andby cartels formed followinghe U.S.National Industrial Recovery Aeh the 1930s
respectively Instead of fixing prices or output, Genesove and Mullin (2001) that the U.S.
sugarrefining cartel from 1927 to 193®erelymade price cutting more transpareRiller and
Steen (2006) analyze legal cartels in the Norwegian cement indnstfipd that cartel members
were able to raisprofits, but overinvestment in capacity and export directed produetioded
those profits. Combe and Monnier (20@®ncludethat profits generated on cartel markets in the
European Community outweigh imposed finkesa meta analysis of price fixing cartelger the
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last 250 yearsConnor and Bolotova (2006¢port anaverage overcharge rate of929Bolotova
(2006) finds that overchargeare lowerwhen antitrust enforcement is presemhenone firm
holds a significantly larger marker share than the remaining mepdetswherthe cartel has
more membersAlso, prices tend to rise when the cartel lastdonger In short, there is
considerable evideecthat cartels are associated with allocative inefficiency, althcogmhe
researchsuggest that this conclusion may not hold undall circumstancesOur study adds to
this line of research by examining a more comprehensive sample of cartels arskdms
allocative inefficiency jointly with xnefficiency and dynamic inefficiencyOur measure of
allocative inefficiency is profit. As defined by Harberger (1954), deadwedgist Which is the
part of welfare not transferred from consumer to producer nmoaopoly setting (due to the
reduction in supplied quantity), equals a half monopoly profit in the monopoly case.

The xinefficiency theory ofLeibenstein(1966) suggests thalack of competition and
entry reduce themonopolists incentives towork inefficiently. Examplesinclude operating at
high marginal costs due to not employing new technolpbmiag overtaffed or paying above
market wagesand overinvestment or empire building. Button and Weydwres (1992)eview
early research on-efficiency, which almost exclusively focuses on measurement issae
recently, Berger and Hannan (1998) present evidence that the consolidation waveUrSthe
banking industry in the 1980s was associated with reduced cost efficiency of Dagksargue
that he xinefficiency of increaseadoncentration if greater importancéhan the allocative
inefficiency. Nickell (1996) finds a positive association betweempetition (measured by the
number of competitors and low rengs)dtotal factor productivity grotih for 670 manufacturing
firms in the U.K.

Direct evidence on the link between competition atdetficiency is scarce, andrawing
causal inferencedifficult. We are not aware of any paper that examinaseKiciency in the
context of cartelsCartelsare not only an important form of collusion that can cause substantial
harm to society (e.g., Baker, 2003). But, as we argue below, our sample can plso hel
establishing the causedlation between competition and productive efficiency.

Dating back to &humpeter (1912), economisteave debatk the impact of market
structure on the incentive to innovate. Schumpedénts outthat the profitability ofmonopolists
allows them tanvest ininnovation.Arrow (1962 opposesheseargumeng byshowing that onj
in a competitive environment firms have the incentives to innovat@oAopolysituation thus

lacks these incentives. Demsetz (1969) reconciles both views by arthanhdghe interplay of
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profits and incentives determines what market structure is mostffitial for technological
progressOne of the earliest empiricatudies ortherelation between competition and innovation
is Grabowski (1968)who shows that small firms and large firms invest less in R&D than
medium sized firms. In a similar veigerski (1994) concludethat an oligopolistic market
structure leads to the highest investmentR&D, as profits and incentives argresent
simultaneously. ghion and Howitt (1992) formalize tlmomplementarargument that firms can
only reap the benefitsfannovation under less than perfect competition. Aghion, Bloom,
Blundell, Griffith and Howitt (2005) argue in favor of an inverieghapebetween the level of
competition and innovation, finding evidence that the highest number of pptedigedstens
from oligolistic marketsWe are only aware of one empirical paper on the dynamic inefficiency
associated with cartelSymeonidis (2001dloes not identify specific cartels, but reports that there
is no evidence that the introduction arfititrust law in tie UK. hadan impact on the number of

commercialized innovations.

3. Data description and methodology
3.1 European antitrust database
We obtain information opartel cases uncover@tdthe European CommunifeC) from1964 to
2004from the decision documents of tieeiropearCommission which were published over the
years in the Official Journal as well as the Annual Reports on Competition (VORXXEXIV).
The European Commission is the highest authority of competition policy enforcenteumntoipe
and tlke only one to initiate regulations and modify existing antitrust law implementatien.
only investigate horizontal conduct cases (in particaiartels) infringing Article 10bf the 1957
Treatyof Rome? 2

An important advantage ajur database is that contains reliable information on the
formation and termination dates of each cartel. Since the duration of the cartel is a key
determinant of the fieand since convicted firms can file appe#& the European Court of
Justice, theEuropean Commissiomvests a substantial amount of effort irdeterminingthe

! See Motta (2004) and Bso, Schinkel, Giinster, and Carree (2010) for an overview of Européamsapolicy.

2 The current enumeration was adopted in the Treaty of Lisbon (2010jotigy under the Treaty of Amsterdam
(1997), the Articles were enumerated 81 and 82

¥ Commeission of the European Communities. 1998. Guidelines on the method of §agmgnposed pursuant to
Article 15(2)(a) of Regulation No 17 and Article 65(5) of the ECSC Treatygi@liflournal of the European Union,
14.1.1998, C 9/3
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earliest and latest date the cartel was in pfatén many cartel cases, the Commission uses a
dawn raid to collect a host of evidence (including, e.g., the diaries of firm aes)ub uncweer

the earliestindication of a collusive agreement. The formation date is justified in the
Commission’s decision documerilthough we expect the listed formation date to be quite
accurate, it cannot be ruled out that the cartel was already active thefatate, in which case it

is less likely that we find a structural break in the performance and efficieinthe cartel
members around the formatidate.

For 51 per cent ofcartel cases, we take the Commissioimgestigationdate as the
termination @te of the cartelTheterminationof a cartel as a resuf antitrust action isinlikely
to be endogenously related to the performance and efficiency of the member firnts nvalyic
allow us to make stronger statements about caughéty prior studies- especially those on-x
inefficiency and dynamic inefficiencyn 38 per cent of akkases, the Commission concluded that
the cartel had already been terminated before the decision and we take this eauilietiter
date insteadlt is not evidentthat an antitrust conviction leads to the end of the anticompetitive
conduct (e.g.Crandall and Winston, 2003t the same time, there is considerable evidence that
convictions have a substantial impact on the profit margins of the convicted(keimerg,
1984b; Madhavan, Masson, and Lesser, 1994). Other studies (e.g., Bosch and Eckard 1991;
Gunster and van Dijk, 2010) documensignificantdeclinein the stock market value of firms
involved in antitrust convictions that isonsiderablygreater that the associated fines and legal
costs, which suggests that the market expects a decrease in future ptpfifabthe extenthat
the cartet stay in place beyond the termination date identified by the Commission, we bias the
results against finding an impacta#rtels on economic efficiency.

A second advantage of our database is that a substantial number of firms involved in
European cartel infringements over the past few decades are publicly listell,emhbles us to
obtain detailed information on the parftanceand efficiency of the cartel members based on
their published financial statements. Another interesting aspect of oulesiantipat— despite the
fact that all cartel infringementsffectedthe European marketwhich is a prerequisite for a

* In case of an appkave use the duration established by the European Court ofeusiiing. The European Court
of Justice clearly states why it reduces the duration.

®> Two cartel cases in our sample were annulled. The German bankBeasecharges for Exchanging euzone
currencies— GermanyCommission decision 2003/25/EC [2003] OJ L 15/1, Case COMRBE919) was annulled
because an employee faxed the documents upside down. In the Vitamen&/imsins Commission decision
2003/2/EC [2003] OJ L 6/1, Case COMPIEB7512), the Commission did not issue a decision for a former
infringement in time. Since the annulments were based on technicalitiessume the duration of the cartel derived
from the Commission decisions to be valid.
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Commisson’s investigation- the firms involved are incorporated in many countries around the
world. In total 35 per cent ofartels in our sample are internatignal the sense that they are
formed by firms incorporated in different countr{&ee Table 1)

3.2 Sample and data sources

From 1964 to 2004the Commission formally decided @01 antitrust infringementcases
(Carree, Gunster and Schinkel, 2010)the 301 infringementasesa total 0of1,519 parties were
convicted.We discard firms that are not gdidy listed. For all unlisted companies, we check
whether the company hasparent controlling 10per centof the company- in which casewve
include the parent in the datas@te alsodiscard firmsthat went public or private during the
cartel periodandfirms thatwere acquired during the cartel peridthe coverage of firaspecific
financial statement information bB¥orldscope(part of Thomson One Banker) starts in 1980
Becausewe requiredata priorto the cartel periodwe exclude cartetases that started before
1983 so thatve can obtain at least 3 years of-pegtel dataOur final sample include$4l
publicly listedfirms involved in49 European cartel infringements between 388d 20d. A
total of 44firms were involved in more than one cardating our sample period’he firm with
the highest count of infringements is EIf Aquitaine ®#/h a total of five.There is no firm
appearing four times. A couple of firms appear twice or three times. Typittadly are active in
the chemical sector arfdrmed cartels in multiple submarkets simultaneoSkgphan, 2010)
The sampleincludesfirms from 22 different countries active inwide range of industries
Japanese and American firms constitute the maximum &iknwed by Germany and France.

We use information on the names of the involved parties, their OECD industry and
country of incorporationthe starting date and théuration of the cartel, the date of the final
decision,the cartelconductthe ringleade(the initiating firm in charge of @rdination) andthe
number of firms in the cartel from theCommission’s decision documentsAs cartel
infringements usually involve specific marketge also retriege information orthe sales of each
firm on the product market on which the misconduct tplaice expressed as a fractiontioé
firm’s total sales (a variable we refer to as “relative sal&¥§ compute the relative salas the
sales onthe relevant market per firrfas estimated by the Commission and reported in the
decision documentjivided by the totalsalesof the firm In some caseshe decision document
only providessales data foall cartel members combineth these case we allocatethe total
cartel saleson the market on which the anticompetitive conduct took place over the cartel
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memberdased on thenagnitudeof the fine imposed by the Commissi#ee fining guidelines
on base fine termination depending on submarkef)siger a substantial number afases even
this is not feasible becaughe decision document does not repbe sales on the market on
which the cartel was active

We obtain annual data on theofitability (return on assets, ®®OA, computed as net
income over total asse@fslabor productivity $ales over employegsand innovation R&D
expenses ovdpotal asses andover sale$ of the individual firms involved in the cartélbom the
financial statement information iWorldscope.To facilitate comparison of labor productivity
across firms, we express sales in US@trency denominations do not affect our othetaldes,
which are ratios of two variables that are both expressed in monetaryWaitsote thathe
theoretical prediction of the impact of cartel formation on sales is ambiguous,i@sease in
prices can be fully or partially offset by a decreaseutput. But even if sales decrease, the
development of sales over employees before, duaimg) after the cartel is still informative about
productive efficiency. Lower sales per employee during the carteldoeould indicate reduced
productive efficiency througha reluctance of the firms teduce the number @mployees when
production decrease3he reason we use investments in R&D rather than R&D output (for
example the number of patents obtained}hat itis harder to uncover a direct link besvethe
results of R&D investments (which often take years to materiadizé)he relatively short cartel
period.In addition, we are interested in the incentive to innovate which is betteraefaegdy
spending than by patenting. The latter represeattger the quality or capability of a firm to
undertake research. We present results for both R&D scaled by total assetsaled o ensure
that our findings are not driven by the denominaferwe observe a small numberalftliers in
return on assetsve winsorize this variable at the 0.5% and the59®level. Our results are not

sensitive to removing the winsorization, or to winsorizing at the 1% and the 99% level.

3.3 Methodology

We compare therofitability, productivity andR&D investmentof the cartel members during
the cartel period with the same performance measures b#feréormationand after the
termination of thecartel. For each cartel, we include a year in the cartel period ibmaiy least

sevenwhole months of the yedie between lie formationandthe terminatiordate of the cartel

® Commission of the European Communities. 1998. Guidelines on the methdtingf ires imposed pursuant to
Article 15(2)(a) of Regulation No 17 and Article 65(5) of the ECSC Treatygci@liflournal of the European Union,
14.1.1998, C 9/3
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For examplewhena cartel was formeth January 2002 andias terminatedn May 2003, we
only considethe year 2002s part of the cartel period/e considerhe year 200&s the lastpre-
cartel yearand the year2003 & thefirst postcartelyear.For each firm, we take a period of five
years (three years minimum) before and after the cartel to benchmasktgigoerformance.

The next sectiopresentsummary statistics of the average performaruefficiency of
the firms involved in the cartels over the whole period, and over thppsecartel periodsaand
the cartel period separatelyowever, these initial results can be misleading to the extent that our
sample contains a disproportionate numbegffirm-years in the cartel period for firms with
abnormally poor or strong performance, independent of a cartel difieetto variation in the
duration of the cartel and in the availability of data for the anel postcartel period, not every
firm is represented equally in the cartel ahdpre-/posteartel samples. We also need to account
for the possibility that the cartel period observations in our sample disproporticeatiyfrem
times of abnormally poor or strong economic conditions.

We control for these effects by estimating panels models for each of oarnpente
measures that include both firm and year fixed effects. We note that fiewh &fects also
account for any country and industry effedfge reporttwo different sets of panel redts to
analyze the impact of cartel formation on the performance meaJuredirst model includes
dummy variables for th@re and postartel periods The second model includes a dummy
variable for the cartel phase as well as a numbadaditional exfanatory variablessuch as the
number of firms involvedthe type of economic conduct, and a dummy variable for the
ringleader All of these additional independent variables are interastith the cartel dummy.
We also include a trend variable for the cartel period to investigate whetrer ith any
development in the performance of the cartel members over the duration otehe car

4. Results

4.1 Summarytatistics

Table 1 reports summary statistics on the cartel level providing an overvieartef duration
and report route, number and geographic origin of cartel members, cartedrigp@dustry and
geographic scope of the cartel. The aveagemedian duration of the 49 investigated cadrds
sevenand six’ This is comparable to earlier cartstudies like Bryant and Eckard (1991),
Levenstein and Suslow (2006) and Combe et al. (2008) who find o@tel duration to be

" In case of an appeal, we use the duration éskeal by the European Court of Justice ruling.
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between 6to 7 years® The shortest cartel duration in our sample is two years. The maximum
duration amounts to 16 years. Mad the cartel investigations in our sample stem from leniency
applications’ Consequently,iie majority of cartelsvereactive at the onset of the investigation.

A total of 28 per cent of cartel infringement is due to Commission investigations ahliatée
authority itself.

In total 60 per cent of all cartels is comprised out of only European firms. Cartels
consisting of European and n&uiropean firms constitute 35 per cent of our sample. There is
one case, where solely Japanese spice producangemland jointly exported at higher prices to
the EuropeariJnion.!° Besides geographical diversity, the sample group also shows a large
industrial diversity. The highest cartel activity is showrthe manufacturing sect¢ee Carree
Gunster and Schinkel (2010)) with the largest shares being in chemicals aru$ ptabber and
glass production. Next to the manufacturing industry, transportation shows thd higineégr of
detected collusion. We account for sector, nationality, size and inherent fiereddés using
crosssectional fixed effects. Although the sample group only covers cartels antitiee
European Community, the cartels do show different cartel scopesas$tmajority of the cartels
are active irmore than one Member State of the European Comm(iitsopean market)The
remaining cartels are actiggobally or focus on one European coun{iNational) We identify
cartel type according to the classification in Russo, Schinkel, Glnster am@ C210). Cartels
may be of multiple typedepending on the complexity of the underlying agreement. Most cartels
in our sample involve some type afqe-fixing and market sharing agreement.

Table 2reports the summary statistics foevariables on the firm level. Panel (a) reports
the statisticdor the entire sample. Panel (b) shows the summary statistic®arartel period
(combined pre and postcartel period). Panel (c) statédse summary statistics fahe cartel
phase. The number of observations for the dependent variables in Panel (a) corresprasds t
of the regression outcome. We have full information on all explanatory variablesti8neare

missing observations for the series of the dependent variables, the numbendatarsedrops.

8 Bryant and Eckard (1991) use a hazard rate analysis to study the detesroineartel duration of investigated
cartels by the Department of Justice during 1961 to 1988. Combe, Monier ahq2088) reeat the study using
European Commission cartel investigations from 1967 to 2003 findingasiragults. Levenstein and Suslow (2006)
examine determinants of cartel success measured as cartel duration arelgroeid analysis.

® Commission Notice on imunity from fines and reduction of fines in cartel cases (Leniency &Jott18 July
1996; Commission Notice on immunity from fines and reduction of finesartel casesf 19 February 2002;
Commission Notice on Immunity from fines and reduction of fimegartel cases (New Leniency Notice) of 8
December 2006.

Y Food Flavor Enhancer€ommission decision 2004/206/EC [2004] OJ L 75/1, Case COMP/C.37.671
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Missing valuesappear to beandomly spread across time. The mean of ROA is about pleree
centfor the larger sample. R&D ovessets and R&D over sales alsoon average around three
to four per cenffor the firms in our sample. Sales over employeemi®st$400,000 on average.

The carté phase accounts for 4fker centof the sample which means that the-paad
postcartel period is jointly larger than the cartel period. About elepen centof all firms are
ringleaders whereas in one fourth of all cases a ringleader was de@eebafde 1)Ringleaders
are commonly defined by the Commission for determining the fine. Theeya aieason for
aggravating circumstances according to the fining guidelines beingsanrdor increasing the
imposed base fin€. A cartel has on average 14 membierour sampleFew of the cartels
included in our study is complete in the sense of reporting the performance of &kérmem

The mean of ROA in Panel (b) is significantly lower than the one in Panel (c)
indicating that during the cartel period, ROA i averagehigher thanduring anon-cartel one
The difference is around®per centpoint The means of R&D oversaets and R&D over sales
are higher during the cartel phase than before and R&d. over assets is on average @&
cent point lower duing the non cartel phase. The means of R&D over sales differ by one per
cent Sales over employees is cleatbwer during the carteperiod The difference is about
$100,000 for the two sampleBhedifferencesin meansn Table 2 may be due to both within and
between effects. Between effects are largely that for examplP intensive industries it is more
common tofind a cartel.Consequently, we need regression analysis employing fixed effects on

the cross section to overcome the shortcomings of wattihbetween effects in a panel data set.

4.2 Regressioresults

Table 4shows the impact of cartel existence for each dependent vaonabkng on the pre and
postcarteltime. In all four specifications, we account for cressctional and year fixedfects
explaining the high R?, especially for the models testingvation.By using fixed effects for the
crosssectional and the time dimension, we account for changes across firms and in the
underlyinggeneraleconomic conditions, respectively all models followingTable 4, weuse

one performance measuat the time. We start with an estimationtted determinants dROA
representing profitability, R&D expensemeasuringinnovation and employees overakes

representing (labor) efficiency and include a pre and postcartel dummy. The second

1 Commission of the European Communities. 1998. Guidelines on the metbetting fines imposed pursitao
Article 15(2)(a) of Regulation No 17 and Article 65(5) of the ECSC Treatyci@liflournal of the European Union,
14.1.1998, C 9/3.
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specificatiors depicted in TableS-7 allow for time variation of the variables by introducing a
cartel trend. Thehird modek includethe cartel dummy and trend as well as three additional
explanatory variables:ngleader, number of partiesd cartel typeAll three variables are zero

in the noneartel period.

The first column ofTable 4presents the pre ambstcartelperiod effect on pfitability
at the firm level. Te number of observations is 25880A is significantly lower after the end of
the cartelandreduced by almost or@er cent Possible reasons for the insignificance of phe
carteldummy are that the Commission might & able to determine the start of the cartel
precisely andor the slow riseof cartel prices initiated by the cartel members transferring only
gradually into ROA. The significant drop at the end of the cartel phase is suppofethbgg
(19843. The author finds a significant decrease of the price level after sustninvestigation
which is closed with a prohibition. Studies on the stock market reaction to antitbgiifpon
decisions also find a significant drop at the investigation and de@@s&mt (Bosch and Eckard,
1981; Gunster and van Dijk, 2010).

Columns 3-4of Table 4show the results for the two measuresnobvation The sample
size is significantly lower as the one for ROA because of missing observath@msretrieving
R&D expensedrom Worldscope. The adjusted R2s for both variables are around 90 per cent
which is mainly explained by the inclusion of fixed effects for the time and firm rdiime.
Before and after a cartel phase, R&D expenses over sales are significarglythagh during a
cartel phase. Going from a phase without horizontal agreements gioase with those
agreements, decreases the Ré&Xpenses over sales by about 82 centpoint Once the cartel
ended R&D expenses over sales rise again by 0.2 per cent on average. R&D overeasabts ar
significanty different from the cartel phase prior to its existence. On average, R&D expenses
over assets are Of2er centhigher prior to the cartel phase. A possible explanation for the
insignificance of theposteartel dummyfor R&D expenses over assets might be the lack in
profitability to be invested into R&Baused by a significant reduction in prokbr the latter see
the results on ROA.

Columns 2show the impact of pre ambstcartelindicators on the productivity measure
The column depicts employees over sales for which there are 254 1atissexhe adjusted R?
of the specifications 76 per cent The postcarteldummy is significantly positive indicating an
increase in efficiency after the cartel. So either a rise in output or a reductarployees cause
the change since an increasepiice above the output effect is quite unlikely. Sitloe cartel
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start might be more difficult to prove than the end of a cartel for the Commigs&amith ROA,

we find a significantly negative coefficient for the pre cartel perfod alternative exg@nation
might be that the cartel members produce even less efficient before the caratidio. Possibly
a down turn or restructuring of the industry take place being an incentive tafoamel in the
first place.

Table 5focuses on profitability of artels extending the analysis by allowing for time
varying effects inside the cartel phaserporatedas a cartel trend) and additional explanatory
variables.The adjusted R2 i86 per cent In the first model, which focuses on the cartel phase,
there & asizeableimpact of 0.5 per cerointduring the cartel phas&/hen adjusting for time
variation during the cartel phasthe trendis significant atany common significance level,
indicating thata gradual risef 0.1 centin cartel profitability might representgartel outcomes
better The gradual increase may better explain cartel profitability becaust members might
renegotiate prices at higher levels step wise.

The third specification of ROA includes three additional explanatory vasiable
ringleader, number of partiesd cartel type. When including these additional measures, we find
a significant impact of the trend indicating that cartels increase theirrparioe gradually
which is in line with the survey dulotova (2008). Theise in profitability is 01 per centpoint
per year for all cartel memberShe number of partiethe type of cartel agreemeand being a
ringleaderdo not significantly contribute to explaining cartel profitability in our stuecusing
on allocative inefficiacy, there is some indirect evidence tleattel firms seem to significantly
promotethis type ofinefficiency. Taking a crude measure defining the dead weight loss as a half
profit (Harberger, 1954) indicates that societal welfare decreases bpdr.@&nt over the cartel
period.

For productive efficiency, we focus dhe determinantsales over employees. Table 6
shows the results of a model with creextion and time fixed effeciscluded The adjusted R2s
for the three models is 7@ger cent. The basmodel including only a cartel dummy shows
decrease in terms of productivity and thereby efficiency during thel qetied. We find an
impact on productivity when distinguishing for the number of parties, type of cantgeader,
cartel and cartekend. There is a drop by about $100,000 in (labor) productivitg.ringleader
reduces either output or the number of employees even further than all other méribers
fixing cartels work more efficiently than all other types of cartels or redugauboless. In
analogy, a higher number of parties leads to operating more efficientlgsooulgput reaction,
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which might be seen as an indication for cheating. Conclusively, Leibensteia’saibdeit x
inefficiency which in our modelelates to a decreas@roductivityis backed. As with missing
incentives to stay competitively by innovatiagd being costonsciousfirms in cartels seem to
show a‘quiet life’ effect in terms of productivity in the absence of tight competifidre ‘quiet
life’ effect is mast pronounced for ringleaders, least pronounced for fikcey cartels and
decreasing with the number of cartel members.

Table 7 shows the results of the impact of cartel existence on the amount of R&D
investments. Columns indicated with (a) and (b) rrédeR&D expenses over assets and R&D
expenses over sales, respectively. The numbers of observations are 1619 and 1915 for both
samples respectivelywhich is significantly smaller than for the other variables because R&D
expenses are often not retrievalfilom Worldscope. The adjusted R2s for all models are around
90 per centbeing mainly due to the incorporation of creestion and time fixed effects.

R&D expenses oversaets drops significantly by Opggr centpointduring the cartel time
horizon. Wheradding a cartel trend, the two variables offset edlhr's impact. When adjusting
for ringleader, parties, and cartel type, the trend is significanegative indicating a 0.02 per
centpointdecline in R&D expenses over assets per year in which the firm is member tdla car
Firms being part of a price fixing cartel invest even less in R&D than firmsrireXample
marketsharing, quotaetting and export cartels. Having guaranteed prices apparéetly
motivates product and/or process innovation.

The results on R&D expenses over sales confirm the results founB&br expenses
over assets partly. During the cartel, R&D expenses over sales dropg®r @ehtpoint which is
a little bitmore pronounced change than for R&D expenses over assets. Whelnge cartel
trend, tle adjusted R? slightly improves and the trend is statistically significant, imgjca
gradual decline by 0.06 per cent. When adding the ringleader dummy, the number of parties and
the dummy indicating a price fixing cartel, thartel trend becomes slightly larger. In addition,
the number of parties is significant at finee per centsignificancelevel. It has a positive impact
on the amount spent on innovation. Since the likelihood of a cartel breakup increase® with th
number ® members, the participating firms might want to be prepared for a potentalties
and consequently, invest more (Stigler 1,96d4venstein and Suslow, 2006The results on
innovative efforts clearly support the conclusion of the model by Arrow (186@)ingthat a

lack of competition leads to a lack of incentives to innovate. The longer the noncompeting phase
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lasts, the stronger is the impact of the missing incentive. Consequentgls @ag decreasing

social welfare in form of decreasing dynamiitogency.

4.3 Robustness
With a robustness check, we acknowledge the existence of reversed caueattlglyFirms
form cartels to cooter downturns in the industry (&% and Senecal975) or to escape
competition leading to higher profits, lower incentives for innovating and staying effitient
Similarly to Aghion, Bloom, Blundell, Griffith and Howitt (2005), we want to account for the
possibility of market structure determining the competitive or innovative preces®r firms
actively changing th market structure to determine competitive or innovative prod®ss,
employing instruments testing for thieversed causality problem. In line with Aghion, Bloom,
Blundell, Griffith and Howitt (2005), we have to employ an instrument whichme &nd cres
section independent for keeping the possibility to use fixed effects on both dimersions.
contrast to their analysis, we cannot use policy introductions increasing dbterarapetition
because these might affect all our sectors simil&iygce wefocus on cartel performance, we
choose cartel infringements in a given industry in a respective yearvéo dua instrument
independent from the cross section and time dimension. The number of cartel convictions in a
given industry and year should measure the incentive to compete. Consequently, a ligh num
of convictions indicates a high resistance to competitionvemedversa

Table 8 shows the results of our instrument specification. We are only abldé tmeées
independent variable at a time since evey use on instrumenf. The coefficient of cartel on
profitability indeed changes sign, hinting at the conclusion that firms fortel€dao counter
losses in profitability. The coefficient is significant at any conventiemgificance level and
around minus ten per cent, indicating a significant severing of market conditleors.x
inefficiency, the instrument specification supports previous findings; @ffigi decreases during
the cartel phase. The economic impact of the coefficient of the cartehylusnsignificantly
larger than in the original model displayed in Table 6. The dummy shows also to be of

12\We are thankful to Philippe Aghion and Kaive Kiihn for hinting at thigossibility.

13| don't remember the instent test!!! Could you tell me authors??? The relefastatisticis 67.570which is
above the critical level of???. The coefficient of the specification of auoftannual cartel convictions per industry
on the state of being in a cartel is negative as hypothesized. The Cammissbvering cartels in a specific
industry should be negatively related to being inside a cartel as &firrrop of testing for this instrument, we also
tried various summations and year dependent moving averages wsthmgés. None of the variations of the
instrument passed the ??? test apart from the origneal
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significance irrespective of additional explanatory variable. Hence, thé iestriengthened:or
R&D expendiures, we find a similar result; all explanatory variables are significant at lowe
significance levels and the economic magnitude increases signific&othzlusively,we find
evidence thatirms potentially form cartels during timef distress where we may only speculate
about the type oflownturn.Still, cartel members seem to increase dynamic inefficiency and x

inefficiency thereby reducing overall societal welfare.

5. Conclusions

The main aim of our researchconcentrateson determining the impact artels have on
profitability, productivity andnnovation.Based on existing efficiency theorjésree hypotheses
concerning carteformation on profitability, productivity andinnovation exist Profitability
should accordinly increase during cartel periods with respect to pre postcartel times.
Productivity andinnovationshould decrease as the lack of competition fesaereduction in
competitionfor innovationandefficiency. The Schumpeterian hypothesis argues for the contrary
though in the case dahnovation. We testthese hypothesewith the help offour different
financial indicatorsepresenhg profitability, the incentive to innovativendproductivity.

The first hypothesis assumes an increase in profitadiliting cartel yearsThe hypothesis
is based on thassunption thatfirms raise their prices wheaointly monopoliazng amarket The
model explainingROA provides strong evidence suppory an increasein profitability.
Profitability rises over time gradually. The number oftiear the type of cartel and being a
ringleaderdo not seem to influence the rise of profitability during a cartel pefiadting into
consideration our specification accounting for endogeneity, firms might fotelscas a counter
reaction to any type of industry specific distress.

The secondhypotheis assumes a decrease immovation during cartel yearsThe
hypothesis is based on the dynamic efficiency theory @eguandecrease imnovationwhen
firms face less competition. To test this hypothesis investigatetwo innovationvariables
R&D expenses relative to assetsd R&D expenses relative to sald#though theseariablesdo
not measure innovatioonutput they do measure thacentiveto invest in new products and
technologiesThe empirical results for botariablesshow adecreaseduring cartel years. These
resultsthus supporthe decrease imnovation hypothesjsvhich finds support in our instrument

specification. Hence, the Arrow (1962) effect is at work.
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The third hypothesis assumes a decrease in productivity during cartel yedaes. T
hypothesis is based on the productive efficiency theory assuming a lower level of igriyduct
when firms face less competition because they then have fewer incentives tahadaopast
efficient technologies produce at minimum coststc. resulting into xinefficiency. The
regression on the determinants of sales over empleyggsorts this hypothesikspecially the
cartel trend indicates a ‘quiet life’ effect to be at wdkice we use sales over employees, our
study has a limitation. Sales are eqtealprice times quantity. Hence, changes in our measure
may be due to changes in both real productivity (output over employees) and in tHevatioé
products sold. It is likely that the price level goes up during the cartel phase, henceasurem
presumably only underestimates the real productivity decreases during thepeaidd. This
would strengthen our conclusion, which is supported by the specification acgoiantpotential

endogeneity.

17



References

Aghion, P. and Howitt, P. (1992). A Model of Growth through Creative Destruction,
Econometrica60, 323-351.

Arrow, K. (1962). Economic Welfare and the Allocation of Resources for InverntioR,R.
Nelson,TheRateof Inventive ActivityPrinceton Uniersity Press 609-625.

Asch, P, and Seneca, J.J. (197%)haracteristics of Collusive FisnJournal of Industrial
Economics23, 223-237.

Baker, J.B. (2003). The Case for Antitrust Enforceméotirnal of Economic Perspectiveky,
27-50.

Berger, A.N, and Hannan, T.H. (1998].he Efficiency Caost of Market Power in theBanking
Industry: A Test of the Quiet Life and €&atedHypothesesReview of Economics and
Statistics 80, 454-465.

Bolotova, Y. (2@0). CartelOverchargesAn Empirical Analysis,Journal of Economic Behavior
and Organizationforthcoming

Bosch, J.C., and Eckard, E.W. (199The Profitability of Price Fixing: Evidence from Stock
Market Reaction to Federal IndictmerfReview of Economics and Statisti¢8, 309-17.

Bryant, P., and Eckard. (1991). Price Fixing: The Probability of Getting Caught,Review of
Economics and Statistic33, 531-536.

Button, K.J., and WeymarJones,T.G. (1992. Ownership Structure, Institutional Orgaaiin
and Measured >Efficiency, American Economic Revie®2, 439-445.

Carree, M., Glnster, A., and Schinkel, M.P. (2010). European Antitrust Policy: An Anafysi
Commission Decisions, 1962004.Review of Industrial Organizatioi6, 97-131.

Combe,E., Monnier C., and R. Legal, (2008he Probability of Gettig Caught in the European
Union, Working Paper Conseille de la Concurrence

Combe, E., and Monier, C. (2009). Fines against Hard Core Cartels in Europe: The Myth of Over
EnforcementConcurrences4, 41-50.

Connor, J., and BolotoyaY. (2006). Cartel Overcharges: Survey andVetaanalysis
International Journal of Industrial Organizatip24, 1109-1137.

Cournot,A.-A. (1838).Recherches sur ld¥incipesMathématiques de [&héorie desRichesses
(In English: Researches into the Mathematical Principles of the Theory of Wealth
Dunod.

Crandall, R.W.,and Winston, C. (2003). Does Antitrust Policy Improve Consumer Welfare?
Journal of Economic Perspectives/, 3-26.

18



Demsetz, H.(1969). Information and Efficiency: Another ViewpointJournal of Law and
Economics12, 1-12.

Feinberg, R.M. (1984a).heTiming of Antitrust Efects onPricing, Applied Economicsl6, 397-
4009.

Feinberg, R.M. (1984b). Strategic and Deterrent Pricing Responses to Artitrestigations,
International Journal of Industrial Organizatiog, 75-84.

Finkelstein, M.O,. and, Levenbach, H. (1983 egression Estimates of Damages in PFicgng
Casesl.aw and Contemporary Problen#6, 145-169.
Genesove, D., andullin, W.P. (2001). Rules, Communicatioand Collusion: Narrative
Evidencefromthe Sugar Institute Cas@&merican EconomiReview 91, 379-398.
Geroski, P., (1994)Market Structure, Corporate Performance and Innovafetivity, Oxford:
Clarendon Press.

Grabowski,H.G. (1968).The Determinants of Industrial Research and Development: A Study of
the Chemicals,Drug, and Petrolan Industries Journal of Political Economy72 292
306.

Glunster, A., and van Dijk, M.A. (2010)he Impact of European Antitrust Polidgvidence from
the Stock MarketWorking PaperETH Zurich / Erasmus University Rotterdam.

Gupta,B. (1997). Collusiorin the Indian Tea Industry in the Great Depression: An Analysis of
Panel DataExplorations in Economic Histoy34, 155-173.

Harberger, A. C(1954).Monopoly and Resource AllocatioAmerican EconomiReview44(2),
77-87.

Levenstein, M. and Suslow VY. (2006). What Determines Cartel Successy Journal of
Economic Literaturg44, 43-95.

Leibenstein, H(1966).Allocative Efficiency vs. X-efficiency, American Economic RevieWw6,
392-415.

Madhavan A.N., Masson R.T., and,Lesser W.H. (1994).Cooperatbn for Monopolization? An
Empirical Analysisof Cartelization Review of Economics and Statisti¢é, 161-175.

Marshal A. (1890).Principles of EconomicEd. 8. London: Macmillan (1920).

Marshal A. (1892).Elements of Economics of IndustBd. 3°. London: Macmillan (1964).

Motta, M. (2004).Competition Policy: Theory and Practic€ambridge: Cambridge University
Press.

Nickell, S. (1996) Competition and Corporate Performandeuyrnal of Political Economy104
724-746.

19



Porter, R.H. (1983)A Studyof Cartel Stability: The Joint Executive Committee, 1-4886,Bell
Journal of Economigsl4, 301-314.

Roller, L.H., and SteenF. (2006).0On the Workings of a Cartel: Evidence from the Norwegian
Cement IndustryAmerican Economic Revie®6, 321-38.

Rus®, F., Schinkel, M.P., Glnster, A., and Carree, M., (20)opean Commission Decisions
on Competition: Economic Perspectives on Landmark Antitrust and Merger ,Cases
Cambridge: Cambridge University Press

Schumpeter, J. (1912)Theorie der Wirtschaftlickn Entwicklung (In English: Theory of
Economic Development_eipzig: Duncker & Humbilot.

Symeonidis G. (2001). Price Competition, Innovation and Profitability: Theory and UK
Evidence, in LevensteiM.C., and SalantS.W. e€dg, Cartels The InternationiaLibrary
of Critical Writings in Economics serieEdward Elgar, 2007. Also available as CEPR
Discussion Paper No. 2816.

Stigler, G.(1964).A Theory of OligopolyJournal of Political Economy72, 44-61.

Taylor, J.(2002).The Output Hfects of Governmemn Sponsored @rtelsDuring theNew Deal,
Journal of Industrial Economi¢®0, 1-10.

20



Table 1: Summary statistics of cartel characteristics

This tablepresentsummary statisticen thefollowing characteristics of th&9 cartelsbetween 1980 and 2004
in our samplethe startdate andend date of the cartel, the duration, the number of firms invdlwedtal and

in our sample), whether the EC identified a ringledaer that is in our sample, the economic conduct for
whichthe firms involved were convietl, and the industry and geographic scope ofdinel

Mean  Median Min. Max. Std.Dev. #Obs.
Cartel duration and eport route
Y earof formation 1991 1992 1981 2000 4.85 49
Y earof termination 1997 1998 1986 2004 4.41 49
Duration (years) 6.71 6 2 16 3.37 49
Notification 0.04 0 0 1 0.20 49
Complaint 0.07 0 0 1 0.25 49
Commission 0.28 0 0 1 0.45 49
Leniency 0.61 1 0 1 0.49 49
Cartel nembers
Number of firms involved 10.20 7 2 42 8.80 49
Number of firms in our sample 3.80 3 1 10 2.47 49
Ringleader identified 0.24 0 0 1 0.43 49
Only European firms 0.59 1 0 1 0.50 49
European and noBuropean firms 0.35 0 0 1 0.48 49
Only non-Europearirms 0.06 0 0 1 0.24 49
Cartel type
Price fixing 0.44 0.5 0 1 0.30 49
Market sharing 0.37 0.33 0 1 0.30 49
Information exchange 0.09 0 0 0.5 0.16 49
Standard setting & advertising 0.06 0 0 0.5 0.14 49
Bid rigging 0.02 0 0 0.25 0.06 49
Export 0.02 0 0 1 0.14 49
Industry and geographic scope
Chemicals 0.29 0 0 1 0.46 49
Plastics, rubber & glass 0.27 0 0 1 0.45 49
Food & drinks 0.14 0 0 1 0.35 49
Metal products & engineering 0.12 0 0 1 0.33 49
Transportation 0.10 0 0 1 0.31 49
Banking 0.06 0 0 1 0.24 49
Electricity & gas 0.02 0 0 1 0.14 49
Nationalmarket 0.10 0 0 1 0.31 49
Europeamarket 0.80 1 0 1 0.41 49
Globalmarket 0.10 0 0 1 0.31 49
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Table2: Summary statistics of cartel performanceat the firm-level

This tablepresentssummary statisticef the performance of th49 cartelsbetween 1980 and 2004 our
sample measured at the level of thd1individual firms in our sample that were involvedtivese cartelsThe
table includes information on the following performance measures: profitabdityrfron assets), productivity
(sales over employees, expressed in million&)8#), and innovationR&D expenses over assets and over
sales). Panel A of the table shows summary statistics for the full sanghleling both the cartel period and
the pre and postcartel periods. Panel B shows summary statistics fofirtmeyear observationsutside the
cartel period (that is, the prand post-cartel periods combineBanel C shows summary statistics for the firm
year observationis the cartel period only.

Sales over R&D expenses R&D expenses

Return on assets employees ($m.) over assats over sales

PANEL A: FULL SAMPLE (CARTEL AND PRE/POSTCARTEL PERIOD COMBINED)

Mean 0.03216 0.39112 0.03186 0.03593
Median 0.03072 0.22305 0.02212 0.02522
Maximum 0.16256 6.39737 0.15189 0.18067
Minimum -0.13317 0.02972 0.00000 0.00000
Std. Dev. 0.03862 0.56875 0.02827 0.03520
# Firmyear obs. 2593 2514 1619 1615
PANEL B: PRE-/POSFCARTEL PERIOD COMBINED
Mean 0.03030 0.43198 0.03092 0.03522
Median 0.02917 0.24086 0.02121 0.02366
Maximum 0.16256 6.39737 0.15189 0.18067
Minimum -0.13317 0.02972 0.00000 0.00000
Std. Dev. 0.04023 0.62017 0.02929 0.03645
# Firmyear obs. 1526 1470 935 931
PANEL C: CARTEL PERIOD

Mean 0.03481 0.33359 0.03315 0.03690
Median 0.03393 0.20529 0.02402 0.02819
Maximum 0.15515 4.87925 0.12935 0.16824
Minimum -0.13317 0.03188 0.00000 0.00000
Std. Dev. 0.03605 0.48167 0.02677 0.03341
# Firmyear obs. 1067 1044 684 634
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Table 4: Panel models of cartel performance: Cartel vs. pre-/post-cartel periods

This table shows thestimationresults ofpanelregressionso explain variatioracross the preartel, cartel, and
posteartel periods in the following annual performance measatrake firm-level profitability (return on
assetsor ROA), productivity (sales over employees, expressed in millioiundg, and innovation (R&D
experses over assets and over spl€he explanatoryariables are dummy variables that assume a value of 1
during respectively, the preartel and postartel periods (for each of thel4l individual firms that were
involved in the49 cartelsbetween 1980 an@004in our sample), and a value of O otherwise. The number of
firms is 185 due to overlapping cartel activity and repeat offenéddirpanel models contain firm and year
fixed-effects.Significance at the 1%, 5%, and 10% level is indicated by ***, q &, respectively

Variable ROA Sales’Employees R& D/Assets R& D/Sales
Precartel dummy -0.0019 -0.0812*** 0.0024** 0.0022***
(0.0022) (0.0202) (0.0010) (0.0008)
Postcartel dummy -0.0087*** 0.0517*** 0.0017* 0.0009
(0.0022) (0.0199) (0.0010) (0.0007)
Firm fixed-effects yes yes yes yes
Year fixedeffects yes yes yes yes
# Firmyear obs. 2593 2514 1615 1619
R2 0.4090 0.7827 0.9171 0.9236
Adj. R2 0.3566 0.7628 0.9076 0.9148
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Table5: Panel models of cartel performance: Profitability

This table shows thestimationresultsof panel regressions to explain variation in anmuafitability (return

on assets, or ROAgt the firmlevel, for each of thel41individual firms that were involved in th&9 cartels
betwea 1980 and 200# our sampleThe number of firms is 185 due to overlapping cartel activity and repeat
offenders.The explanatory variables are (i) a dummy variable that assumes a value iofylifticartel period

and a value of 0 otherwise; (ii) a tcemariable that assumes a value equal to the number of years the cartel has
been in place during the cartel period, and zero otherwise; (iii) a dummy gahablssumes a value of 1 for
the ringleader during the cartel period, and zero otherwise; {aiable that assumes a value equal to the total
number of companies involved in the cartel during the cartel period, and zero othendigg) @ dummy
variable that assumes a value of 1 for price fixing cartels during the cartel, @ribzero othenge All panel
models contain firm and year fixedfects.Significance at the 1%, 5%, and 10% levehiicated by ***, **,

and *, respectively

Variable ROA ROA ROA
Model (1) Model (2) Model (3)
Cartel 0.0054**=* 0.0014 0.0028
(0.0015) (0.0020) (0.0039)
Cartel trend 0.0009*** 0.0010***
(0.0003) (0.0003)
Ringleader 0.0011
(0.0033)
Number of firms involved -0.0006
(0.0006)
Price fixing 0.0027
(0.0052)
Firm fixed-effects yes yes yes
Year fixedeffects yes yes yes
# Firmyear obs. 2593 2593 2593
R2 0.4079 0.4099 0.4102
Adj. R2 0.3558 0.3576 0.3571
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Table 6: Panel models of cartel performance: Productivity

This table shows thestimationresultsof panel regressions to explain variation in anmabuctivity (sales
over employees, expressed in milliondofrog at thefirm-level, for each of th&é4lindividual firms that were
involved in the49 cartels between 1980 and 200#h our sample. The number of firms is 185 due to
overlapping cartel actity and repeat offenderS’he explanatory variables are (i) a dummy variable that
assumes a value of 1 during the cartel period and a value of O otherwiserg(iijl avariable that assumes a
value equal to the number of years the cartel has been induieing the cartel period, and zero otherwise; (iii)
a dummy variable that assumes a value of 1 for the ringleader during the céotklged zero otherwise; (iv)

a variable that assumes a value equal to the total number of companies involeedaitettluring the cartel
period, and zero otherwise; and (v) a dummy variable that assumes a value pfidefdixing cartels during
the cartel period, and zero otherwiSgynificance at the 1%, 5%, and 10% levahiicated by ***, ** and *,
respectivly.

Variable Sales’Employees  SalesEmployees  SaleEmployees

Model (1) Model (2) Model (3)
Cartel 0.0139 0.0179 -0.1061***
(0.0132) (0.0185) (0.0360)
Cartel trend -0.0009 -0.0004
(0.0031) (0.0031)
Ringleader -0.1120***
(0.0297)
Number of firms involved 0.0131***
(0.0052)
Price fixing 0.2296***
(0.0477)
Firm fixed-effects yes yes yes
Year fixedeffects yes yes yes
# Firmyear obs. 2514 2514 2514
R2 0.7808 0.7809 0.7846
Adj. R2 0.7608 0.7608 0.7645
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Table 7: Panel models of cartel performance: R& D investment

This table shows thestimationresultsof panel regressions to explain variation in annual innovation (R&D
expenses over assets and over sales) at thdefueh) for each of th&4lindividual firms that were involved in
the 49 cartelsbetween 1980 and 2004 our sample. The number of firms is 185 due to overlapping cartel
activity and repeat offenders. The explanatory variables are (i) a dumrapleatiat assumes a value of 1
during the cartel period and a value of O otherwise; (ii) a trend variable that assumes a@&yadl to the
number of years the cartel has been in place during the cartel period, and zersetidha dummy variable
that assumes a value of 1 for the ringleader during the cartel period, and zero gtlfetmaseariable that
assumes a value equal to the total number of companies involved in the cartel durantetipedod, and zero
otherwise; and (v) a dummy variable that assumes a value of 1 fofipingecartels during the cartel period,
and zero otherwise. All panel models contain firm and year-fetistts.Significance at the 1%, 5%, and 10%
level isindicated by ***, ** and *, respectively.

R& D/Assets R& D/Assets R& D/Assets R& D/Sales R&D/Sales R& D/Sales

Variable Model (1) Model (2) Model 3) Model (1) Model (2) Model (3)
Cartel -0.0015***  -0.0008 0.0007 -0.0020***  0.0007 -0.0001
(0.0005) (0.0007) (0.0014) (0.0007) (0.0009) (0.0018)
Cartel trend -0.0002 -0.0002* -0.0006*** -0.0007***
(0.0001) (0.0001) (0.0001) (0.0001)
Ringleader 0.0004 0.0018
(0.0012) (0.0016)
Number of firms involved 0.0003 0.0006**
(0.0002) (0.0003)
Price fixing -0.0077*** -0.0062**
(0.0022) (0.0028)
Firm fixed-effects yes yes yes yes yes yes
Year fixedeffects yes yes yes yes yes yes
# Firmyear obs. 1619 1619 1619 1615 1615 1615
R2 0.9235 0.9236 0.9244 0.9171 0.9181 0.9191
Adj. R2 0.9147 0.9148 0.9155 0.9076 0.9088 0.9097
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Table 8: Panel models of cartel performance: R& D investment

This table shows thestimationresultsof panel regressions to explain variation in annual innovation (R&D
expenses over assets and over sales) at thdefueh for each of th&41individual firms that were involved in
the 49 cartelbetween 1980 and 2004 our sample. The number of firms is 185 due to overlapping cartel
activity and repeat offenders. The explanatory variables are (i) a dumrapleattiat assumes a value of 1
during the cartel period and a value of 0 otherwise; (ii) a trend variable thatezsaumalue equal to the
number of years the cartel has been in place during tiel period, and zero otherwisk addition, the
specification includes as an instrument the rate of droautel convictions per industry the firm is located in.
All panel models contain firm and year fixetfects.Significance at the 1%, 5%, and 10% level is indicated by
ek &% and *, respectively.

) Sales/ Sales/ R&D/ R&D/ R&D/ R&D/
Variable ROA ROA
Employees  Employees Assets Assets Sales Sales
Cartel -0.0934*** -0.7938*** -0.0285*** -0.0188***
(0.0384) (0.3188) (0.0089) (0.0063)
Cartel trend -0.0096*** -0.0874*** 0.0033** 0.0022*
* *%
(0.0031) (0.0284) (0.0009) (0.0006)
Instrument yes yes yes yes yes yes yes yes
Firm fixec es es es es es es es es
effects y y y y y y y y
vear fixed es es es es es es es es
effects Y Yy Y Yy Yy Y Y y
# Firmyear obs. 2593 2593 2514 2514 1615 1615 1619 1619
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