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a b s t r a c t
Banks hold capital to guard against unexpected surges in losses and long freezes in ﬁnancial markets. The
minimum level of capital is set by banking regulators as a function of the banks’ own estimates of their
risk exposures. As a result, a great challenge for both banks and regulators is to validate internal risk models. We show that a large fraction of US and international banks uses contaminated data when testing
their models. In particular, most banks validate their market risk model using proﬁt-and-loss (P/L) data
that include fees and commissions and intraday trading revenues. This practice is inconsistent with the
deﬁnition of the employed market risk measure. Using both bank data and simulations, we ﬁnd that data
contamination has dramatic implications for model validation and can lead to the acceptance of misspeciﬁed risk models. Moreover, our estimates suggest that the use of contaminated data can signiﬁcantly
reduce (market-risk induced) regulatory capital.
Ó 2011 Elsevier B.V. All rights reserved.

1. Introduction
By gradually expanding their activities, modern banks have exposed themselves to a broader risk spectrum. In response, they
have developed large-scale risk-management systems to monitor
risks within their banking and trading books. Over the past
15 years, these internal risk models have been increasingly used
by banking regulators to impose on banks minimum levels of capital. If inaccurate, in-house risk assessments can lead to inappropriate levels of regulatory capital. Hence, the validation process of
internal risk models turns out to be of paramount importance to
guarantee that banks have adequate capital to cope with unexpected surges in losses and long freezes in ﬁnancial markets. Nevertheless, the recent ﬁnancial turmoil has cast serious doubt on
current practices and calls for a more rigorous examination of
banks’ risk models. Following a series of risk management failures
(Stulz, 2008, 2009), new proposals on capital regulation have ﬂourished at an unprecedented pace (Basel Committee on Banking
Supervision, 2009a). In this context of profound regulatory uncertainty, it has never been so imperative for banks to prove that their
risk-management systems are sound.
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In this paper, we analyze the process by which banks appraise
the validity of their risk models. Using a sample that includes the
largest commercial banks in the world, our analysis reveals a key
inconsistency in the way banks validate their models. We uncover
that most banks use inappropriate data when testing the accuracy
of their risk models. In particular, we document that a large fraction of banks artiﬁcially boost the performance of their models
by polluting their proﬁt-and-loss (P/L) with extraneous proﬁts
such as intraday revenues, fees, commissions, net interest income,
and revenues from market making or underwriting activities.
In order to understand the inconsistency identiﬁed in this paper, consider a simple bank that only trades one asset, say asset
A. To measure its market risk exposure and determine its regulatory capital, the bank typically computes its 1-day ahead 99% Value-at-Risk (VaR), which is simply the VaR of asset A times the
number of units owned at the end of a given day.1 The ‘‘perimeter’’
of the VaR model includes all trading positions that are marked-tomarket, i.e., the trading book of the bank. Periodically, the banking
regulator checks whether the VaR model is producing accurate
ﬁgures. To do so, it compares the daily P/L of the trading portfolio
to the daily VaR, a process known as backtesting. If the model is
1
The market-wide 1-day ahead 99% VaR indicates the amount of money a bank can
loose on proprietary trading over the next day, using a 99% conﬁdence interval. Banks
compute ﬁrm-level VaR using parametric models (e.g. Monte Carlo) or nonparametric models (e.g. historical simulation).
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To date, and to the best of our knowledge, the literature has remained remarkably silent on how widespread P/L contamination is
and what are the real consequences on risk model validation. As a
matter of fact, while regulators typically acknowledge the potential
danger of using contaminated P/L, the transposition of the Market
Risk Amendment of the Basel Accord in national law remains vague. In Europe for instance, the directive 2006/49/EC on the Capital
Adequacy of Investment Firms and Credit Institutions states that
competent authorities may require institutions to perform backtesting on changes in portfolio value that would occur were
end-of-day positions to remain unchanged, or excluding fees,
commissions, and net interest income, or both.2 In the US, at the
time the Market Risk Amendment to the Basel Accord was adopted
in the mid-1990s, a VaR exception was deﬁned as the condition
when the contaminated P/L is less than the VaR. In 2006, a joint
Notice of Proposed Rulemaking entitled ‘‘Risk-Based Capital Standards: Market Risk’’ originated from the Board of Governors of the
Federal Reserve System, the Federal Deposit Insurance Corporation,
the Ofﬁce of the Comptroller of the Currency, and the Ofﬁce of Thrift
Supervision. Among the changes proposed by the agencies was the
exclusion of fees, commissions, reserves, and net interest income
for the trading P/L used for regulatory backtesting. The second
modiﬁcation suggested by the agencies was to base regulatory backtesting on uncontaminated P/L. While most of the leading US banks
agreed that the new requirement would make more sense than the

current practice, they claim that it would prove extremely
burdensome.3
In this paper, we systematically examine the extent to which
banks use contaminated P/L and investigate the economic impact
of current risk management practices. To do so, we collect speciﬁc
information on risk management from the annual reports of the
largest 200 US and international commercial banks. In a ﬁrst set
of results, we ﬁnd that over the period 2005–2008, less than 6%
of the largest commercial banks in the world evaluate their risk
models using the appropriate ‘‘uncontaminated’’ data. This proportion has remained pretty constant over the sample period and in
particular has not increased during the recent ﬁnancial crisis.
Moreover, we uncover that only 28.2% of the sample banks screen
out intraday revenues, and 7.1% of the sample banks do remove
fees and commissions from their P/L.4 We also show that the use
of clean data is more popular among the largest banks and also more
common in Europe.
In a second set of results, we show that data contamination has
a substantial economic impact on backtesting outcomes. In particular, we ﬁnd that banks using contaminated data have much fewer
days with trading losses and much fewer VaR exceptions than
banks that rely on uncontaminated data. While the average number of VaR exceptions is 3.18 per year for the entire sample, it is
equal to 6.12 for banks that use uncontaminated data. From a related perspective, a direct impact of inﬂating P/L with fees and
intraday trading revenues is to lower the rejection rate of standard
validation techniques used by banking regulators. Using the ‘‘trafﬁc light’’ approach developed and used by the Basel Committee, we
estimate that 23.5% of the risk models are rejected when tested
with uncontaminated P/L, whereas only 10.8% of the risk models
are rejected when tested with P/L that include both fees and intraday trading revenues. Furthermore, under the current regulatory
framework, banking regulators increase capital requirements for
banks experiencing an excessive number of VaR exceptions. As
contamination tends to lower the number of exceptions, it
mechanically reduces the penalty imposed by banking regulators.
A back-of-the-envelope computation suggests that, for an average
sample bank, data contamination can lead to a 17% reduction in
market-risk induced capital.
Several multivariate tests further back up our results. In particular, Poisson regressions conﬁrm that the type of P/L data used by
banks materially impacts backtesting results. Even after controlling
for bank-speciﬁc characteristics, risk taking, VaR methodology,
market conditions as well as the regulatory environment, we
estimate that banks that employ uncontaminated P/L experience
signiﬁcantly more VaR exceptions. Reassuringly, ancillary speciﬁcations reveal that our results are robust to the potential endogeneity
of banks’ decision to disclose speciﬁc information on backtesting.
Next, we investigate how P/L contamination affects the performance of standard statistical tests used to backtest VaR models.
These statistical tests are routinely used by risk managers and
banking regulators to validate models and, if needed, penalize
banks with poorly-performing risk-management systems. We conduct a Monte Carlo experiment to measure the sensitivity of each
test to contaminated P/L. Using a battery of backtesting methods
and contamination speciﬁcations, we show that P/L contamination
severely distorts conclusions about model accuracy. In particular,
the average rejection rates of common VaR evaluation tests
vary from being six times too high to being two times too low

2
The transposition of the Directive 2006/49/EC in national law has been completed
for all the major EU member states. For a list of national transpositions of the
Directive 2006/49/EC within EU member states, see http://www.c-ebs.org/documents/Supervisory-Disclosure/spreadsheets/rules/Rules_directive2006-49.aspx.

3
Public comments from US banks on the 2006 Risk-Based Capital Standards
proposal can be found on http://www.federalreserve.gov/generalinfo/foia/
index.cfm?doc_id=R%2D1266&doc_ver=1.
4
In the following, the term ‘‘fees and commissions’’ refers to fees, commissions, net
interest income, reserves, revenues from market-making, and revenues from underwriting activities.

correctly speciﬁed, the bank should experience a VaR exception (i.e.
P/L lower than VaR) one percent of the time, that is 2.5 days per year.
To formally validate its model, the bank faces two key requirements.
First, as VaR is based on yesterday’s positions, the P/L used in backtesting must imperatively reﬂect the gains and losses that would
result from yesterday’s positions. Second, the P/L must only include
items that are used to compute the VaR. As a result, it should not
comprise intraday trading revenues (due to changes in the number
of assets owned) and revenues and fees from activities that are not
included in the risk model perimeter. If it does, the P/L is contaminated and backtesting may be severely ﬂawed.
The issue of P/L contamination is not new. Indeed, it was already mentioned by the Bank for International Settlements (BIS)
in the 1996 Amendment of the Basel Accord:
‘‘While this is straightforward in theory, in practice it complicates the issue of backtesting. For instance, it is often argued
that value-at-risk measures cannot be compared against actual
trading outcomes, since the actual outcomes will inevitably be
‘‘contaminated’’ by changes in portfolio composition during
the holding period. According to this view, the inclusion of fee
income together with trading gains and losses resulting from
changes in the composition of the portfolio should not be
included in the deﬁnition of the trading outcome because they
do not relate to the risk inherent in the static portfolio that was
assumed in constructing the value-at-risk measure. [. . .] To the
extent that the backtesting program is viewed purely as a statistical test of the integrity of the calculation of the value-at-risk
measure, it is clearly most appropriate to employ a deﬁnition
of daily trading outcome that allows for an ‘‘uncontaminated’’
test.’’
Basel Committee on Banking Supervision, BIS, January 1996

