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Abstract

This study analyzes the association between regulatory regimes and the

persistence of arbitrage opportunities in sports betting markets. Using a

cross-country dataset that includes monopolistic markets (Switzerland, Fin-

land, Norway) and liberalized markets (e.g., United Kingdom, Germany),

survival analysis techniques such as Kaplan-Meier estimators, log-rank

tests, and Cox proportional hazards models, are employed to examine

arbitrage durations. Findings indicate that arbitrage opportunities tend to

last longer in monopolistic markets, with Finland and the pooled group of

Switzerland, Finland, and Norway showing significantly lower hazard rates

of closure. Switzerland shows a similar but statistically non-significant

pattern, possibly due to limited sample size. Adjusting for arbitrage margin

does not notably change results. These observations suggest that market

structure correlates with differences in arbitrage persistence, highlighting

variations in market dynamics across regulatory environments.

1 Introduction

The global sports betting industry has grown rapidly in recent years, fueled
by advances in mobile internet technology and changes in legal and regulatory
frameworks. Across jurisdictions, these structural shifts have created diverse
betting environments, from highly regulated, monopolistic markets to liberalized,
competitive ones. This variety provides a unique opportunity to study how market
design influences betting behavior and market efficiency.

Central to understanding efficiency in sports betting is the concept of ar-
bitrage opportunities (situations where bettors can guarantee profit by placing
simultaneous bets on all possible outcomes with different bookmakers). The
persistence (or duration) of these arbitrage opportunities signals frictions or
inefficiencies in how quickly mispricings are corrected. This thesis investigates
the following question:

Does a monopolistic or tightly regulated betting market facilitate the

persistence of arbitrage opportunities compared to more liberalized

markets?

This study focuses on Switzerland, Finland, and Norway as key cases of mo-
nopolistic or tightly regulated betting markets. Switzerland’s restrictive regime,
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established under the Swiss Federal Act on Gambling in 2019 (Geldspielgesetz,
BGS, 2018), permits only two state-licensed operators to offer sports betting,
creating a segmented market structure. Similarly, Finland and Norway main-
tain monopolistic frameworks where state-controlled operators dominate the
market. These settings contrast sharply with more liberalized and competitive
jurisdictions such as the United Kingdom and France. Regulatory differences
create friction, affecting arbitrage. Thus, examining how these regimes impact
arbitrage duration provides insights into broader questions of market efficiency
and competition.

Using a large cross-country dataset of arbitrage opportunities, this study finds
that monopolistic or tightly regulated markets, specifically Finland, and to a
lesser robust extent Switzerland, exhibit longer-lasting arbitrage opportunities
compared to more liberalized markets. The mean duration of arbitrage opportuni-
ties in Switzerland is 10.0 minutes, and in Finland, 8.0 minutes, compared with
averages around 6-7 minutes in more liberalized countries. Kaplan-Meier sur-
vival analysis shows that arbitrage opportunities remain open longer in Finland
and Switzerland relative to other countries, though the effect size for Switzer-
land does not reach statistical significance, likely due to a smaller number of
observations. Norway’s arbitrage opportunities are rare and short-lived, with a
mean duration of 0 minutes and none exceeding 15 minutes, limiting its impact
on overall results.

Log-rank tests confirm statistically significant differences in survival curves
for Finland alone (test statistic = 6.955, p = 0.008) and for the pooled group of
Switzerland, Finland, and Norway (test statistic = 8.174, p = 0.004) relative to
other countries. Cox proportional hazards models quantify these differences, re-
vealing that belonging to Finland reduces the hazard of arbitrage closure by 15.7%
(HR = 0.843; 95% CI: 0.742-0.957; p = 0.009), while the pooled group shows a
16.7% reduction (HR = 0.833; 95% CI: 0.736-0.944; p = 0.004). Switzerland’s
hazard ratio suggests a 22.5% reduction (HR = 0.775; 95% CI: 0.529-1.136), but
this is not statistically significant (p = 0.192). These effects remain robust after
adjusting for arbitrage margin, which itself exhibits no significant effect (HR
� 1.05, p > 0.2). Together, these findings indicate that less competitive market
environments in monopolistic regimes are associated with slower resolution of
arbitrage opportunities compared to liberalized markets.

To reach these conclusions, each arbitrage opportunity is treated as a single
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observation, characterized by its duration and key features such as the book-
makers and their countries involved. Bookmakers’ country assignments rely
on geographic web traffic data from SimilarWeb, providing a proxy for their
principal markets. The analysis employs survival analysis methods, including
Kaplan-Meier estimators to describe survival functions of arbitrage events. This
non-parametric approach is well suited given the heavily skewed, non-normal
distribution of arbitrage durations, where mean-based tests would be inappropri-
ate. Complementary log-rank tests assess statistical differences in survival curves
between groups defined by country and regulation type. Finally, Cox proportional
hazards regression models estimate hazard ratios of arbitrage closure associated
with membership in monopolistic regulatory regimes, controlling in some models
for the arbitrage margin.

This research contributes new evidence on how regulatory regimes shape
market efficiency in sports betting. The findings suggest that monopolistic set-
tings, often justified on grounds of public health or consumer protection, may
inadvertently slow the correction of arbitrage mispricings by reducing competi-
tive pressures and cross-border betting activity. Meanwhile, liberalized markets
appear more dynamically efficient, resolving pricing anomalies more quickly
through greater bookmaker competition and bettor responsiveness. These results
inform policy debates by highlighting a potential trade-off between regulation
and market informational efficiency in the sports betting industry.

This work relates to an extensive body of literature on market efficiency,
a concept central to financial markets since the seminal work by Fama, 1970,
which posits that prices reflect all available public information. This principle
extends to betting markets, which are often viewed as "real-world laboratories"
for testing efficiency due to their defined termination points and readily available
information. Thaler and Ziemba, 1988, introduced the concept of "strong-form
betting market efficiency," implying that all bets in a contest should yield equal
expected returns, while "weak-form efficiency" suggests no bets should have
a positive expected value. However, a "stronger form" requiring equal returns
across different events is known not to hold due to varying bookmaker margins
for different event profiles (Hegarty and Whelan, 2024).

Prior research has explored various forms of inefficiencies and anomalies
in betting markets. One prominent anomaly is the "favorite-longshot bias"
(Griffith, 1949), where high-probability outcomes (favorites) provide better
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expected returns than low-probability outcomes (longshots). This bias has been
consistently documented in racetrack betting and also found in European football
markets.

A key area of inefficiency research involves arbitrage opportunities, defined
as simultaneously buying and selling an asset in different markets to exploit
price discrepancies for a risk-free profit. In betting, this translates to placing bets
across different bookmakers to guarantee a return. While arbitrage opportunities
exist, they are often rare, particularly in online betting markets, with some studies
finding them in less than 1 in 1000 matches (Vlastakis et al., 2009). Deville
and Riva, 2007, investigated the persistence of such deviations in financial
options markets, linking it to the challenges traders face in exploiting mispricing,
highlighting the role of market liquidity and volatility. Their work on options
found that the introduction of ETFs, by facilitating spot trades in the index,
lessened the arbitrage closure times.

The existing literature has extensively examined market efficiency and arbi-
trage in various betting contexts, including factors driving inefficiencies such as
behavioral biases, insider information, transaction costs, and capital constraints.
This thesis builds on that foundation by specifically investigating how different
regulatory regimes affect the persistence (duration) of arbitrage opportunities.
Rather than simply identifying arbitrage presence or magnitude in individual
markets, this research systematically compares arbitrage survival times across
countries with contrasting regulatory frameworks (monopolistic versus liberal-
ized). By adopting a comparative, cross-country perspective that emphasizes
national betting regulations, it offers a novel contribution to understanding market
efficiency dynamics in the sports betting industry.

2 Institutional Context

2.1 Swiss Regulatory Environment

Switzerland operates under one of the most restrictive betting regimes in Europe,
governed by the Swiss Federal Act on Gambling Geldspielgesetz, BGS, 2018,
which came into force on January 1, 2019, with the following characteristics:

• Licensing and Market Entry: Only companies licensed by Swiss authorities
may operate legally. Sports betting by unlicensed foreign providers is
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banned (Geldspielgesetz, BGS, 2018, Art. 16, 21, 24).

• Access Blocking: A public list of unauthorized betting sites is maintained

by regulatory bodies (ESBK, Gespa). ISPs in Switzerland are obliged to

block these domains (Geldspielgesetz, BGS, 2018, Art. 86 Abs. 4).

• Geographical Restrictions: Swiss operators serve only domestic customers,

while Swiss residents are not permitted to access foreign betting sites,

segmenting the market nationally.

2.2 Other European State Monopolies: Finland, Norway, and

Iceland

Switzerland is not unique in maintaining a state monopoly on sports betting.

Other signi�cant examples are Veikkaus (Finland), Norsk Tipping (Norway), and

Íslensk Getspá (Iceland), all operating as the sole legal provider of sports betting

services in their respective countries. The characteristics of these regimes are

very similar to those of Switzerland's regulatory framework.

While this thesis includes empirical data for Switzerland, Finland, and Nor-

way, no data could be collected for the Icelandic market due to the absence of

the bookmaker in public odds aggregators.

2.3 Implications for Arbitrage and Market Ef�ciency

These monopolistic systems generate similar frictions affecting market ef�ciency

and arbitrage:

• Limited Cross-Market Arbitrage: In contrast to liberalized markets where

bettors can exploit pricing discrepancies across national borders, monop-

olistic and segmented regimes make simultaneous betting in multiple

jurisdictions dif�cult, which could potentially increase both the size and

duration of arbitrage opportunities.

• Reduced Competition: The lack of alternative legal providers could reduce

alignment with international odds, and make price discrepancies more

likely to emerge and to persist.
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• Slower Odds Adjustment: The isolation of national monopolies could poten-

tially obstruct the �ow of capital between bookmakers, which would slow

down the elimination of arbitrage opportunities and lead to inef�ciencies

compared to open markets.

For the aformentioned reasons, and in order to provide more robust empirical

results, in this thesis I not only include Switzerland as a monopolistic case, but

also Finland and Norway.

3 Theoretical Framework

Bets are placed on the outcomes of an event. I assume a probability space ofn

mutually exclusive and exhaustive outcomes,O = f 1;2; : : : ;ng.

Odds. Odds can be de�ned on the outcomes of an event, and represent the

probability of the corresponding outcome occurring. They are used instead of

percentages, as the return on the wager is easier to interpret. In this study, I

will use European-style odds, also called decimal odds. The European odds on

outcomeo 2 O would be calculated as1po
, wherepo is the implied probability of

outcomeo. The actual probability of outcomeo occurring is de�ned aspo. When

staking a wager ofW on outcomeo, the return isW � 1
po

, (the odds multiplied by

the stake).

Bookmaker margin. By de�nition, the actual decimal probabilities of mutually

exclusive outcomes in a probability space add up to 1. However, the implied

probabilities bookmakers use add up to more than 1 (Archontakis and Osborne,

2007, Cortis et al., 2013, Štrumbelj, 2014). This difference is usually called

"bookmaker margin" (Cain et al., 2003, Štrumbelj, 2014).

Fig. 1 –Caption for the image

To provide an example, consider the Premier League match between Notting-

ham and Brentford in Figure 1. The implied probabilities are:2:10� 1 � 0:48,
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3:50� 1 � 0:29, and3:10� 1 � 0:32. This means the most likely outcome, as

indicated by the implied probabilities, is Nottingham winning, with an im-

plied probability of approximately48%, followed by Brentford winning, and

then the teams drawing. The sum of these inverse implied probabilities is

2:10� 1 + 3:50� 1 + 3:10� 1 = 1:084495, implying a bookmaker margin of8:4%.

The margin of a bookmaker can be formally de�ned as:

k = å
o2O

p0 � 1: (1)

The margin of a bookmaker does not directly correspond to the pro�t of the

bookmaker, and the expected pro�t of a bookmaker can be proven to be (Cortis,

2016):
k

1+ k
:

For the analysis in this thesis, I will use the bookmaker margin, not the expected

pro�t of the bookmaker.

3.1 Arbitrage Opportunities Across Multiple Bookmakers

Let B = f 1;2; : : : ;mg be the set ofm different bookmakers. Each bookmaker

b 2 B quotes an implied probabilitypo;b > 0 for outcomeo, with an overround

(bookmaker margin), such that:

å
o2O

po;b > 1:

Since a bettor may back each outcome at only one bookmaker, I select

an injective assignment,F =
�

f : O ! B j f is injective
	

, wheref (o) is the

bookmaker assigned to outcomeo.

For anyf 2 F de�ne the total implied probability:

C(f ) = å
o2O

po;f (o):

We can then solve the assignment problem:

f � = argmin
f 2F

C(f ):
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Arbitrage Opportunity. SetS� := C(f � ), then ifS� < 1, there is an arbitrage

opportunity.

To prove this, assumeS� < 1. Let W > 0 be the total stake you are willing to

distribute. De�ne, for eacho 2 O,

so =
Wpo;f � (o)

S� : (2)

Whereso is the stake placed on outcomeo at bookmakerf � (o). Then:

1. The total amount staked is:

å
o2O

so =
W
S� å

o2O
po;f � (o) = W:

2. If outcomeo occurs, the bookmakerb = f � (o) pays out
so

po;b
. Hence the

return is:

so

po;f � (o)
=

W
S� ; from the de�niton ofso, Equation 2;

independently ofo.

3. The net pro�t is:
W
S� � W = W

1� S�

S� > 0:

Arbitrage Margin. The margin of the arbitrage opportunity is de�ned as the

difference between the sum of the actual probabilities of the outcomes and the

sum of the implied probabilities of the outcomes of the bookmakers chosen by

f � :

1� S� (3)

Expressed as a fraction of total stakeW, the pro�t is:

W
S� � W

W
=

1� S�

S� :

For the analysis in this thesis, I will use arbitrage margins, not the pro�ts of

arbitrage opportunities.
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3.2 Arbitrage Detection

Programmatically �nding arbitrage opportunities forn bookmakers on three

different outcomes (1X2 market), being sure the highest paying opportunity

is chosen, can be broken down into a fundamental combinatorial optimization

problem, speci�cally, the assignment problem. Kuhn, 1955, �rst introduced and

proposed a solution method to the problem.

I solve the assignment problem by using an implementation of a modi�ed

Jonker-Volgenant algorithm (Crouse, 2016) from the Python library SciPy.

4 Data

4.1 Data Sources and Scope

The dataset for this study comprises data on European-style odds for the 1X2

market (match-result) in the English Premier League, starting from the 11th

of April 2025, to the 24th of March 2025 (the season ended on the 25th), at

15-minute intervals. I collected odds quotes for three outcomes, home win (1),

draw (X), and away win (2), from 89 different bookmakers. The raw dataset

contains 3'361'705 odds rows for 71 matches, where every odds row is a tuple

of the form (odd for home wins, odd for a draw, off for away wins).

4.2 Scraping Approach

Odds data was collected from:

• Public APIs: ParionsSport (France) and SNAI (Italy), with rate limits not

being a problem because of the low request frequency.

• Residential Proxies: For Swisslos (Switzerland's monopoly bookmaker)

and BetMonitor (aggregating 80–90 bookmakers). Proxies were rotated

per request to avoid IP bans.

All requests were dispatched asynchronously at the start of each 15-minute

window to ensure temporal alignment. This ensured a delay between the requests

in the order of milliseconds.
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4.3 Sample Construction

Only bookmakers with more than 70% of their estimated traf�c coming from a

single country were included in the dataset. The allocation was done by checking

the geographic traf�c information of the bookmakers, and allocating them to

the country where most of their traf�c comes from. The traf�c information was

obtained from SimilarWeb, as it is widely recognised as the most reliable source

of estimated traf�c information. It is not possible to obtain the exact traf�c

information for most websites, as they do not share it publicly. A table with the

traf�c information of the included bookmakers can be found in Table 5 in the

Appendix B.

Another reason why I decided to not include some bookmakers were discrep-

ancies between the odds scraped from Betmonitor (the aggregator) and the odds

I manually checked on the bookmakers' websites. Only bookmakers with no

discrepancies found in multiple checks were included in the dataset.

Additional cleaning was also necessary. Proxy requests would sometimes

fail, or be sent from the wrong geographical region, which would result in the

events data having discrepancies in the starting time of the events.

This brought the number of bookmakers down from 89 to 21, the number of

odds rows down to 783'316, while the number of events remained the same at

71. Visual representation of the odds per date and the events over time can be

found in the Appendix C, Figure 23 and 24 respectively.

4.4 Descriptive Statistics

Bookmaker margin. By looking at bookmaker margins, as de�ned in Equa-

tion 1, we can better understand how the margin set by a bookmaker on their odds

affects the number of arbitrage opportunities they appear in. Arbitrage happens

when the combined odds from different bookmakers result in a negative total

margin, which means a positive arbitrage margin (see Equation 3). Therefore,

we expect that bookmakers with higher margins to be mathematically less likely

to be part of arbitrage opportunities.
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Fig. 2 –Bookmaker margins

Figure 2 shows the bookmaker margins. Notably, Swisslos is the bookmaker

enforcing the highest margin (9.52%). Norsktipping also has a high margin

(7.48%), while Veikkaus is on the lower end of the spectrum (5.34%).

Number of arbitrage opportunities. Over the considered time span, 1'526

arbitrage opportunities were found.

11



Fig. 3 –Arbitrage Opportunities by Country

Fig. 4 –Arbitrage Opportunities by Bookmaker

Notes: These columns do not add up to 1'526, because every arbitrage opportunity is counted

for every country involved in it, and involves three different bookmakers.
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Figure 3 shows the distribution of arbitrage opportunities by country. Switzer-

land, Finland and Norway show great heterogeneity, with Finland having the

most (549), Norway the least (7) and Switzerland being in the middle (45). This

could be attributed to the fact that Finland is one of the bookmakers with lowest

margins.

Other notable countries are Serbia and the Czech Republic, both with more

than 550 opportunities, and Italy with just 1 opportunity. Figure 4 only adds

information about the distribution of arbitrage opportunities between Germany's

and the United Kingdom's bookmakers.

Fig. 5 –Bookmaker margin vs. Number of arbitrage opportunities

As seen in the beginning of this section, as one would expect, Figure 5 shows

a negative correlation between bookmaker margin and the number of arbitrage

opportunities a bookmaker is involved in.

Finland, with one of the lowest bookmaker margins, also is one of the

countries appearing the most in arbitrage opportunities. Switzerland and Norway

have high bookmaker margins, and are involved in a much lower number of

arbitrage opportunities.

Lutrijahr seems to be an outlier, but additional variation could for example be

attributed to how quickly bookmakers react to outside information. As arbitrage
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opportunities rely on a handful of bookmakers offering exceptionally good odds

compared to the rest of the market, bookmakers that react slower than others to

outside information, will be more likely to be involved in arbitrage opportunities.

The opposite argument could also be made for providers such as Ladbrokes, Snai

and Norsktipping, which could be reacting very quickly to outside information,

and thus be underrepresented in the arbitrage opportunities. These arguments

could explain the heterogeneity of the number of arbitrage opportunities between

bookmakers.

Fig. 6 –Co-occurrence heatmap by Country

Notes: This graph was generated by iterating over all arbitrage opportunites, and counting how

many times a country was involved in an arbitrage opportunity with another country. For example,

and arbitrage opportunity involving Switzerland, Finland and Norway, would count as one co-

occurrence for Switzerland-Finland, one for Switzerland-Norway, and one for Finland-Norway.

The diagonal is different from zero only for Germany and the United Kingdom, as they are the

only countries with more than one bookmaker in the dataset.

14



Figure 6 shows the co-occurrence of arbitrage opportunities between different

countries. Notably, no country is strongly dependent on another country (50% or

more arbitrage opportunities involving the same country).

Arbitrage margins. The arbitrage margins of arbitrage opportunities, as de-

�ned in Equation 3, are important in the context of this study, as they determine

the attractiveness of an arbitrage opportunity, and one would be justi�ed in

assuming that higher arbitrage margins could lead to shorter lasting arbitrage

opportunities.

Fig. 7 –Distribution of Arbitrage Margins

Figure 7 shows the distribution of arbitrage margins of arbitrage opportunities.

Most arbitrage margins are below 1%.
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Fig. 8 –Average Arbitrage Margin per Bookmaker

Notes: This graph was generated by iterating over all arbitrage opportunities, and every time a

bookmaker was involved in an opportunity, the arbitrage margin of that opportunity was added to

the bookmaker's arbitrage margins. The average arbitrage margin was then calculated by

dividing the total arbitrage margin by the number of opportunities the bookmaker was involved

in.

Figure 8 shows the average arbitrage margin by bookmaker. Both Swisslos

and Norsktipping have low average arbitrage margins. Paddypower only has

15 observations, which could explain the high average arbitrage margin as just

randomly occurring pro�table arbitrage opportunities.
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Fig. 9 –Average Arbitrage Margin per Country Pair

Figure 9 shows the average arbitrage calculated across country pairs. Notably,

high average arbitrage margins are present in country pairs with a low number of

co-occurrent arbitrage opportunities, such as France and Spain (2 co-occurrences,

average arbitrage margin of 2.72%), or Australia and Croatia (1 co-occurrence,

average arbitrage margin of 1.58%). This can then be attributed to pro�table

arbitrage opportunities randomly appearing in pairs of countries with low co-

occurrence, and strongly in�uencing the average.

5 Methodology

5.1 Research Design

This study focuses on the impact of regulatory regimes on the persistence of

arbitrage opportunities in the sports betting context. As I need to analyze the
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persistence (survival) of an observation, I will use common aproaches from

survival analysis, and some descriptive statistics in order to try and explain the

patterns we can observe in the data.

5.2 Variables and Measures

This study is based on the analysis of arbitrage opportunities. Every arbitrage

opportunity found in the data is recorded as a single observation, with the

following characteristics:

• Duration: The outcome variable is the time until an arbitrage opportunity

closes. As the observation frequency is 15 minutes, the survival times can

be between 0 and 15 minutes, which I indicated as 0 minutes, between 15

and 30 minutes, which I indicated as 15 minutes, and so on.

• Date and time: The exact date and time when the arbitrage opportunity

was �rst identi�ed. It is always at 15 minutes lags.

• Event scheduled date: The date and time when the event for which the

arbitrage opportunity was identi�ed is scheduled to take place.

• Odds: Three odds, one for the event "home wins" (1), one for "draw" (X),

one for "away wins" (2).

• Arbitrage margin: The arbitrage margin of the arbitrage opportunity, as

de�ned in Equation 3.

• Providers involved: The three bookmakers involved in the arbitrage op-

portunity. The bookmakers are never repeated in the same observation, as

most bookmakers do not allow multiple bets on the same event.

• Countries involved: There are always a maximum of three countries in-

volved in an arbitrage opportunity, corresponding to the countries where

the bookmakers receive most of their web traf�c. Germany and the United

Kingdom are sometimes repeated in the same observation, as they have

more than one bookmaker.

Other variables I use to explain the patterns observed in the data are:
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• Regulatory regime: Monopolistic for Switzerland, Finland and Norway

and non-monopolistic for the other countries.

• Number of bookmakers per country: Which would be 3 for the United

Kingdom, 2 for Germany, and 1 for every other country.

• Number of arbitrage opportunities per country: As seen in Figure 3.

• Bookmaker speci�c margin: as de�ned in Equation 1, and as seen in

Figure 2.

5.3 Statistical Methods

In order to interpret the survival times of arbitrage opportunities, conduct hy-

pothesis tests, and estimate the impact size of the regulatory regimes on the

persistence of arbitrage opportunities, I use the following statistical methods:

Kaplan-Meier Survival Curves. The Kaplan-Meier method (Kaplan & Meyer,

1958) is used to estimate the survival functionS(t) of arbitrage opportunities,

representing the probability that an arbitrage opportunity remains open beyond

timet. It is de�ned as:

Ŝ(t) = Õ
ti � t

�
1�

di

ni

�
(4)

where:

• t1 < t2 < � � � < tm are the ordered distinct times at which arbitrage opportu-

nities close,

• di is the number of arbitrage closures (events) occurring at timeti ,

• ni is the number of arbitrage opportunities still open (at risk) just before

timeti .

Although the underlying Kaplan-Meier estimator calculates the survival

probabilities at each time point accounting for censoring, the main output of

interest here is the visualization of these estimates as survival curves. These plots

illustrate the probability that an arbitrage opportunity remains open beyond a

given time, and allow for comparison between countries, or between regulatory

regimes.
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Log-Rank Test. The log-rank test (Mantel, 1966) is a non-parametric test

used to assess the null hypothesis that survival functions are equal across two or

more groups (in my case, I will use it for countries and regulatory regimes). For

comparison between two groups, the test statistic is:

c 2 =
(å m

i= 1 (O1i � E1i))
2

å m
i= 1V1i

(5)

where, at each event timeti :

• O1i is the observed number of arbitrage closures in group 1,

• E1i = n1i
ni

di is the expected number of arbitrage closures in group 1 under

the null hypothesis,

• V1i = n1in2idi(ni � di)
n2

i (ni � 1)
is the variance ofO1i ,

• n1i andn2i are the numbers of arbitrage opportunities at risk in group 1

and group 2 just prior toti ,

• ni = n1i + n2i is the total number at risk at timeti ,

• di is the total number of arbitrage closures across both groups at timeti .

Under the null hypothesis, the test statisticc 2 asymptotically follows a

chi-squared distribution with 1 degree of freedom.

Cox Proportional Hazards Model. To estimate the effect size of regulatory

regimes on the hazard rate of arbitrage closure, I apply the Cox Proportional

Hazards regression (Cox, 1972). This approach complements the log-rank test

by providing an effect size estimate and enabling adjustment for other covariates.

The model relates the hazard functionh(t j X)–the instantaneous risk of arbitrage

closure at timet given covariatesX–to a baseline hazardh0(t) and covariates

through the equation:

h(t j X) = h0(t) exp
�

b> X
�

(6)

where:

• h0(t) is the unspeci�ed baseline hazard function,
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• X = ( X1;X2; : : : ;Xp) is the vector of covariates, such as indicators for

country groups or arbitrage margin,

• b = ( b1;b2; : : : ;bp)> are regression coef�cients estimated from data,

• exp(b j ) represents the hazard ratio (HR) associated with a one-unit in-

crease in covariateXj .

The model parameters are estimated by maximizing the partial likelihood

function:

L(b) =
m

Õ
i= 1

exp
�

b> X(i)

�

å j2R(ti) exp
�

b> X j

� (7)

where:

• t1 < t2 < � � � < tm are the observed event times (arbitrage closures),

• X(i) is the covariate vector of the arbitrage opportunity experiencing the

closure event at timeti ,

• R(ti) is the risk set of arbitrage opportunities still open just beforeti .

Maximization of the partial likelihood provides estimates forb , which quan-

tify the multiplicative effects of covariates on the hazard of arbitrage closure.

5.4 Identi�cation Assumptions and Threats to Validity

The validity of causal interpretations in survival analysis depends on several

assumptions:

Exogeneity of Covariates. It is assumed that the regulatory regime and other

covariates (arbitrage margin etc.) are not in�uenced by unobserved confounders

that also affect the survival time of arbitrage opportunities. A possible unobserved

confounder could be the country's population attitue towards gambling. A less

tolerant population could lead to more restrictive regulations, and also less betting

activity, which could lead to slower reabsorption of arbitrage opportunities.

Proportional Hazards Assumption (PHA). The Cox model assumes hazards

are proportional over time. Violation of this assumption can lead to biased

estimates. I test the PHA using scaled Schoenfeld residuals.
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Censoring. It is assumed that censored observations (i.e., arbitrage opportu-

nities not closed within the observation window) do not signi�cantly affect the

estimation of the survival function. Since at any given time only a few arbitrage

opportunities remain open, the proportion of arbitrages censored at the end of

the observation period is very small relative to the total.

Measurement Error. The main source of measurement error is the frequency

of the data collection. As every observation lasting less than 15 minutes is

considered as lasting 0 minutes, every observation lasting between 15 and 30

minutes is considered as lasting 15 minutes, and so on, the survival times are

rounded to the nearest 15 minutes.

Moreover, as seen in Section 4.3, sometimes proxy requests failed. This

means some arbitrage opportunities are ended prematurely, or not identi�ed at

all. This could bias the results, by underestimating the survival times of arbitrage

opportunities. As these inaccuracies are randomly distributed over the whole

sample, I argue that they do not in�uence the comparison between countries, or

between regulatory regimes.

5.5 Software and Reproducibility

The code used to scrape the data, the code used to analyze the data, and the data

itself are made openly available for reproducibility purposes and can be freely

accessed and downloaded here:link. The whole codebase is written in Python.
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6 Results

6.1 Descriptive Statistics

Table 1: Mean, Standard Deviation and Trimmed Mean Duration of Arbitrage
Opportunities by Country

Mean Standard Deviation Trimmed Mean (5 %)

Switzerland 10.00 15.00 9.00

Finland 8.00 16.94 5.32

South Africa 7.55 16.70 5.03

Spain 6.83 15.44 4.57

Macedonia 7.00 15.55 4.43

Czech Republic 7.32 17.85 4.33

United States 6.90 16.77 4.22

France 4.17 6.81 3.97

Serbia 6.26 14.49 3.91

United Kingdom 5.66 11.82 3.82

Croatia 6.25 17.01 3.34

Germany 4.46 9.81 3.00

Romania 3.67 7.77 2.71

Russia 5.30 16.22 2.50

Australia 1.07 3.91 0.39

Norway 0.00 0.00 0.00

Italy 0.00 0.00 0.00

As seen in Table 1, Switzerland's mean duration is the highest, at 10 minutes.

Finland follows with a mean duration of 8 minutes, while Norway, the last

monopolistic country, has a mean duration of 0 minutes, possibly also because

of the low number of arbitrage opportunities found in the data. I will consider

Norway in my analysis of monopolistic regulatory regimes, but because of the

low number of arbitrage opportunities, and absence of arbitrage opportunities

lasting 15 minutes or more, it will not signi�cantly affect the results.

Switzerland not only has the highest mean duration, but also the highest

trimmed mean, being one of the countries least affected by outliers.
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Nonetheless, the standard deviations of the durations are very high, implying

that any mean duration is not representative of the distribution of durations.

Fig. 10 –Co-occurrence Duration of Arbitrage Opportunities by Country

Notes: Every empty cell is due to the absence of arbitrage opportunities between the two

countries. Every cell containing a 0 is due to the arbitrage opportunities between these countries

never lasting more than 15 minutes. Germany and the United Kingdom have co-occurrence

durations on the diagonal because they have more than one provider registered in the country.

Figure 10 shows the co-occurrence duration of arbitrage opportunities by

pair of countries. Both Switzerland and Finland do not strongly depend on any

country, as also seen in Figure 6.

Nonetheless, as seen in Figure 4, Switzerland only has 45 arbitrage opportu-

nities, so statistical power is limited and any conclusion should be drawn with

caution.
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6.2 Kaplan-Meier Survival Curves

In survival analysis, a simple hypothesis test comparing the mean duration to

0 is not suf�cient. Extreme values can skew the results, and the distribution of

survival times is not normal. I use the Kaplan-Meier estimator to estimate the

survival function.

Fig. 11 –Kaplan-Meier Survival Curves by Country

In Figure 11, I plot the Kaplan-Meier survival curves of the arbitrage opportu-

nities by country. The survival curves show the survival probability of an overall

arbitrage opportunity, and the time until it is no longer present. Switzerland has

the highest survival probability up to 30 minutes, and its survival probability is

statistically signi�cantly different from 0 up to 45 minutes. Switzerland has no

observations lasting more than 45 minutes, which is also the reason why it is not

strongly affected by outliers. Finland also has higher than average survival prob-

abilities, which are statistically signi�cantly different from 0 up to 75 minutes.

Norway does not appear, as all its arbitrage opportunities have a duration of 0

minutes.
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No country shows unexpected patterns, and no observation lasts more than

135 minutes.

Fig. 12 –Kaplan-Meier Survival Curve -
Switzerland vs Other Countries

Fig. 13 –Kaplan-Meier Survival Curve -
Finland vs Other Countries

Figures 12 and 13 show, respectively, the Kaplan-Meier survival curves of

Switzerland and Finland against all other countries pooled together. The survival

curves of both countries showcase higher than average survival probabilities.

Switzerland is never statistically signi�cantly different from the other countries

pooled, while Finland is statistically signi�cantly different from the other coun-

tries pooled up to 15 minutes. Even if Switzerland seems to have a higher effect

size, the low number of observations compared to Finland makes it impossible

to conclude that it is statistically signi�cantly different from the other countries

pooled.

26



Fig. 14 –Switzerland, Finland, and Norway Kaplan-Meier Survival Curves vs
Other Countries

As seen in Figure 14, pooling together Switzerland, Finland and Norway

further increases the offset between the survival curves of the two groups, but

almost unnoticeably. The survival curve of the three countries pooled together is

very strongly in�uenced by Finland.

6.3 Log Rank Tests

In order to test whether the survival curves of the countries are statistically

signi�cantly different altogether, I use the log-rank test.

Table 2: Survival Analysis Results: Log-rank Tests by Country Group

Groups Test Statistic P-value

Switzerland 1.704 0.192

Finland 6.955 0.008

Switzerland, Finland 9.363 0.002

Switzerland, Finland, Norway 8.174 0.004
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Table 2 shows the results of the log-rank tests. Switzerland's survival curve

is not statistically signi�cantly different from the other countries pooled together,

while Finland's survival curve is, with a p-value of 0.008. When pooling together

Switzerland and Finland, the survival curve is statistically signi�cantly different

from the other countries pooled together, with a p-value of 0.002. As expected,

adding Norway to the pool of Switzerland and Finland lowers the test statistic, as

Norway only has arbitrage opportunities with a duration of less than 15 minutes.

Nonetheless, the in�uence is very limited, as Norway only has seven arbitrage

opportunities, and the log-rank test remains statistically signi�cant, with a p-value

of 0.004.

As we know that the effect of adding Norway to the pool of Switzerland and

Finland is limited, and as it leads to a more conservative estimate, from now on

I will consider the group where Switzerland, Finland and Norway are pooled

together. Any result I get for this group will also hold, and be more conservative,

than the Switzerland and Finland group.

6.4 Cox Proportional Hazards Model

To further quantify the differences in survival times between the selected country

groups and the other countries, I employ Cox proportional hazards regression

models. In particular, I model the hazard of event occurrence (arbitrage opportu-

nity ending) as a function of group membership.

Table 3: Cox Proportional Hazards Model Without Controlling for Arbitrage
Margin

Group HR 95% CI p-value

Switzerland 0.775 (0.529–1.136) 0.192

Finland 0.843 (0.742–0.957) 0.009

Switzerland, Finland, Norway 0.833 (0.736–0.944) 0.004

Table 3 shows results from Cox proportional hazards models without con-

trolling for arbitrage margin. For Switzerland (CH), the hazard ratio is 0.775

(95% CI: 0.529–1.136) with a p-value of 0.192, which suggests a non-signi�cant

tendency toward longer arbitrage durations. For Finland (FI), hazard ratio is

0.843 (95% CI: 0.742–0.957, p = 0.009), con�rming signi�cant longer durations.
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Similarly, the pooled group CH, FI, NO shows a hazard ratio of 0.833 (95% CI:

0.736–0.944, p = 0.004), again con�rming the signi�cant association between

group membership and longer arbitrage durations.

Fig. 15 –Average Arbitrage Margin vs. Average Duration, at Bookmaker Level
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Fig. 16 –Arbitrage Duration vs. Arbitrage Margin, at Observation Level

Additionally, I decided to adjust for arbitrage margin because, as seen in

Figure 15, and Figure 16, a negative correlation can be observed between the

average duration of arbitrage opportunities and the average arbitrage margin,

both at the provider and observation level. This can be interpreted as arbitrage

opportunities with higher arbitrage margins being more likely to end sooner,

possibly because they are more attractive to bettors.

Table 4: Cox Proportional Hazards Model Controlling for Arbitrage Margin

Group Group belonging Arbitrage Margin

HR 95% CI p-value HR 95% CI p-value

CH 0.792 (0.540–1.164) 0.235 1.063 (0.964–1.173) 0.222

FI 0.848 (0.746–0.963) 0.011 1.059 (0.961–1.167) 0.248

CH, FI, NO 0.840 (0.741–0.952) 0.006 1.052 (0.954–1.160) 0.307

Notes: For formatting reasons, Switzerland, Finland and Norway are abbreviated to CH, FI and

NO, respectively.
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Table 4 presents the results of the Cox proportional hazards regression models

estimating hazard ratios for the end of arbitrage opportunities, controlling for the

arbitrage margin as a covariate.

For Switzerland (CH), the hazard ratio is 0.792 with a 95% con�dence

interval (0.540–1.164) and a p-value of 0.235. This indicates a 20.8% lower

hazard of arbitrage opportunities ending compared to other countries, implying

longer durations, but the effect is not statistically signi�cant. For Finland (FI), a

hazard ratio of 0.848 (95% CI: 0.746–0.963) and a p-value of 0.011 indicate a

statistically signi�cant 15.2% reduction in the hazard, suggesting signi�cantly

longer arbitrage durations. The pooled group CH, FI, NO yields a hazard ratio of

0.840 (95% CI: 0.741–0.952) with a p-value of 0.006, con�rming a signi�cant

association between group membership and longer arbitrage durations.

The arbitrage margin covariate itself has hazard ratios slightly above 1 (1.052

to 1.063) but none are statistically signi�cant (p > 0.2), suggesting no strong

in�uence of margin size on arbitrage duration in this model.

Overall, these results reinforce earlier �ndings based on Kaplan-Meier sur-

vival curves and log-rank tests.

6.5 Cox Proportional Hazards Model Diagnostics

To verify the validity of the Cox proportional hazards models presented in Ta-

ble 3 and Table 4, I examine diagnostic plots assessing the proportional hazards

assumption for both the country group variable and the arbitrage margin co-

variate. The diagnostics include graphical checks of Schoenfeld residuals over

transformed time and statistical tests for independence between residuals and

time.

Fig. 17 –(a) Switzerland: Schoenfeld
Residuals for Country Group

Fig. 18 –(b) Switzerland: Schoenfeld
Residuals for Arbitrage Margin

For Switzerland, the residual plots for the country group (Figure 17) show
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