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Abstract
Utilizing Connor’s International Cartel Database and employing difference-in-dif-
ferences methodology, we find that market concentration, the number of buyers and 
cartel duration have significant impacts on cartel overcharges. We also find that the 
European Commission’s 2006 guidelines on the method of setting fines for cartel 
infringements seem to have decreased cartel overcharges in the EU. In addition, the 
EU’s cartel damages directive of 2014 (2014/104/EU) appears to have increased 
private damage payments. Overall, we find support that these two changes in EU 
competition policy have a reversing impact on the otherwise increasing trend of 
cartel overcharges, as these measures tend to make infringements more costly at 
least in the EU.
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1  Introduction

A key goal of antitrust policy is to deter cartels, so as to preserve market competition 
in order to ensure that markets foster efficiency and consumers get a fair deal (see, 
e.g., Motta, 2004, Feinberg, 2023, Haucap & Heldman, 2023). To accomplish this, 
competition authorities and policy makers must establish a deterrence framework that 
typically includes prohibitions and penalties and, at least for the last twenty years, 
increasingly also compensation for damages inflicted on buyers by anticompetitive 
conduct, or sellers in case of a buyer cartel (see, e.g., Block et al., 1981; Boulu-
Reshef & Monnier, 2024; Auriol et al., 2023). According to the simplest economic 
theory, following Becker (1968), the optimal fine depends on the additional profit 
gained by the cartel members, the harm caused (i.e., the total deadweight loss caused 
by the misconduct), and the likelihood of detection. Several papers have elaborated 
on this simple analysis and included enforcement costs, the likelihood of private 
lawsuits, and several other factors (e.g., Polinsky & Shavell, 1979, 1984; Landes, 
1983; Garoupa, 2001; Wils, 2006; Korsten & Samuel, 2023; Bento & Barros, 2025).

The United States and the European Union have antitrust policies that often serve 
as templates for competition authorities in other jurisdictions. Hence, analyzing the 
effectiveness of competition policy instruments used in the USA and the EU is of 
particular relevance also for other jurisdictions.

In the U.S., the Federal Sentencing Guidelines provide a framework for penalizing 
cartel offenses. Penalties depend, firstly, on the volume of commerce affected by the 
cartel, and secondly, on specific characteristics of the case and the particular behavior 
of the cartel and its members. More precisely, the process of setting the fines starts 
with establishing a base offense level for the individual or organization involved 
in the cartel. This base level is then increased based on the volume of commerce 
affected by the cartel activity. Consequently, the offense level is adjusted based on 
specific characteristics, such as (i) bid rigging, which increases the offense level, (ii) 
leadership roles, (iii) abuse of trust, as exploiting a position of trust can also lead to 
a higher offense level, (iv) leniency applications and other forms of cooperative or, 
in contrast, obstructive behavior during the cartel investigation. A key objective of 
cartel enforcement is, typically, to deter individuals and organizations from engaging 
in anti-competitive behavior through the threat of penalties.

The legal basis for cartel fines in the European Union is Article 102 of the TFEU 
and Council Regulation 1/2003. In 2006, the European Commission published new 
“Guidelines on the method of setting fines imposed pursuant to Article 23(2)(a) of 
Regulation No 1/2003”. The guidelines set out the methodology used by the Euro-
pean Commission when setting fines on undertakings that infringe the EU’s competi-
tion rules. These guidelines have been applied since September 2006 and aimed at 
improving transparency of how fines are determined. The base fine for EU compe-
tition law violations is set at up to 30% of the company’s annual sales of the con-
cerned product, based on the last full year of the violation, typically ranging from 
15 to 20% for cartels, depending on factors such as the type of infringement, its 
geographic extent, among others. This percentage is multiplied by the duration of 
the infringement (in years and months) to account for the economic damage caused 
over time. The fine may be increased for aggravating factors, like repeated viola-
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tions, or decreased for mitigating factors, such as limited participation. For cartels, 
an additional “entry-fee” penalty of 15 to 25% of one year’s sales is imposed to dis-
courage short-term infringements. The total fine is limited to 10% of the company’s 
annual turnover (of all products). Leniency programs grant full immunity to the first 
company providing evidence or up to 50% reductions for others, while settlements 
offer a 10% fine reduction. In rare cases, fines may be lowered if they jeopardize a 
company’s economic viability (European Commission, 2025).

The U.S. and EU antitrust regulations for cartel sanctions share similarities but 
differ in key aspects. Both calculate the base fine as a percentage of affected sales, 
but the U.S. sets a fixed rate of 20%, justified by an assumed average gain of 10% 
from price-fixing, while the EU allows a range of up to 30% (typically 15 to 20% for 
cartels) without linking to a specific gain. The U.S. accounts for cartel duration by 
aggregating sales across all years of the conspiracy, with each year weighted equally, 
whereas the EU multiplies the base fine (based on the last full year’s sales) by the 
number of years, giving disproportionate weight to that final year. Consequently, EU 
fines can reach 45 to 55% of affected sales, and are thought to be significantly higher 
than the 20% rate in the USA. In addition, the impact of cartel duration on fines varies 
due to these calculation methods (also see Bolotova & Connor, 2008).

This paper firstly provides an empirical analysis of the main determinants of cartel 
charges. In addition, we will also shed light on the effects of the 2006 EU guidelines 
on fines as well as the 2014 EU guidelines for damages (Directive 2014/104/EU), 
which set out rules for individuals and businesses to seek compensation for harm 
caused by cartel and antitrust violations within the EU.

The next section gives a brief review of the empirical literature on the determi-
nants of cartel overcharges and fines, before the third section introduces the by now 
famous International Cartel Database assembled by John Connor (Connor & Lande, 
2005, 2006; Connor & Bolotova, 2006; Connor, 2024), which is by far the most 
extensive database on cartels. We also discuss some key statistical features of these 
cartels. Section 4 presents the empirical analysis on the determinants of cartel over-
charges, fines and damage compensations, and interprets the main findings. Finally, 
we conclude in the last section.

2  A brief review of the literature on determinants of cartel fines and 
damages

Most antitrust regulations set maximum cartel fines either in absolute terms or as a 
percentage of affected sales or a firm’s total revenues or both, without directly linking 
fines to the size of the damages caused. How effective these penalties are in deterring 
anticompetitive behavior is still a subject of intense discussion among policy makers, 
enforcers and academics alike (see, e.g., OECD, 2019).

One of the earliest studies to investigate the effectiveness of antitrust policies and 
the impact of potential fines on cartel formations goes back to Posner (1969) who 
provides a descriptive analysis of data on antitrust violations in the USA for the 
period 1890–1944. According to his analysis, the average duration for the conspiracy 
cases was between six and eleven years and almost half of the cases directly or indi-
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rectly involved foreign trade (Posner, 1969; Bolotova & Connor, 2008). Gallo et 
al. (2000) also provide a descriptive analysis of US antitrust cases for the period 
between 1955 and 1997 and found that about half of the antitrust cases were related 
to horizontal conspiracies. The average duration was between three and eight years, 
and the share of international conspiracies was a bit more than 30%. Furthermore, 
Block et al. (1981), Cohen & Scheffman (1989–1990) and Wils (2007) provide some 
estimates of the ratio of fine to affected commerce (Bolotova & Connor, 2008).

As Connor and Lande (2006) point out, one of the approaches to evaluate the 
effectiveness of antitrust regulations is to analyze changes in the overcharge levels 
over time and across different antitrust jurisdictions. In the case that antitrust regula-
tions are getting more effective, we would expect a decline in cartel overcharges over 
time. Bolotova (2006), using a subset of Connor’s (2005, 2008) overcharge data, 
finds that stricter antitrust regimes correlate with lower cartel overcharges, with the 
1991–2005 period showing the most significant reduction in overcharge levels. Addi-
tionally, overcharges are lower in regions with established antitrust regulations (e.g., 
USA, Canada, EU, and some European countries) compared to regions with newer or 
unenforced regulations (e.g., Asia, Latin America, and rest of the world).

Bolotova and Connor (2008) estimate the determinants of both government fines 
and private compensations for cartel damages separately, taking into account cartel 
overcharges, the volume of affected sales, cartel duration, and geographical locations, 
by using a Tobit maximum likelihood procedure to account for the censored nature 
of the data where the dependent variable has only positive values. Their findings 
show that cartel fines are negatively affected by the magnitude of cartel overcharge, 
contrasting with the theory that rather predicts a positive relationship. The authors 
argue that “more harmful cartels tend to pay smaller fines, on average, resulting in 
an adverse effect of the cartel guilty pleas and leniency programs leading to lower 
penalties actually paid versus higher levels of the imposed damages”. The effect of 
affected sales volumes is positive which means that cartels with larger affected sales 
tend to pay larger fines than cartels with smaller sales volumes, holding all other 
effects constant. Similarly, they find a positive effect of cartel duration, i.e., longer 
lasting cartels tend to be sanctioned with larger fines-, cartel fines. Also according 
to their results, the European Union fined cartels more than the U.S. and the rest 
of the world, holding other factors constant. However, when all all monetary sanc-
tions paid by cartel participants (i.e., government fines and compensations recovered 
by private parties), are considered, the U.S seems to be highest fining jurisdiction. 
A further result reported by this study is the insignificance of overcharge variable 
when it is used as a percentage of affected sales. According to these results, modern 
antitrust regulations fail to deter international cartels effectively, as sanctions, averag-
ing 18.9% (median 4.9%) of affected sales, are lower than the average cartel over-
charge of 27.8% (median 27%). The design of current antitrust regulations, which 
caps fines based on monetary units or a percentage of affected sales without adjusting 
for cartel duration, does not align fines with cartel overcharges, undermining deter-
rence. Contrary to the theory of optimal sanctions, which suggests, by and large, that 
fines should correspond to the harm caused, the study finds a negative relationship 
between cartel overcharges and fines, meaning cartels with higher overcharges face 
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smaller fines. Instead, fines correlate strongly with affected sales, with larger cartels 
paying higher fines, likely due to the perceived gravity of offenses in larger markets.

Bolotova (2009) finds that cartel duration, market characteristics and cartel orga-
nizations, antitrust law regimes, as well as geographical markets, play significant 
roles in determination of cartel overcharges in her empirical analysis based on 406 
overcharge estimations. According to the regression results, cartels with high mar-
ket shares, fewer participants, and greater size inequality among members tend to 
impose higher overcharges, with international cartels causing more significant price 
increases than domestic ones. Overcharges in the US and European markets are gen-
erally lower than those in Asian markets and other regions worldwide. Bolotova, 
Connor and Miller (2007), in a similar analysis, use overcharge estimates from 395 
cartel episodes from the 18th to 21st century, and find an average overcharge of 
19% and a median of 16% of the selling price, with food industry cartels impos-
ing lower overcharges than domestic cartels, longer-lasting cartels generating higher 
overcharges, and cartels found or pleading guilty achieving similar overcharge levels 
as legal cartels. Connor (2008) also surveys economic research and court rulings, 
analyzing 1,040 quantitative estimates of overcharges from hard-core cartels, find-
ing a median long-run overcharge of 18.8 to 25 % for domestic cartels and 31.0% 
for international cartels. The mean overcharge for successful cartels reaches 43.4% 
due to positively skewed data, with convicted and unpunished cartels equally effec-
tive at price increases, though bid-rigging cartels show slightly lower mark-ups than 
price-fixing ones, suggesting a need for higher monetary penalties to achieve optimal 
deterrence.

However, it should be noted that the overcharge numbers in the Connor dataset 
that are employed in the above mentioned studies are estimates obtained through 
different methodologies, sources and contexts rather than from direct observations. 
The sources of collected observations vary from official government reports and 
court and antitrust authorities’ decisions to monograms, historical case studies, jour-
nal publications and working papers. Even though Connor and Bolotova (2006) find 
that duration, legal environment, and organizational characteristics of cartels explain 
the variation of overcharge rates to a greater extent than the type of publication or 
the method of overcharge analysis in a meta-analysis of overcharges from 395 car-
tel episodes, they also find that the robustness of overcharge estimates depend on 
the source of the estimates such as historical case studies and government reports 
calculate lower overcharges, whereas antitrust authorities arrive at relatively high 
rates. Therefore, these data are subject to model error, estimation error, endogeneity 
bias, and publication bias. Boyer and Kotchoni (2015) criticize this methodology 
as the estimates are potentially biased, and fitting a linear regression model without 
addressing these issues could lead to distorted results. They also perform a meta-
analysis of cartel overcharge estimates, and arrive at bias-corrected mean and median 
overcharge estimates of 15.5% and 16%, respectively.

Smuda (2014) has examined cartel overcharges for European markets. To be more 
precise, the impact of different cartel characteristics and the market environment on 
the magnitude of cartel overcharges is analyzed, using a sample of 191 overcharge 
estimates and several parametric and semiparametric estimation procedures. Smuda 
(2014) found the mean and median overcharge rates to be 20.70% and 18.37% of the 
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selling price, with an average cartel duration is 8.35 years. Smuda (2014) concludes 
that from an ex-post perspective the fine levels have been insufficient for optimal 
cartel deterrence. It should be noted though that most of his case pre-date the 2006 
reform and all pre-date the 2014 reform. Obviously, Smuda (2014) does not study the 
impact of these reforms.

In contrast to overcharge levels, cartel fines are generally less subject to empirical 
analysis. Mariuzzo et al. (2020) employ multiple methods to investigate the differ-
ent roles of public sanctions (fines), which are imposed directly by an administrative 
body or the court, and reputational sanctions, which materializes indirectly through 
market mechanisms in deterring misconduct. Based on a sample of 339 listed cartel 
member firms, prosecuted by the European Commission between 1992 and 2015, 
they find that public and reputational sanctions act as substitutes. If there is a reputa-
tional penalty, increasing this penalty reduces the effect of the public sanction. How-
ever, the effect of the cartel fine steps in in the absence of a reputational punishment. 
Bolotova and Connor (2008) focus on cartel sanctions as well as overcharges and 
find that when compensations recovered by private parties are taken into account, 
the average cartel sanction is 18.9% (4.9%) of affected sales. Furthermore, they 
find a negative, statistically significant relationship between the level of cartel sanc-
tions and the overcharge level and a positive and statistically significant relationship 
between the level of cartel sanctions and the volume of affected sales. They argue that 
cartel sanctions tend to be based on the volume of affected sales rather than on the 
overcharge level (i.e., damage).

Finally, Levenstein and Suslow (2011) have estimated the impact of cartel orga-
nizational features, as well as macroeconomic fluctuations and industry structure, 
on cartel duration. Their analysis indicates, among other things, that the probability 
of cartel death from any cause increased significantly after 1995, when competition 
authorities expanded enforcement efforts toward international cartels. 

3  John Connor’s international cartels data base

The Private International Cartels (PIC) data set, originally assembled by John Con-
nor in the early 2000s (see Connor & Lande, 2005, 2006; Connor & Bolotova, 2006) 
and updated by Connor (2020, 2024), stands as the most comprehensive repository 
of legal and economic data on contemporary cartels. Covering the period from 1990 
to 2017, this dataset covers 1,307 cartel cases. In order to determine the main deter-
minants of cartel overcharges, we use this data set both aggregated and disaggregated 
to analyze various aspects of cartel structures, including industry-specific character-
istics, the geographic distribution of firms penalized for cartel participation, the fines 
imposed, and the overcharge rates attributed to cartel activity. Due to some missing 
sector information in three cases, the final data includes 1,304 cases.

We focus on cartel structures by assessing the proportion of market supply con-
trolled by cartelized firms (cartel market share) and the diversity of demand for their 
products. Connor (2020) notes that in some instances, certain cartels reported zero 
overcharge rates, a result he attributes to their inability to capture sufficient market 
share. The terms “many buyers,” “mod buyers,” and “few buyers,” as defined in the 
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original dataset, refer to the products’ demand in over 100 geographic markets, 30 
to 99 markets, and fewer than 30 markets (typically between 5 and 10), respectively.

To better understand the scope and global influence of cartels, the geographic dis-
tribution of firms penalized for their participation is also examined. Overcharge rates, 
which quantify the additional costs imposed by cartels relative to competitive market 
prices, provide insight into both the excessive profits generated by cartels and the 
fines levied against them. Connor categorizes these overcharges under the heading 
“overcharges/competitive sales,” reflecting the percentage of overcharges relative to 
competitive prices. Additionally, the dataset compares overcharge rates with affected 
sales volumes, facilitating a more nuanced understanding of the economic impact. 
Fines imposed for cartel activity are expressed both in total monetary terms and as a 
percentage of sales and overcharge rates. Finally, the variable duration measures the 
lifespan of a cartel in months, offering insights into the persistence and longevity of 
cartel operations.1 

We analyze cartel structures across aggregated industries (see Table 1) and find 
that cartel activity is most prevalent in services and the construction sector, while 
the capital goods sector exhibits the lowest level of cartel activity. In terms of cartel 
market share (i.e., the market share controlled by the cartel), services and the con-
struction sector also rank highest, while the raw materials sector exhibits the lowest 
cartel market shares. With respect to demand heterogeneity, the data reveal that the 
capital goods sector is characterized by a high degree of government procurement, 
with governments accounting for more than 50% of total demand in this sector. This 
observation aligns with the fact that this sector is dominated by a relatively small 
number of buyers. In contrast, most other sectors are found to face markets with a 
more dispersed demand base, typically serving a large number of buyers. A compa-
rable sector to industrial capital goods, but with less government involvement as a 
major buyer, are generic final consumer goods.

Table 2 provides a comprehensive overview of cartel activity across various sec-
tors, measured by the number of firms involved across regions and the average num-
ber of executives implicated in private suits. The services, including construction 
sector stands out as the most active, with the highest number of cases (538) and the 
largest average number of firms globally (12.10), particularly concentrated in Europe 
(8.21). This suggests that cartel activity in the services sector is both extensive and 
involves a substantial number of firms, particularly within Europe.

By contrast, the raw materials sector has the fewest reported cases (33) and the 
smallest average number of firms (6.07). Participation in this sector is relatively lim-
ited, with North America and Asia showing particularly low levels of involvement 
(0.70 and 0.55 firms, respectively). Interestingly, despite the smaller total number of 
cases (66), the industrial capital goods sector exhibits relatively high firm participa-
tion in Asia (1.80) and Latin America (2.15), indicating a stronger cartel presence 
in these regions. Meanwhile, cartel activity in the generic final consumer goods and 
differentiated consumer goods sectors is more moderate, with firms more evenly dis-

1  For further reference, see: John M. Connor’s Private International Cartels Full Data 2019 edition (Ver-
sion 2.0), Purdue University Research Repository. doi:https://doi.org/10.4231/G5GZ-0505.
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tributed across regions, although Europe consistently accounts for the largest share 
of firms in these industries.

Table  3 provides valuable insights into the relationship between penalties and 
overcharges across different industries, highlighting significant variations in both the 
extent of cartel behavior and the effectiveness of enforcement. In the raw materi-
als sector, while the number of cases is relatively low, the mean overcharges are 
notably high relative to competitive sales (38.21%). However, the disparity between 
the mean and median overcharge rates suggests that a few cases involve exception-
ally high overcharges, skewing the overall data. The high penalty-to-overcharge ratio 
(292.67%) indicates that cartels, when detected, are penalized harshly. However, the 
much lower median value points towards inconsistencies in enforcement practices. 
In the industrial intermediate input sector, which accounts for the largest number of 
cases, overcharge behavior is more consistent, with a mean overcharge of 26.68% 
relative to affected sales and 75.44% relative to competitive sales. The relatively 
high penalty-to-sales ratio (mean of 11.35%) reflects an overall robust enforcement 
regime. However, the large gap between the mean and median penalty values sug-
gests that many firms receive significantly lower fines, potentially indicating leniency 
in smaller cases. The penalty-to-overcharge ratio is also lower than in the raw materi-
als sector, suggesting that while overcharges are substantial, penalties may not fully 
correspond to the economic harm caused.

The industrial capital goods sector, on the other hand, exhibits a relatively low 
penalty-to-overcharge ratio (21.41%), raising potential concerns about the adequacy 
of penalties in relation to the economic damage caused by cartels in this sector. 
Despite significant overcharges, firms appear to face relatively lenient penalties. This 
imbalance may point to regulatory gaps or enforcement challenges if firms engaging 
in cartel activity do not encounter sufficient financial deterrence. The generic final 
consumer goods sector stands out with exceptionally high overcharges relative to 
competitive sales, averaging 591.27%, the highest across all sectors. This suggests 
that cartels in this sectors have substantial pricing power, enabling them to manipu-
late prices significantly. Despite this, the penalty-to-overcharge ratio (252.59%) indi-
cates that penalties are more proportionate to the overcharges in this sector. However, 
the substantial difference between mean and median values highlights wide variation 
in cartel behavior and the corresponding penalties, suggesting disparities in enforce-
ment across cases.

Finally, services and the construction sector, which have the highest number of 
cases, demonstrate a pattern of concentrated penalties in a few high-profile cases, 
as evidenced by the stark contrast between the mean and median penalty-to-sales 
ratios (15.74% vs. 0.36%). The relatively high overcharges (90.47% over compet-
itive sales) reflect significant cartel activity in this sector. However, the moderate 
penalty-to-overcharge ratio (67.18%) suggests that penalties may not fully align with 
the level of market distortion caused. This points to potential areas for improvement 
in enforcement mechanisms to ensure penalties effectively deter cartel behavior in 
the services sector.

In Table 4 we provide a broad analysis of cartel market shares, government affect-
edness as a major buyer, and buyer diversity across various industries. The con-
struction sector is particularly noteworthy, with the highest average cartel market 
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share (97.76%) and significant government affectedness, with public procurement 
accounting for 74.32% of cases. This suggests that cartels in this sector control a 
substantial portion of the market, and government entities are significantly affected as 
primary purchasers. The combination of high cartel activity and significant govern-
ment affectedness underscores the need for stronger regulatory oversight in public 
procurement processes to mitigate the risk of cartelization.

Similarly, the pharmaceuticals, medicines, and medical devices sector exhib-
its a high average cartel market share (90.12%), with government entities serving 
as major buyers in 70.73% of cases. Given the critical nature of this sector and its 
impact on public health budgets, these findings are particularly significant. Addition-
ally, pay-for-delay cases within the pharmaceutical industry show comparably high 
cartel market shares, illustrating the persistent risks of anti-competitive practices in a 
sector with substantial demand from both public and private buyers. The dominance 
of a few large buyers in this industry (60.98% of cases) highlights the vulnerability 
of concentrated markets, where major buyers may be more easily targeted by cartels, 
thereby raising concerns about the potential for market distortion.

The transport services sector also demonstrates a high average cartel market share 
(87.53%), with 85% of cases involving a large number of buyers. While government 
entities play a less prominent role as major buyers in this sector (10%), the preva-
lence of cartels in markets with many buyers suggests that markets with little buyer 
power can also be susceptible to cartel activity, contrasting the regularly employed 
narrative (typically by cartel members) that cartels serve as a “defense” to counter 
significant buyer power.

Table 5 provides a detailed analysis of the average number of firms involved in 
cartel activities across various industries and regions, with insights into regional 
concentrations and participation in private suits. The construction sector emerges 
as particularly significant, with a global average of 25.62 firms, most of which are 
concentrated in Europe (23.00). This data underscores the dominant presence of car-
tel activity within Europe, while participation from other regions remains limited. 
Interestingly, despite the large number of firms, there is no recorded involvement in 
private suits, which could suggest underreporting or a lack of legal follow-up in this 
sector, raising questions about enforcement and regulatory oversight.

Similarly, the food and beverage manufacturing sector show considerable cartel 
activity globally, with an average of 9.81 firms. Once again, Europe leads with 7.20 
firms, but there is also notable participation from Asia (0.96) and Latin America 
(0.33), indicating a broader geographic spread of cartel activity. The relatively high 
participation in private law suits (0.26 firms on average) and the involvement of a sig-
nificant number of executives (1.61) highlight more active enforcement in this sector. 
In contrast, the pharmaceuticals, medicines, and medical devices sector presents a 
more globally distributed cartel structure, with an average of 4.51 firms involved 
worldwide. Government regulation may be playing a role in limiting cartel activi-
ties, as suggested by the lower participation levels across regions such as Africa and 
Latin America. Interestingly, within this sector, pay-for-delay cases involve fewer 
firms (2.84), reflecting the targeted and specific nature of these agreements. However, 
there is a notably higher involvement in private law suits (1.22 firms), which points to 
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strong legal scrutiny in this industry due to the critical importance of pharmaceuticals 
for public health.

The transport services sector stands out with a notably high number of firms 
involved globally, averaging 12.58. North America leads with 4.44 firms, followed 
closely by Europe (6.24), suggesting significant cartel activity in both regions. The 
large number of firms involved, combined with the sector’s broad geographic dis-
tribution, highlights the potential for large-scale cartelization in transport services, 
which may have substantial negative implications for international trade and logis-
tics. However, the relatively limited involvement in private law suits (0.83 firms) and 
the low number of implicated executives (1.13) suggest that enforcement may be less 
stringent in this sector, pointing to potential gaps in regulatory frameworks.

Finally, the finance, insurance, and banking sector exhibit moderate cartel activity 
globally, with an average of 8.03 firms involved. European firms dominate, averag-
ing 3.74, followed by Asian firms (1.50). The relatively high number of private suits 
(1.89 firms) and executives implicated (1.29) reflect the sensitive nature of financial 
markets and the critical need for regulatory oversight. Cartel activity in this sec-
tor could have far-reaching implications for global financial stability, emphasizing 
the importance of continuous monitoring and stringent enforcement to safeguard the 
integrity of financial systems.

Table 6 provides a detailed overview of fines, overcharges, and fine-to-overcharge 
ratios across various sectors, highlighting significant disparities in cartel behavior 
and regulatory enforcement. The data show that some sectors face disproportionately 
higher fines or overcharges compared to others. In the following, the most notable 
sectors are examined in terms of fines, overcharges, and fine-to-overcharge ratios.

The agricultural raw materials sector stands out with one of the highest average 
fine-to-overcharge ratios at 554.39%. This is particularly notable given the average 
overcharge of 75.47%, suggesting that fines in this sector tend to be severe when 
cartels are detected. However, the much lower median value points towards an incon-
sistency in enforcement. The significant gap between the mean and median fines 
(154.37 vs. 7.15) suggests that a few large cases skewed the average, reflecting a 
lack of regularities in regulatory practices. In contrast, the construction sector com-
bines high fines with substantial overcharges. With one of the highest average fines 
(179.23) and significant overcharges of 113.74%, cartel activity in this sector notably 
distorts market prices. The fine-to-overcharge ratio (102.49%) suggests that fines are 
proportional to the harm caused, but the difference between the mean and median 
fines (14.53) indicates that the largest penalties are concentrated in just a few cases.

The pharmaceuticals, medical devices, and drugs sector is notable for its extreme 
overcharges, averaging 614.27%, making it one of the most severely affected by car-
tel activity. Pay-for-delay cases are particularly severe in this sector, with an even 
higher average overcharge of 780.83%, reflecting significant market manipulation. 
Despite these high overcharges, the fine-to-overcharge ratio for pay-for-delay cases 
(115.53%) suggests that fines do not fully compensate for the economic damage 
caused. The wide gap between the mean and median fines (204.58 vs. 62.20) indi-
cates variability in enforcement, pointing to the need for stricter, more consistent 
penalties, especially given the public health implications. In the oil and petroleum 
products sector, despite high overcharges of 154.42%, the fine-to-overcharge ratio is 
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relatively low at 72.00%. This suggests that while cartels in this sector significantly 
inflate prices, the fines are relatively moderate compared to the damage caused. The 
gap between the mean and median fines (112.28 vs. 35.40) further highlights incon-
sistency in enforcement, with some cases receiving much heavier penalties than oth-
ers. Given the global significance of this sector, lenient penalties could encourage the 
persistence of cartel behavior.

The rubber and plastics sector exhibits a similar pattern, with overcharges of 
19.35% and a relatively high fine-to-overcharge ratio of 191.08%. This suggests that 
fines in this sector are more proportionate to the damage caused, reflecting stronger 
enforcement compared to the oil sector. Such proportional enforcement could serve 
as a model for other sectors with high levels of cartel activity. In a striking example, 
the machinery and electrical parts sector shows an extraordinarily high fine-to-over-
charge ratio of 996.74%, indicating that even small overcharges result in extremely 
high fines. The average fine in this sector is also remarkably high (449.22), reflecting 
increased regulatory scrutiny. This aggressive enforcement could serve as a strong 
deterrent against even minor cartel activity.

Finally, the finance, insurance, and banking sector reports some of the highest 
average fines (618.89), reflecting the critical role of this sector in any economy. How-
ever, the fine-to-overcharge ratio (110.06%) is more moderate, indicating that fines 
are broadly in line with the economic harm caused. The significant gap between 
the mean and median fines (618.89 vs. 18.01) points to considerable variability in 
enforcement, suggesting that larger cases attract much more attention. In conclusion, 
enforcement and penalties vary widely across sectors. While sectors like agricultural 
raw materials and machinery face disproportionately high fines, sectors such as oil 
and pharmaceuticals experience severe market distortions but relatively moderate 
fines. This uneven enforcement highlights the need for a more consistent regulatory 
approach to ensure fair market practices and better deter cartel activity.

4  Empirical analysis of cartel overcharges

4.1  General analysis

The proper case selection within Connor’s Private International Cartels (PIC) Data 
Set mostly depends on the empirical purposes. Although the overcharge variable is 
based on calculations and estimations of other researchers, this dataset has been uti-
lized as a basis for many studies in the literature (Bolotova et al., 2009; Bolotova, 
2009; Boyer & Kotchoni, 2015). Discrepancies between the arithmetic mean and 
median values raise concerns about the presence of outliers in the data. To address 
this, outliers were identified using z-scores, with values exceeding 3 excluded from 
the analysis. The focus of the study is the overcharges/competition sales dataset, and 
any cases lacking relevant data were similarly excluded, along with the identified 
outliers. This resulted in a final sample of 403 cases for analysis. The correlation 
coefficients are presented in Table 7, with the regression results detailed in Table 8, 
and the t-test statistics provided in Table 9.
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As shown in Table 7, the correlation analysis explores the relationship between 
cartel characteristics and overcharges relative to competitive sales. Cartel shares 
exhibit a positive correlation of 0.1779 with overcharges, indicating a weak but 
notable association, where higher cartel shares tend to correspond with increased 
overcharges. On the other hand, the number of firms shows a negative correlation of 
−0.0306, suggesting a minimal inverse relationship between the number of firms in a 
cartel and overcharges. Similarly, duration has an almost negligible negative correla-
tion of −0.0059, implying that the length of cartel operations has little to no impact 
on overcharges. Overall, while cartel market shares seem to have some effect, the 
number of firms and duration show minimal influence on overcharge levels.

In the empirical set up, we first analyzed causal relationships using one indepen-
dent variable in each regression. As shown in Table 8, cartel shares have a significant 
positive effect on overcharges, with a coefficient of 2.5894 (p = 0.0093) which sug-
gests that larger cartel market shares are associated with higher overcharges, consis-
tent with the expectation that greater market control allows cartels to impose greater 
mark-ups on prices. The number of firms is also significant and negatively associ-
ated with overcharges, with a coefficient of −1.7889. This indicates that, as the num-
ber of firms in the cartel increases, overcharges tend to decrease. This finding may 
appear counter-intuitive, as the difference between cartel prices and non-cartelized 
prices should be higher the more intense competition is without cartel and the level 
of competition typically increases in the number of market participants. However, the 
inverse relationship between effective cartel overcharge and number of participants 
may reflect the coordination difficulties that arise with a larger number of partici-
pants, reducing the cartel’s ability to sustain inflated prices.

Table 9  t-Test results for overcharges based on buyer characteristics
Government Major Buying Mod Buyers (30–99 buyers)
No 146.57 No 100.59
Yes 150.02 Yes 474.601
t-test (p value) 0.2858 t-test (p value) 0.0000
Many Buyers (> 99 buyers) Few Buyers (> 30 buyers)
No 82.68 No 144.869
Yes 270.218 Yes 155.728
t-test 0.0008 t-test 0.9502

Variables Coefficent Standard Error t-stat p value
Cartel Shares 2.5894 0.9862 2.6257 0.0093
Firms Number −1.7889 1.0592 −1.6889 0.0920
Duration −0.1953 0.1291 −1.5128 0.1311

Table 8  Regression results 
for cartel characteristics and 
overcharges

 

Variables Correlation 
Coefficent

Cartel Shares Overcharges/Competative Sales 0.1779
Firms Number Overcharges/Competative Sales −0.0306
Duration Overcharges/Competative Sales −0.0059

Table 7  Correlation between 
cartel characteristics and 
overcharges
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In contrast, cartel duration does not exhibit a significant effect on overcharges. The 
coefficient (−0.1953) suggests a negative but insignificant relationship, indicating 
that the length of cartel operation does not appear to have a consistent impact on the 
extent of overcharges in these individual regressions.

The data in Table 9 suggest that government involvement in major buying does 
not significantly influence overcharge rates, with a p-value of 0.2858 showing no 
notable difference between cases where government buying is present (150.02) and 
absent (146.57). In contrast, the number of buyers has a clear impact, particularly in 
the 30–99 buyers range, where the p-value of 0.0000 indicates a substantial increase 
in overcharges (474.601) compared to cases without this buyer group (100.59). For 
markets with over 99 buyers, there is a significant difference in overcharge rates, sup-
ported by a p-value of 0.0008. Overcharges are considerably higher with more than 
99 buyers (270.218) compared to fewer buyers (82.68). However, when considering 
markets with over 30 buyers, the p-value of 0.9502 suggests no statistically signifi-
cant difference in overcharges between the groups (144.869 vs. 155.728).

4.2  The impact of policy changes in the EU

The economic harm caused by cartels, particularly through overcharges defined as 
price increases above the competitive level, and the effectiveness of monetary sanc-
tions imposed against such conduct are central to assessing the success of competi-
tion policy. In this context, the European Union (EU) has periodically introduced 
reforms aimed at strengthening the deterrence and punishment of cartel behavior, 
most notably in 2006 and 2014.

4.2.1  The impact of the European Commission’s 2006 guidelines on fines

On 1 September 2006, the European Commission released updated guidelines outlin-
ing its approach to imposing fines on companies violating the competition rules in 
Articles 81 and 82 of the EC Treaty. Since revising these guidelines, the Commission 
has issued eight of its ten highest-ever cartel fines. This increase in penalties is not 
surprising, as the 2006 guidelines were designed to enhance deterrence, addressing 
concerns that earlier fines were insufficient for large firms, especially those involved 
in long-term cartels affecting large product volumes or repeat offenders. Higher fines 
raise the stakes for companies under investigation and provide a greater incentive to 
seek leniency (Hinloopen et al., 2023). The 2006 guidelines set fines based on the 
sales impacted (considering economic impact and the market shares of the conspiring 
firms) and the duration of the violation. The calculation starts with the annual revenue 
from the affected products, which can be increased by up to 30% for aggravating fac-
tors, such as being a ringleader. This amount is then multiplied by the duration of the 
infringement, measured in half-year increments. Additionally, the guidelines doubled 
the maximum penalty for repeat offenders from 50% to 100% and introduced an 
“entry fee” of 15% to 25% of annual sales for severe anticompetitive practices, such 
as price-fixing or market allocation.
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4.2.2  The impact of the 2014 EU directive on antitrust damages

In 2014, the EU adopted the Damages Directive (2014/104/EU), which sought to 
remove obstacles preventing victims of anticompetitive practices from pursuing pri-
vate damages claims. The aim of the Directive is to facilitate citizens and companies 
pursuing damages claims for breaches of EU competition law before national courts 
across the EU, and to simplify the process for individuals and businesses to seek 
compensation for violations of EU competition law in national courts throughout 
the EU. Although EU competition law’s direct effect allows anyone harmed by anti-
competitive practices, such as cartels or abuse of dominant market positions, to claim 
damages, varying national legal systems have created barriers to effective redress. 
Published in the Official Journal in early December 2014, the directive addressed 
these challenges by requiring Member States to amend their laws to make it easier for 
victims of antitrust infringements to obtain compensation. While follow-on damages 
claims were already prevalent in certain EU jurisdictions (e.g., Germany, the Nether-
lands, and the UK), the directive aimed to standardize and increase the frequency of 
such actions across all member states.

Although this directive did not directly alter the methodology for calculating 
administrative fines, it was expected to exert indirect effects on cartel deterrence by 
increasing the likelihood and financial consequences of follow-on litigation, thereby 
complementing the Commission’s sanctioning regime and making the violations of 
EU competition law to result in significant financial penalties. Companies found 
guilty of breaching competition rules now face substantial fines and the financial and 
legal risks associated with such infringements are heightened.

In the following, we aim to analyze the effects of the 2006 and 2014 EU compe-
tition policy reforms. Based on the changes in the EU competition policy, we aim 
to test if the new regime in antitrust enforcement created an incentive to change 
the undertakings’ behaviours regarding cartel damages/overcharges in the EU, as 
damages became a significant factor in the determination of cartel consequences. 
However, the new regime (consisting of the two directives) affects cartels and cartel 
formation through at least two channels.

First, the sum of increased fines and damage compensations should work to deter 
cartel formation. Secondly, cartel pricing may be affected by the risk of potential fines 
and damage payments, leading to either lower overcharges (to avoid high fines and 
damages) or higher overcharges (to compensate for the increased risk). Hence, we 
test both whether the new guidelines had an impact on fines as well as private sanc-
tions. Specifically, we examine the impact of these reforms on overcharge rates, the 
ratio of imposed fines to cartel sales, and the level of administrative monetary penal-
ties. The analysis is conducted using regression models based on the Difference-in-
Differences (DiD) approach. This method makes it possible to assess whether the 
changes observed in cartel cases within the EU after the respective reforms are sta-
tistically significantly different from those in the control group outside the EU during 
the same period. The following section first presents a methodological framework on 
the role and application of the DiD approach in economic analyses and subsequently 
provides a detailed interpretation of the regression results in terms of coefficient mag-
nitudes and statistical significance levels.
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The Difference-in-Differences (DiD) method is a quasi-experimental design widely 
used in the social sciences that allows for the causal identification of policy effects. 
This approach seeks to isolate the causal impact of a policy or shock by comparing 
the differences in outcome variables over time between a “treatment group” and a 
“control group.” The DiD framework addresses the limitations of pure time-series 
analysis (which only compares pre- and post-treatment differences) and pure cross-
sectional analysis (which only compares treated and untreated groups at a given point 
in time). It relies on the assumption that, prior to the intervention, both groups display 
similar trends in the outcome variable; this is commonly referred to as the parallel 
trends assumption. The core idea is that, in the absence of the intervention, the treat-
ment group would have experienced a change in outcomes parallel to that observed 
in the control group. If this assumption holds, the additional change observed in the 
treated group after the intervention can be attributed to the policy effect.

Cartel cases subject to EU competition regulations are defined as the “treatment 
group,” while cartel cases in other jurisdictions serve as the “control group.” In terms 
of time dimension, for each regulatory reform separately, pre- and post-intervention 
periods are considered. Specifically, the pre- and post-2006 periods are compared 
for the 2006 Guidelines, and the pre- and post-2014 periods for the 2014 Directive.

Econometrically, each DiD specification includes three main components: (i) the 
group indicator (here, the dummy variable Jur_EU, denoting whether the cartel case 
falls under EU jurisdiction), (ii) the time indicator (After dummy, capturing whether 
the cartel ended after the relevant reform; for instance, After2006 indicates whether 
the cartel terminated in or after 2006), and (iii) the interaction term (the product 
Jur_EU × Afteryear, which captures the DiD effect). The general form of the model 
can be expressed as follows:

	Yikt = β 0 + β 1Jur_EU i + β 2Aftert + β 3 (JurEU i x Aftert) + XiktΓ + ϵ ikt

here, Yikt denotes the outcome variable of interest (the value observed for cartel i at 
time t; e.g., the overcharge rate). Jur_EU i indicates whether the case falls under 
EU jurisdiction (treatment group = 1, otherwise 0), while After captures whether the 
observation belongs to the post-reform period (treatment period = 1, pre-reform = 0). 
The interaction of these two variables constitutes the DiD term, which identifies the 
effect of the reform on EU cases. XiktΓ  denotes the vector of other control vari-
ables. In this study, the following controls are included:

MKT_CRn: Market concentration ratio (the degree of concentration in the market 
where the cartel operates, e.g., the market share of the top n firms),

FewBuy: Dummy variable indicating markets with few buyers (e.g., situations 
with one or a few large buyers),

BigRid: Dummy variable for cartels involving significant public procurement 
(e.g., large-scale bid-rigging cartels, as frequently referred to in the literature),

Duration: The length of the cartel (total duration of activity measured in months),
Trend: Period dummies defined by decades to capture time trends (e.g., 1990 s, 

2000 s, etc.).
In this study, two separate DiD analyses are conducted: (i) models including the 

interaction Jur_EU × After2006 to measure the effect of the 2006 EU reform, and (ii) 
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models including the interaction Jur_EU × After2014 to capture the effect of the 2014 
reform. In total, 12 regression models are estimated. Among these, Models 1, 5, and 
9 serve as the baseline specifications for each outcome variable; they do not include 
DiD interactions and only show the relationship between the dependent variables and 
the control variables. Models 2, 6, and 10 incorporate the DiD effect for the 2006 
reform (Jur_EU × After2006) but do not additionally control for general time trends. 
Models 3, 7, and 11 extend this by including the Trend variables, thereby accounting 
for temporal patterns and providing a stricter test of the 2006 reform’s DiD effect. 
Finally, Models 4, 8, and 12 capture the DiD effect for the 2014 reform (Jur_EU × 
After2014) while also controlling for time trends.

The results are presented in Table 10. Overcharges represent the extent to which 
cartel prices exceed the competitive benchmark. This variable directly reflects the 
economic harm generated by cartels and, therefore, constitutes a key indicator for 
assessing the effectiveness of competition policy. Models 1–4 are specified with 
overcharge rates as the dependent variable. In the second group of models (Mod-
els 5–8), the dependent variable is defined as the ratio of cartel fines to the cartel’s 
annual sales during the relevant period. This ratio measures the relative severity of 
sanctions in proportion to cartel size and serves as a useful benchmark for compar-
ing penalty practices across jurisdictions. For instance, the European Commission’s 
fining guidelines typically determine penalties as a percentage (generally between 0 
and 30%) of the sales affected by the infringement. Accordingly, this ratio provides 
an indication of the deterrent strength of fines. In the third group of models (Models 
9–12), the dependent variable is the absolute value of monetary fines imposed on car-
tels by competition authorities. This variable captures the total sanction in monetary 
terms (e.g., millions of euros), reflecting the combined effect of cartel size, economic 
impact, and the sanctioning authority’s enforcement policy.

Model 1 serves as the baseline specification and includes only the control vari-
ables. Among these, the market concentration ratio (MKT_CRn) appears positive and 
statistically significant (0.258; p < 0.05), suggesting that cartels in more concentrated 
markets are able to sustain higher overcharges. Likewise, the presence of fewer buy-
ers (Few Buy) produces positive and highly significant coefficients, indicating that 
when the number of buyers is limited, cartel power is more easily transmitted to 
prices. In contrast, the variable capturing bid-rigging cartels in public procurement 
(Big Rid) turns out negative and statistically significant, implying that such cartels 
have a more limited ability to push prices above the competitive level.

Model 2 incorporates a DiD specification to capture the impact of the 2006 EU 
Fining Guidelines. The results show that the coefficient of After2006 is positive 
(11.297; p < 0.01), whereas the coefficient of DiD2006 is negative and statistically 
significant (−21.385; p < 0.05). This indicates that overcharges in the EU declined 
markedly after the reform. Model 3 adds a time trend to test the robustness of this 
effect. The trend variable is positive and significant (4.058; p < 0.10), reflecting a 
general upward trajectory of cartel prices over time. Nevertheless, the DiD2006 
coefficient remains negative and significant (−21.399; p < 0.05), confirming that the 
downward effect of the 2006 reform on overcharges holds even after accounting for 
the underlying time trend.
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Finally, Model 4 examines the impact of the 2014 Damages Directive. Although 
the coefficient of After2014 is positive, it is not statistically significant (4.417; 
p = 0.374), and the DiD2014 coefficient also shows no meaningful effect (0.299; 
p = 0.973). Therefore, the 2014 reform does not appear to have had a notable short-
term impact on cartel overcharges.

When turning to Models 5–8, Model 5 -which includes only control variables- 
does not yield significant results. By contrast, the negative and highly significant 
coefficient of Jur_EU in Models 6 and 7 indicates that the fine-to-sales ratios in EU 
cases are structurally lower. Moreover, the negative and significant coefficient of 
the time trend confirms that fines have been on a long-term downward trajectory. 
Model 8 provides consistent evidence, showing that fine ratios in the EU remain rela-
tively lower, though the results suggest that this structure may shift during regulatory 
periods.

In the models testing the 2006 reform (Models 6 and 7), the positive and signifi-
cant coefficient of DiD2006 demonstrates that the adoption of the Fining Guidelines 
led to a substantial increase in fine-to-sales ratios applied within the EU. This effect 
remains robust when the time trend is controlled for, thereby strongly confirming 
the policy impact of the reform. Regarding the 2014 reform, Model 8 shows that the 
DiD2014 coefficient is positive and statistically significant, suggesting that the 2014 
Damages Directive exerted an upward influence on fines.

When evaluating the results of Models 9–12 with respect to government-imposed 
fines, the first notable finding is the negative coefficient of Jur_EU. This indicates 
that cartels under EU jurisdiction are subject to comparatively lower sanctions at the 
government level than those outside the EU. In other words, government-based pen-
alties in Europe appear relatively limited, which may imply that the primary weight 
of enforcement has shifted toward the substantial monetary fines imposed by the 
European Commission.

Furthermore, the post-2006 (After2006) and post-2014 (After2014) dummy vari-
ables are statistically insignificant in these models. This indicates that the regulatory 
reforms enacted in these years did not, by themselves, significantly alter govern-
ment-level sanctions. Similarly, the interaction terms DiD2006 and DiD2014 are sta-
tistically insignificant, suggesting that these reforms did not generate a discernible 
differential effect on government fines within the EU. Taken together, these results 
imply that, while policy changes may have strengthened deterrence through private 
litigation or through fines imposed by the Commission, they did not translate into a 
corresponding shift in government-based sanctions.

When the findings are considered as a whole, it becomes evident that EU com-
petition regulations have produced different impacts on sanctions imposed against 
cartels. With regard to overcharges, the analysis demonstrates that the 2006 Fining 
Guidelines significantly altered the pricing behavior of cartels within the EU. The 
negative and statistically significant DiD2006 coefficient indicates that the reform 
substantially reduced excessive pricing. By contrast, the 2014 Damages Directive did 
not exert a statistically significant short-term effect in this area. In terms of penalties 
relative to sales, the results reveal that cases under EU jurisdiction were structurally 
associated with lower sanction ratios, yet these ratios increased considerably follow-
ing the 2006 reform. This underscores the reform’s role in strengthening the deter-
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rent effect of sanctions. Furthermore, the 2014 Directive is also shown to have had a 
positive and statistically significant impact on penalties relative to sales. On the other 
hand, when government fines are considered, neither the 2006 nor the 2014 reforms 
appear to have had a significant influence, indicating that policy changes primarily 
enhanced deterrence through Commission decisions and private enforcement rather 
than through government-imposed sanctions. Overall, these results suggest that the 
EU’s anti-cartel policy instruments have been reinforced mainly through the actions 
of the European Commission and private litigation, while national government-based 
sanctions have remained relatively limited in scope.

5  Conclusion

This paper has provided an empirical examination of cartel overcharges and sanc-
tions, using John Connor’s International Cartel Database to study 1,304 cases world-
wide and to evaluate the impact of major EU competition policy reforms in 2006 and 
2014. We have first analyzed the determinants of cartel overcharges, showing that 
higher cartel market shares significantly increase overcharges, while a larger number 
of cartel participants tends to reduce them—likely reflecting coordination difficul-
ties in larger cartels and the associate difficulty of keeping cartel discipline. Dura-
tion, by contrast, does not have a statistically significant effect. Overcharges are also 
substantially higher in markets with many buyers, suggesting that dispersed demand 
environments facilitate price increases, whereas government involvement as a large 
buyer does not systematically influence overcharges. Sectoral patterns reveal wide 
variation in both overcharges and penalties, with construction, pharmaceuticals, and 
services demonstrating high cartel shares and significant pricing distortions.

The paper’s core contribution, however, lies in evaluating the EU’s 2006 Fin-
ing Guidelines and the 2014 Damages Directive using a Difference-in-Differences 
approach. The results show that the 2006 reform significantly reduced cartel over-
charges in the EU and led to higher fine-to-sales ratios, strengthening deterrence. 
The 2014 Damages Directive also increased the fine-to-sales ratio but did not deliver 
a statistically significant short-term reduction in overcharges. Interestingly, fines 
imposed by national authorities did not respond materially to either reform, suggest-
ing that enforcement improvements stemmed primarily from European Commission 
fines and private damages actions rather than national authorities. Overall, the find-
ings indicate that EU reforms—especially the 2006 guidelines—effectively strength-
ened the deterrence of cartels by raising sanctions and curbing price increases, while 
highlighting ongoing variation across sectors and jurisdictions in the severity and 
consistency of cartel penalties.
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