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ABSTRACT
The manipulation of Euro Interbank Offered Rate (Euribor) is a
problem with great impact on international financial markets. This
paper focuses on two aspects of the Euribor benchmark rate for
the period 2004–2018: the specific features that make the Index
more vulnerable to manipulation and the potential for Index
manipulation over the studied period. To address the first aspect,
we examine the range and the standard deviation of daily quotes,
as well as the panel banks’ quote submissions to the Euribor
administrator, the maximum and minimum quotes and the daily
variation of submissions. As a result, we found a group of five
banks with similar and extreme submission patterns, which might
be a sign of manipulation. Regarding the second aspect, changes
are made in the quotes submitted by panel banks by switching
minimum and maximum daily quotes. Thus, potential for Euribor
manipulation is measured as the difference between the observed
Euribor rate and the estimated rate recalculated with adjusted
quotes. The results indicate that potential for Euribor manipula-
tion is higher when the number of banks in the panel is lower,
when there are many banks involved in the manipulation of the
Index, and in times of financial distress.
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1. Introduction

The likely manipulation of two prominent market benchmark interest rates such as
Euribor (Euro Interbank Offered Rate) and Libor (London Interbank Offered Rate) is
a relevant problem that has affected financial markets in recent years.

First, it should be stressed that benchmark rate-fixing is not a trivial issue.
According to European Commission estimates, Euribor is the benchmark rate for
financial contracts with a total nominal value of about e180 quintillion (European
Central Bank, 2019). These contracts are financial derivatives and mortgages.
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Thus, in order to put into context why and how Euribor manipulation took place,
it is necessary to examine the Euribor rate-setting process and the possible incentives
for Index alteration.

According to the managing body of Euribor, the European Money Markets
Institute, the Euribor benchmark rate is computed on the basis of panel banks’ esti-
mated rate at which they deem a main bank would borrow from another main bank
in the Eurozone interbank market (EMMI, 2013). This quote is submitted and the
Index is fixed as the average rate after discarding the top 15% and bottom 15%
quotes submitted. Note that the Index setting process involves panel banks’ subjective
perceptions rather than real operations data. Therefore, this provides two potential
incentives to manipulate Libor and Euribor.

Provided that panel banks are also investors in derivatives tied to these indices,
there is a clear incentive to move the relevant index in the direction that favours their
positions. Boot et al. (2017) explain this incentive and provide transcripts of bank
management talks as a clear sign of Euribor manipulation.

Another incentive to manipulate arises in times of crisis and consists of panel
banks submitting lower rates than their actual cost of financing, with the intention of
appearing a more solvent position. This is due to the fact that these contributions are
public and can be regarded as a measure of the financing cost of these entities. This
second incentive to manipulate is explained by McConnell (2013) for the Libor index.

It was not until June 2012 that manipulation became relevant worldwide after the
fine of 200 million dollars by the Commodity Futures Trading Commission of the
United States to Barclays Bank for false quote contributions both in Libor and
Euribor (CFTC, 2012). This situation led the European Commission to undertake an
investigation that made clear the involvement of Barclays Bank, Cr�edit Agricole,
HSBC, JP Morgan Chase, Deutsche Bank, Royal Bank of Scotland and Soci�et�e
G�en�erale in the manipulation of Euribor (European Commission, 2013, 2016).

This paper includes a descriptive analysis of Euribor benchmark rate focussing on
quotes provided by panel banks, which is the actual means of manipulation as recog-
nised by incumbent banks. This descriptive analysis includes everything from graphing
the data to calculating features of interest as the percentage of times bank contributions
have been excluded from the calculation over time. Additionally, a study is carried out
on Euribor potential of manipulation by the panel banks, modifying the contributions
of the panel banks, assuming hypothetical manipulations. After examination of both
aspects, the conclusions drawn on the manipulation of Euribor highlight the factors
that have facilitated fraudulent actions. In the light of these conclusions, it is hoped
that Euribor administrators will take the right decisions to improve the Euribor rate-
setting process, who would be the main entity interested in the conclusions.

In reference to the contributions to literature, this study is one of the few focussed
exclusively on Euribor manipulation. In addition, it reinforces some of the proposals
made in the literature and proposes a novel line of investigation based on the results
obtained from the contribution patterns of the condemned banks that include
advanced techniques.

The paper is structured as follows: in Section 2, the literature on the manipulation
of interest rate benchmarks is reviewed. In Section 3, the data and the methodology
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are described. In Section 4, the results are presented. And finally, in Section 5, the
main conclusions are put forward.

2. Theoretical framework

Specialized literature on this subject ranges from the first work that dealt with
anomalies in Libor (Mollenkamp & Whitehouse, 2008), to the most recent research
on the manipulation of benchmark interest rates (Jordanoska & Lord, 2020).

After a thorough examination of literature on the manipulation of Euribor and
Libor, three types of research works have been identified: those that analyse the
manipulation suffered by the reference indices without offering any alternatives; those
that propose methodological changes in these indices or their replacement by other
market benchmarks and those that support keeping current methodology in place
while preventing manipulation with other measures. In addition, there are certain
research works published by international institutions as International Organization
of Securities Commissions (2013), European Securities Market Authority-European
Banking Authority (2013), EMMI (2015), Financial Stability Board (2014), EMMI
(2017) and EMMI (2018).

In addition, to clarify the relationship of the manipulation of financial benchmarks
with other references from other markets and with regulation, see Verstein (2015)
and Fletcher (2016).

2.1. Studies on manipulation of market benchmark interest rates without
offering any alternatives

The study by Mollenkamp and Whitehouse (2008) is the first to detect that some
panel banks provide lower than expected quotes to Libor as compared to those
extrapolated from the Credit Default Swaps. Other research works have performed
the same kind of analysis (Abrantes-Metz et al., 2012) or have reached the same con-
clusion after comparing Libor panel banks quotes with the interest rates at which
these banks actually borrowed from the Fed (Kuo et al., 2012).

Snider and Youle (2012) expose how manipulated contributions could benefit
panel banks in their derivative positions, showing the high frequency of contributions
outside the calculation window from alleged manipulators.

In addition, Chen (2014) highlights the easy prediction by panel banks of cut-off
points and the variability in the combination of banks within the computation range
for Libor. Likewise, Gandhi et al. (2018) analyse the relationship between the quotes
submitted by panel banks and their market positions tied to Libor, showing relation-
ships leading to potential manipulations. Finally, Frunza (2013) has emphasised the
importance of cartel manipulation.

2.2. Studies that propose methodological changes or replacement by
other benchmarks

Among the works that propose methodological changes or the replacement of the
index, there are authors who maintain the median is a statistic harder to manipulate
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than the current trimmed mean (Youle, 2014). Also, the median including prior day
quotes in benchmark rate-setting might as well be harder to manipulate than the cur-
rent trimmed mean (Eisl et al., 2017). Other research works include a number of
alternatives such as Wheatley (2012a) and Wheatley (2012b), while other authors just
propose benchmark replacement with indicators such as the Overnight Index Swap
(Brousseau et al., 2013) or the General Collateral Finance Repurchase Agreement
Index (Hou & Skeie, 2014). Abrantes-Metz (2012) and Duffie and Dworczak (2018)
propose that benchmark rates be calculated with interest rates of real market opera-
tions, or at least that subjective quotes be supported with real operations data (Evans
& Abrantes-Metz, 2012).

Finally, it should be noted that regulatory changes must ensure an Euribor average
value and volatility similar to those observed in the past to avoid affecting all finan-
cial products referenced to the benchmark.

2.3. Studies that support keeping current methodology while preventing
manipulation

Among research works that propose keeping the current methodology, giving pos-
sible solutions to minimise manipulation, the following stand out. Snider and Youle
(2012) propose increasing the number of panel banks to make manipulation harder,
making submitted quotes anonymous and tracking those quotes up to 60 days
after submission.

In addition, Duffie and Stein (2015) advise the increase of sanctions to make
manipulation more expensive. Coulter et al. (2018) develop a mechanism for banks
to be incentivized to provide honest quotes, which consists of giving the possibility to
any panel bank to offer another panel bank an interbank loan at the interest rate they
have submitted, having the ability to report the possible rejections.

3. Methodology

3.1. Data and general methodology

The data used in this study are the daily quotes of panel banks and the long-term
value of Euribor from January 2004 to November 2018. This period has been chosen
because it was the total information provided by the Euribor managing body,
EMMI (2019).

As for Euribor terms, the study focuses on three-month and twelve-month terms
provided that Euribor three-month term is the rate most derivatives are tied to, and
the Euribor twelve-month term is the rate most mortgage loans are linked to.

A refinement of the original data has been carried out at the outset of the study in
order to ensure robustness of subsequent analysis. Consequently, a function has been
programmed with VBA software to recalculate the long-run index by entering daily
quotes. This previous step has facilitated the detection of errors in the data. Once
these deficiencies were corrected, it was possible to replicate the long-run value of the
index for all terms considered. Thus, a data validation process has been carried out.
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Finally, the same procedure of programming calculations automatically for each
day throughout period of study with VBA has been followed in the descriptive ana-
lysis and in the study of the manipulation potential.

3.2. Descriptive analysis

This section covers the descriptive analysis of the data, defining the basic characteris-
tics of data and detecting possible anomalies.

3.2.1. Subperiods under analysis
Both in this analysis and in the subsequent study of the manipulation potential, the
period under review is divided into four subperiods in order to see the differences
among them in terms of manipulation while highlighting the influence of the finan-
cial situation in each subperiod. The studied period has been divided into the Pre-
Crisis (02/01/2004–08/08/2007), Global Financial Crisis (09/08/2007–07/05/2010),
Sovereign Debt Crisis (08/05/2010–30/06/2014) and Post-Crisis (01/07/2014–30/11/
2018). A similar division is made by Ballester et al. (2016) for the study of bank CDS.

Regarding the choice of the cut-off points between subperiods, these are based on
Zorgati et al. (2019), European Central Bank (2009), Drudi et al. (2012) and the
European Commission (2019). These cut-off points have been chosen arbitrarily,
because no consensus has been found in the literature.

3.2.2. Euribor long-term performance, the panel of banks and the range and
standard deviation of quotes
As presented in Figure 1, Euribor performance for both terms is very similar. There
is a prolonged increase in Euribor in the first half of the financial crisis, followed by
a sharp decrease in a few months until its stabilisation about 2010. During the sover-
eign debt crisis there is a slight rebound followed by a gradual drop until it goes into
negative values for both tenors.

In this regard, Figure 1 highlights the large reduction in the number of panel
banks throughout the analysis period. At the beginning of 2004, there were almost 50
banks in the panel, while at the end of 2018 the panel comprised only 20 banks. This
circumstance is due to the fact that, after the convictions of banks for manipulation,
the managing authority tightened the requirements to be a member of the panel.
Another reason was the loss of interest of some banks in being contributors after the
manipulation scandal.

Prior to conducting the study, it was assumed that the lower the number of panel
banks, the greater the potential for manipulation by panel banks, because each bank
quote has greater leverage over the Index computation.

Another aspect analysed is the range and standard deviation of daily quotes over
the study period. The purpose of range and standard deviation analysis is to detect
abnormal quote deliveries signalling unexpected behaviour that may entail
manipulation.

Concerning the quotes range and standard deviation, the high ranges observed in
Figure 1 for both terms throughout the Pre-crisis are rather striking because greater
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similarity in the quotes was expected in that subperiod. However, the differences
detected during the financial crisis are predictable due to the uncertainty situation
and the different solvency situations of panel banks. As for the quotes standard devia-
tions, they follow a trend which is similar to that of their range.

The data analysis reveals that both the anomalies not represented (days 02/06/2004
and 08/14/2006) and those observed in Figure 1 are caused by a panel bank that
delivers an abnormal quote (extremely large) for the day, pretending it is a mistake.
This finding has been investigated by the European Securities Market Authority
(2013), which also warns of the anomalies of 06/02/2004 and 08/14/2006, which it
describes as an error by the panel bank, because the quotes are between 44% and
55.5%. However, it admits that those are the quotes used in the computation of
Euribor on that day. Additionally, it mentions other minor anomalies by panel banks
that provide quotes which are 1% or more apart from the rest of panel banks’.

Therefore, according to the European Securities Market Authority (2013), the
Index has been computed assuming the quotes that cause the anomalous ranges and

Figure 1. Euribor performance for 3-month and 12-month terms, evolution of the panel banks,
and range and standard deviation of quotes for 3-month 12-month terms (2004-2018).
Source: Own elaboration on EMMI (2019).
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standard deviations in Figure 1 are correct. Consequently, the anomalies may be due
to either bank errors in the provision of quotes or possible attempts to manipulate
the Euribor benchmark rate. Therefore, anomalous quotes are not dropped and are
the focus of the present study.

3.2.3. Analysis of panel quotes patterns
This subsection deals with one of the problems of Euribor manipulation. Although
the current Euribor rate-setting process eliminates the 15% top and bottom quotes, a
panel member that consistently provides false extreme quotes would end up modify-
ing the Euribor computation range. This is precisely what the European Securities
Market Authority (2013) demonstrates. Therefore, a high frequency of quotes outside
the calculation range delivered by the same panel member may be an indicator of
attempted manipulation.

It should be noted that to program this analysis, the provisions of the European
Banking Federation (2012) have been followed, which highlights that discarding the
upper and lower 15% values leads to the elimination of a number of panel banks’
quotes. Therefore, the quotes that were likely to be excluded are taken as discarded.

Thus, each of the banks comprising the panel has been monitored during the
15-year study period. Daily data are collected on quotes submitted by each bank,
evaluating whether the provided quote is within the computation range, or is in the
top or bottom 15% excluded from Index computation. Banks that stayed in the
panel for any periods shorter than 18months out of a 15-year study period (10%
of the total period), have been eliminated as it is too short a period to draw any
conclusions. The elimination of these banks is a subjective decision to shorten the
calculation execution time, but it is not significant because none was convicted.
These excluded banks are Caisse Nationale, CDC, Dekabank, IXIS and Unione di
Banche Italiane.

After the elimination of these banks, all 52 remaining banks have stayed in the
Euribor panel from 2004 to 2018, but not all during the entire period. Table 1 shows
the percentage of top and bottom quotes that are likely to be excluded and the per-
centage of quotes that have been taken into account in the Index computation for
each bank.

Table 1 includes the banks convicted of manipulation, and it is observed that, out
of 7 convicted banks, all except Royal Bank of Scotland present a percentage of
quotes potentially out of the computation range greater than that of quotes within it.
However, this is not a sign of manipulation by itself for there are other relevant fac-
tors such as the bank condition and the economic environment at any given time.
This is the reason why there are unconvicted banks with high rates of quotes that fall
both above and below the Index computation range. It is remarkable that there is a
relatively balanced number of quotes provided by convicted banks which fall above
and below the computation range. This could be a sign of quote differing manipula-
tion trends depending on each bank’s investment position.

It is likely that the short presence of Royal Bank of Scotland (RBS) in the study
period makes its participation in the Index manipulation an odd event, conversely to
the rest of convicted banks. Therefore, RBS involvement is harder to detect from the
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mere inclusion or exclusion of quotes in the computation range. Additionally, accord-
ing to the European Commission (2013), RBS was, among convicted banks, the bank
involved in the manipulation for the shortest period of time.

Table 1. Percentage of quotes above high cut-off point (TOP), within computation range (IN) and
below low cut-off point (BOTTOM) over the study period.

3 months tenor 12 months tenor

TOP IN BOTTOM TOP IN BOTTOM

ABN AMRO 54% 32% 14% 43% 44% 13%
ALLIED IRISH BANKS 55% 28% 17% 58% 36% 6%
B. MONTE DEI PASCHI 20% 73% 7% 16% 80% 4%
B. NAZIONALE LAVORO 11% 20% 69% 19% 34% 47%
BANCO SANTANDER 17% 59% 24% 25% 63% 12%
BANK OF IRELAND 7% 63% 30% 7% 70% 23%
BANK OF TOKYO 28% 38% 34% 24% 34% 42%
BANQUE D EPARGNE 11% 56% 33% 8% 68% 24%
BARCLAYS ��� 11% 33% 56% 26% 42% 32%
BAYERNLB 6% 41% 53% 25% 47% 28%
BBVA 35% 54% 11% 29% 63% 8%
BELFIUS 39% 45% 16% 21% 71% 8%
BNP PARIBAS 17% 27% 56% 21% 38% 41%
CAIXABANK 2% 89% 9% 2% 95% 3%
C. G. DE DEPOSITOS 54% 26% 20% 53% 29% 18%
CAPITA 24% 34% 42% 19% 49% 32%
CECABANK 30% 51% 19% 34% 55% 11%
CITIBANK 14% 34% 52% 22% 44% 34%
COMMERZBANK 9% 68% 23% 7% 77% 16%
CREDIT AGRICOLE��� 37% 36% 27% 30% 38% 32%
CREDIT INDUSTRIEL 34% 33% 33% 27% 45% 28%
DANSKE BANK 12% 52% 36% 27% 46% 27%
DEUTSCHE BANK��� 42% 21% 37% 41% 31% 28%
DRESDNER BANK 12% 42% 46% 10% 47% 43%
DZ BANK 30% 33% 37% 20% 42% 38%
ERSTE BANK 77% 18% 5% 61% 32% 7%
FORTIS 53% 34% 13% 42% 36% 22%
HELABA 30% 50% 20% 28% 59% 13%
HSBC��� 29% 47% 24% 22% 60% 18%
HVB 7% 24% 69% 10% 33% 57%
ING 12% 64% 24% 8% 67% 25%
INTESA SANPAOLO 11% 69% 20% 9% 72% 19%
JP MORGAN CHASE��� 16% 27% 57% 10% 32% 58%
KBC GROUP 33% 55% 12% 19% 67% 14%
LA BANQUE POSTALE 12% 47% 41% 11% 62% 27%
LBB 6% 66% 28% 5% 72% 23%
LBBW 8% 54% 38% 6% 57% 37%
NATEXIS 63% 22% 15% 48% 36% 16%
N. BANK OF GREECE 37% 49% 14% 37% 52% 11%
NATIXIS 28% 55% 17% 26% 64% 10%
N. LANDESBANK 15% 48% 37% 8% 48% 44%
NORDEA BANK 6% 59% 35% 7% 63% 30%
POHJOLA 2% 94% 4% 0% 98% 2%
RABOBANK 12% 36% 52% 5% 40% 55%
R. ZENTRALBANK 8% 56% 36% 10% 62% 28%
R. B. OF SCOTLAND��� 8% 81% 11% 33% 67% 0%
SANP 22% 37% 41% 19% 61% 20%
SOCIETE GENERALE��� 53% 30% 17% 39% 27% 34%
S. HANDELSBANKEN 27% 65% 8% 23% 70% 7%
UBS 23% 30% 47% 15% 40% 45%
UNICREDIT 26% 60% 14% 16% 73% 11%
WESTLB 33% 48% 19% 29% 54% 17%
���Banks convicted of manipulation.
Source: Prepared by the authors.
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A period of special interest for studying the percentage of contributions within
and outside the calculation is that in which the manipulation took place (2007–2013).
In this sense, the percentages above and below the cut-off points (top and bottom)
are obtained for that period and presented in a radar plot (Figure 2) in order to visu-
ally identify the manipulation patterns of the panel banks.

As can be seen in Table 1, five of the seven manipulator banks show very similar
contribution patterns significantly different from the rest. In addition, these patterns
are characterised by a very similar percentage of submissions into and out of the cal-
culation from range.

Finally, note that the high percentage of quotes discarded is due to low quote vari-
ability during some subperiods. That is, there are periods where many banks’ quotes
are alike and not too far apart from other panel banks’ quotes. Thus, the following
section will focus on extreme values for daily quotes.

3.2.4. Extreme quotes analysis
This subsection complements the analysis of quotes that are in and out of the compu-
tation range. In this vein, we study both the percentage of extreme quotes by each
panel bank that are either in the top-3 values or in the bottom-3 values for each com-
putation day, and the number of non-extreme values. This information highlights the
extreme quote patterns and attempts to clarify their possible association with anti-
competitive practices.

The results in Table 2 show a high percentage of non-extreme quotes. Note that
four of the banks with about 40% extreme quotes are convicted of manipulation
(Barclays Bank, Deutsche Bank, JP Morgan Chase and Soci�et�e G�en�erale).

It is difficult to identify illegal anti-competitive practices resulting from the
specific financial situation of each bank just by relying on a descriptive

Figure 2. Comparison of the contribution behaviour of the banks of the panel in the manipulation
period (2007-2013).
Source: Own elaboration on EMMI (2019).

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 2841



analysis. However, any measures the Index administrator might take to curb
manipulation should pay special attention to the ranking of quotes delivered by
each bank.

Table 2. Percentage of quotes in the top-3 values (TOP), non-extreme values (IN) and bottom-3
values (BOTTOM).

3 months tenor 12 months tenor

TOP-3 IN BOTTOM-3 TOP-3 IN BOTTOM-3

ABN AMRO 21% 73% 6% 22% 72% 6%
ALLIED IRISH BANKS 30% 62% 8% 33% 63% 4%
B. MONTE DEI PASCHI 8% 87% 5% 8% 90% 2%
B. NAZIONALE LAVORO 3% 61% 36% 9% 62% 29%
BANCO SANTANDER 5% 81% 14% 9% 83% 8%
BANK OF IRELAND 0% 85% 15% 1% 85% 14%
BANK OF TOKYO 24% 55% 21% 18% 59% 23%
BANQUE D EPARGNE 3% 81% 16% 4% 85% 11%
BARCLAYS ��� 5% 52% 43% 14% 61% 25%
BAYERNLB 2% 63% 35% 10% 75% 15%
BBVA 29% 62% 9% 22% 72% 6%
BELFIUS 21% 67% 12% 9% 87% 4%
BNP PARIBAS 9% 46% 45% 11% 57% 32%
CAIXABANK 1% 91% 8% 0% 97% 3%
C. G. DE DEPOSITOS 42% 48% 10% 46% 44% 10%
CAPITA 3% 80% 17% 5% 80% 15%
CECABANK 15% 74% 11% 21% 73% 6%
CITIBANK 7% 63% 30% 14% 71% 15%
COMMERZBANK 2% 87% 11% 2% 90% 8%
CREDIT AGRICOLE��� 20% 64% 16% 16% 61% 23%
CREDIT INDUSTRIEL 17% 68% 15% 15% 72% 13%
DANSKE BANK 6% 73% 21% 18% 66% 16%
DEUTSCHE BANK��� 35% 37% 28% 36% 48% 16%
DRESDNER BANK 1% 77% 22% 3% 72% 25%
DZ BANK 15% 58% 27% 14% 62% 24%
ERSTE BANK 42% 57% 1% 29% 68% 3%
FORTIS 35% 60% 5% 23% 63% 14%
HELABA 8% 82% 10% 8% 87% 5%
HSBC��� 17% 67% 16% 14% 74% 12%
HVB 1% 63% 36% 2% 62% 36%
ING 7% 81% 12% 4% 80% 16%
INTESA SANPAOLO 4% 86% 10% 3% 84% 13%
JP MORGAN CHASE��� 5% 56% 39% 3% 58% 39%
KBC GROUP 10% 85% 5% 5% 87% 8%
LA BANQUE POSTALE 5% 74% 21% 3% 87% 10%
LBB 1% 86% 13% 1% 86% 13%
LBBW 2% 79% 19% 3% 72% 25%
NATEXIS 25% 69% 6% 23% 68% 9%
N. BANK OF GREECE 22% 71% 7% 23% 71% 6%
NATIXIS 16% 74% 10% 13% 82% 5%
N. LANDESBANK 4% 76% 20% 3% 67% 30%
NORDEA BANK 2% 78% 20% 2% 79% 19%
POHJOLA 0% 99% 1% 0% 100% 0%
RABOBANK 5% 63% 32% 2% 66% 32%
R. ZENTRALBANK 2% 82% 16% 3% 83% 14%
R. B. OF SCOTLAND��� 1% 98% 1% 17% 83% 0%
SANP 3% 86% 11% 4% 91% 5%
SOCIETE GENERALE��� 43% 47% 10% 29% 49% 22%
S. HANDELSBANKEN 8% 89% 3% 10% 87% 3%
UBS 15% 55% 30% 11% 57% 32%
UNICREDIT 13% 78% 9% 8% 86% 6%
WESTLB 13% 76% 11% 12% 77% 11%
���Banks convicted of manipulation.
Source: Prepared by the authors.
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3.2.5. Analysis of quotes’ daily differences
In this subsection, the absolute value of the change in daily quotes provided by each
bank is examined in order to find possible sudden changes in quotes. In light of the
results obtained in terms of average variation of daily quotes, convicted banks seem
to be in tune with the rest of the banks.

Thus, it is likely that banks with cartel-like behaviour could manipulate the Index
on a daily basis without large fluctuations in their quotes. In fact, these two
approaches would be consistent with the ease of prediction of cut-off points proposed
by Chen (2014), or with the possibility of a manipulation of lesser effect but more
frequent indicated by Eisl et al. (2017) respectively.

3.3. Potential of manipulation

The term manipulation is defined as any actions concerning quotes submission by
panel banks that not only differs from true and honest, but also causes a distortion
effect on prices (or interest rates), following the approach of Kyle and
Viswanathan (2008).

Thus, the manipulation potential of Euribor from 2004 to 2018 is assessed applying
a methodology similar to that used by Eisl et al. (2017) but expanded and focused on
Euribor. The possibility of manipulation has been examined by replacing the min-
imum with maximum daily quotes for each single bank; and then up to four banks
in hypothetical cartel form (upward manipulation). Later, the potential for manipula-
tion is analysed following the inverse process, replacing maximum with minimum
quotes (downward manipulation).

Next, the Euribor rate is recalculated, and the resulting difference between the reg-
istered value of the Index and the recalculated value with adjustments is the potential
for Euribor manipulation. The assumption of the hypothetical cartel is not far from
reality as can be read in European Commission (2016). In addition, the decision to
assume up to a maximum of four banks in collusion is motivated by going beyond
what is stated by Eisl et al. (2017), since a supposed larger cartel is composed of three
banks.

4. Results

This section explores results of the Index manipulation potential and its development.
This study intends to measure the potential for manipulation of Euribor throughout
the study period, as well as to assess the potential of manipulation with alternative
methodologies.

4.1. Mean and standard deviation of manipulation potential

The results for upward and downward manipulation potential are presented in
Table 3.

Accordingly, in Table 3, with respect to the total period, there is an average poten-
tial for manipulation that ranges from 0.0016% for a single bank to 0.0064% for a
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cartel of four banks for any three-month term. Similarly, the variability measured by
the standard deviation is within the range 0.0013% and 0.0048% for the same term.
For 12-month terms, the respective figures go from 0.0022% to 0.0083% average
potential, and standard deviation within the range 0.0016% and 0.0054%. In short,
the manipulation potential is greater the greater the number of banks hypothetically
involved in manipulation.

Out of all subperiods under study, the highest potential for manipulation and the
most variable values take place during the Debt crisis and the Global financial cri-
sis subperiods.

In the Global financial crisis, the average level of manipulation potential for a sin-
gle bank is 0.0024% for a 3-month term (0.0026% for a 12-month term) while for a
cartel of four banks it is 0.0095% for a 3-month term (0.0102% for a 12-month
term). That is, in that period four banks could, on average, alter the Euribor by about
0.01% (1 basic point), and in view of the high standard deviation of 0.0079% 3-month
term (0.008% for 12-month term) it is feasible that on certain days the potential was
well above 0.01%. Unsurprisingly, the results indicate that the potential for manipula-
tion is greater in periods of crisis than in periods of stability.

Likewise, from the comparison between the Pre-crisis period and the Post-crisis
period, the expectation is confirmed that the lower the number of panel banks, the
greater the potential for manipulation. This is due to the fact that in the Pre-crisis
subperiod (according to Figure 1) the number of panel banks is in the range 45–50
whereas in the Post-crisis subperiod it is in the range 20–25, both subperiods being
stable. These results are in line with those obtained by Eisl et al. (2017) for 3-month
Euribor from 2005 to 2012.In the case of the potential for manipulation of Euribor
downwards, the same fundamental conclusions are drawn as from the analysis of
upward manipulation.

Finally, from the comparison of both manipulation types, no important differences
are found.

4.2. Daily potential for manipulation

This subsection describes the characteristics of potential for manipulation on a daily
basis. For this purpose, the time series of the differences between the observed (his-
torical) Euribor rate and the recalculated benchmark rate are presented in Figure 3
for 3-month and 12-month terms both for upward and downward manipula-
tion potential.

On a comparative basis, Figure 3 shows very similar upward manipulation poten-
tial for both 3-month and 12-month terms. The remarkable difference is that during
the Global financial crises subperiod, the 3-month Euribor presents more extreme
values for potential for upward manipulation than the 12-month rate. On the other
hand, the 3-month Euribor rate is more likely to be manipulated at very specific
points in time but, on average, it is less likely to be manipulated than the 12-month
rate (Table 3).

In addition, the results presented in Table 3 are confirmed in Figure 3, both in
terms of the potential for manipulation in different subperiods and the incidence of
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the gradual reduction in the number of panel members. The reduction of the number
of banks comprising the panel is what keeps the potential for manipulation at the
same level throughout Sovereign debt crisis and Post-crisis subperiods. This is the
case because, although in the Post-crisis subperiod there is more stability in quote
submissions, the number of panel banks was gradually reduced.

Similarly, from Figure 3 it can be inferred that the potential for downward
manipulation and upward manipulation develop in similar terms.

In summary, the greater the number of banks involved in the potential manipula-
tion, the greater the effect, the results presented in Table 3 and in Figure 3 being stat-
istically significant with a 1% One-Sample T-Test (Table 4).

4.3. The potential for manipulation of the median and the mode

In the literature, many authors propose a change in rate-setting methodology to
reduce the potential for Euribor manipulation. In this sense, the same procedure is
followed in the study of the potential for manipulation of the trimmed mean (current
methodology), the median and the mode in the same way as done in Section 4.1.
This section is important because it contains an example of two possible methodo-
logical changes, highlighting the problems that could arise from the Euribor adminis-
tration applying those changes.

The results are displayed in Table 5, for upward and downward manipulation.
The data in Table 5 show that for both terms (3-month and 12-month) the

upward manipulation potential is much lower for the median and the mode than for
the trimmed mean, especially for the mode case.

Figure 3. Potential for upward and downward manipulation, for 3-month and 12-month terms.
Source: Own elaboration.
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However, Table 5 also shows a much higher standard deviation for the mode as
compared to that of the trimmed mean. In other words, these two alternative meth-
odologies have a lower potential for manipulation in average terms, but much more
variable mode, which could make it difficult for Euribor administrators to control
these kind of illegal actions.

These techniques are selected for their simplicity and for their lower vulnerability
to manipulation. In fact, the median is proposed by Youle (2014). As for the mode, it
was expected that its manipulation would be very complex because it would require
foreseeing which quote submission would be the most frequent. Note that results in
Table 5 for downward potential are similar to upward, thereby supporting the conclu-
sions drawn previously. In this respect, a high standard deviation for the mode is
observed again. Thus, it is found that this is the case in periods of disparate quote
submissions within panel banks, or when a cartel of just two, three or four banks is
able to submit extreme equal quotes and cause the mode of submissions for a given
day to be an extreme value. This results in that, over the few days when the optimal
conditions occur, the potential for manipulation is either upward or downward and
up to 5 basic points, thus explaining the high standard deviations.

4.4. Analysis of differences between the observed Euribor rate and the rate
calculated on the basis of the median and the mode

Since the proposed rate-setting techniques have lower potential for manipulation than
current Euribor rate-setting methodology, an additional requirement is contemplated in
this subsection. For a hypothetical change of calculation method to be acceptable, the
resulting benchmark rate must be very similar to the observed (historical) Euribor rate,
to ensure that the future the value of the new benchmark rate will not differ signifi-
cantly from the rate computed with the current Euribor rate-setting methodology.

This requirement is essential to make any methodological changes feasible, other-
wise the disruptive shock in the financial markets would be worse than the manipula-
tion of benchmark rates.

Table 4. One sample t-test results.
Methodology Banks Tenor Estimate Statistic P value

Upward 1 3M 0.0016 72.9635 0
Upward 2 3M 0.0033 80.6581 0
Upward 3 3M 0.0049 82.0118 0
Upward 4 3M 0.0064 81.9131 0
Downward 1 3M 0.0016 69.3092 0
Downward 2 3M 0.0034 74.6983 0
Downward 3 3M 0.005 72.9932 0
Downward 4 3M 0.0064 70.3447 0
Upward 1 12M 0.0022 85.3839 0
Upward 2 12M 0.0044 91.1976 0
Upward 3 12M 0.0065 93.362 0
Upward 4 12M 0.0083 93.6639 0
Downward 1 12M 0.0023 77.1912 0
Downward 2 12M 0.0048 78.1369 0
Downward 3 12M 0.0071 77.9689 0
Downward 4 12M 0.009 79.2543 0

Source: Own elaboration.
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In order to test this requirement, the differences between the observed Euribor
rate and that calculated with the median and mode are calculated for each subperiod.

As shown on Table 6, the average differences between median rates computed
over the total period with observed Euribor rates are 0.0026% for 3-month term and
0.0028% for 12-month term. The corresponding values for the mode are 0.0041% and
0.0045%. That is, for both rate-setting methods proposed, the Euribor benchmark
rate value would have been different. Note that the differences soar in crisis subper-
iods. The average differences for the median in the Global financial crisis subperiod
are 0.0035% and 0.0037% for 3-month and 12-month terms, respectively. In the case
of the mode, the average differences in the Global financial crisis subperiod are
0.0084% and 0.0089% for 3-month and 12-month terms, respectively.

Therefore, these differences have a great potential impact on financial markets. In
fact, in the case of the mode, this difference is on average near 1 basic point during
the Global financial crisis. Additionally, in consideration of the values observed for
the standard deviation, it is concluded that there is high variability in the differences,
which indicates that the deviations between observed Euribor rates and recalculated
rates are not stable.

Finally, this sizeable difference leads us to question whether the change of Euribor
current calculation method to any of the two methodologies proposed is feasible.

Table 5. Potential for manipulation of trimmed mean, median and mode.

Type
Trimmed mean Median Mode

3 months 12 months 3 months 12 months 3 months 12 months

Average 1 Bank Upward 0.0016% 0.0022% 0.0007% 0.0007% 0.0001% 0.0001%
S. Deviation 1 Bank Upward 0.0013% 0.0016% 0.0021% 0.0022% 0.0033% 0.0023%
Average 2 Banks Upward 0.0033% 0.0044% 0.0013% 0.0015% 0.0001% 0.0003%
S. Deviation 2 Banks Upward 0.0025% 0.003% 0.0033% 0.0033% 0.0039% 0.0064%
Average 3 Banks Upward 0.0049% 0.0065% 0.0021% 0.0024% 0.0006% 0.0007%
S. Deviation 3 Banks Upward 0.0037% 0.0043% 0.0041% 0.0042% 0.0077% 0.0091%
Average 4 Banks Upward 0.0064% 0.0083% 0.003% 0.0038% 0.001% 0.0013%
S. Deviation 4 Banks Upward 0.0048% 0.0054% 0.0048% 0.0049% 0.0084% 0.0114%
Average 1 Bank Downward 0.0016% 0.0023% 0.0007% 0.0007% 0% 0%
S. Deviation 1 Bank Downward 0.0014% 0.0018% 0.0021% 0.0023% 0.0005% 0.0005%
Average 2 Banks Downward 0.0034% 0.0048% 0.0014% 0.0015% 0.0005% 0.0003%
S. Deviation 2 Banks Downward 0.0028% 0.0038% 0.0032% 0.0034% 0.0122% 0.0106%
Average 3 Banks Downward 0.005% 0.0071% 0.0022% 0.0025% 0.0011% 0.0006%
S. Deviation 3 Banks Downward 0.0043% 0.0056% 0.0041% 0.0043% 0.0153% 0.0129%
Average 4 Banks Downward 0.0064% 0.009% 0.0031% 0.0038% 0.0016% 0.0016%
S. Deviation 4 Banks Downward 0.0057% 0.007% 0.0049% 0.0051% 0.0169% 0.0181%

Source: Own elaboration.

Table 6. Mean and standard deviation of differences between observed Euribor rates and rates
computed with the median and the mode for 3-month and 12-month terms.

Median Mode

Mean 3m SD 3m Mean 12m SD 12m Mean 3m SD 3m Mean 12m SD 12m

Total 0.0026% 0.0023% 0.0028% 0.0025% 0.0041% 0.0074% 0.0045% 0.0076%
Pre-crisis 0.0028% 0.0015% 0.0026% 0.0016% 0.0031% 0.0017% 0.0030% 0.0020%
G. F. crisis 0.0035% 0.0039% 0.0037% 0.0041% 0.0084% 0.0152% 0.0089% 0.0151%
S. D. crisis 0.0026% 0.0020% 0.0031% 0.0023% 0.0042% 0.0044% 0.0051% 0.0053%
Post-crisis 0.0020% 0.0013% 0.0021% 0.0015% 0.0021% 0.0016% 0.0024% 0.0019%

Source: Own elaboration.
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5. Conclusions

Given the great impact of the Euribor benchmark rate on many economic agents, the
main objective of this paper is to study the potential for Euribor manipulation in
general and, more specifically, the characteristics of quote submissions by panel
banks. The ultimate goal is to put forward considerations and suggestions for
improvement that Euribor administrators might find helpful.

Prior to the study of the potential for manipulation, a descriptive analysis provides
certain indications of the manipulation of Euribor. Accordingly, past Euribor per-
formance and panel display patterns, daily ranges, and standard deviations are exam-
ined throughout the study period. The quote submissions by each panel member are
also analysed relative to the Euribor calculation range and the variability of daily sub-
missions by each individual bank. According to our descriptive analysis, all convicted
banks seem to have similar quote submission patterns among them and slightly dif-
ferent ones from non-convicted banks’, except for RBS for reasons already mentioned.
The in-depth analysis of quote submission patterns indicates that it is possible to dis-
tinguish two types of banks: convicted banks and non-convicted banks. This is in line
with the discovery of Frunza (2013) for Libor. In particular, it has been obtained that
out of the seven convicted banks, a total of five banks have a similar quote submis-
sion pattern, consisting of providing extreme quote values either above or below the
Euribor daily calculation range.

Additionally, this study evaluates the possible impact of illegal actions on the
benchmark rate. To this end, certain adjustments are made on observed (historical)
quote submissions assuming hypothetical manipulations, measuring the difference
between the observed Euribor benchmark rate and the rate recalculated with
adjusted quotes.

The results suggest that the larger the number of banks involved in cartel behav-
iour, the greater the potential for manipulation, and they may alter the benchmark
rate by more than one basic point. The potential for manipulation is greater in times
of crisis than in periods of stability and it is also higher the smaller the number of
banks in the panel. As shown before, there are rate-setting methodologies, such as
the median and the mode, that are less vulnerable to fraud and manipulation, but the
substantial difference between the observed Euribor rate and the recalculated rate is a
major hindrance to methodological change. All these findings coincide with the con-
clusions of Eisl et al. (2017).

Consequently, the Euribor Administrators should consider increasing the number
of panel banks, so that the relative importance of submissions by each individual
bank are diminished and the potential for manipulation is reduced. In addition, the
Administrators must closely monitor the rate-setting process in times of crisis, as
uncertainty in credit markets will intensify the effects of manipulation. As a last rec-
ommendation, it is proposed that the Administrators examine submission patterns
and take quick action if suspicious patterns are detected and sustained over time. The
use of novel techniques for the detection of patterns that could indicate cases of
manipulation is recommended, such as Machine Learning techniques capable of dis-
criminating possible manipulative and non-manipulative banks after learning from
past data.
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The main limitations of the study are that computationally advanced techniques
have not been used to detect manipulation patterns and that the manipulation poten-
tial has been defined subjectively but following the literature.

Finally, future research on potential manipulation of benchmark rates could focus
on the following questions. It would be worth trying to identify manipulative and
non-manipulative banks with Machine Learning techniques applied to quote submis-
sion patterns. In addition, a research work such as the present one could be done on
the Libor benchmark rate for the same study period.
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