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a b s t r a c t

In this paper we propose a framework for measuring and stress testing the systemic risk of a group of
major financial institutions. The systemic risk is measured by the price of insurance against financial dis-
tress, which is based on ex ante measures of default probabilities of individual banks and forecasted asset
return correlations. Importantly, using realized correlations estimated from high-frequency equity return
data can significantly improve the accuracy of forecasted correlations. Our stress testing methodology,
using an integrated micro–macro model, takes into account dynamic linkages between the health of
major US banks and macro-financial conditions. Our results suggest that the theoretical insurance pre-
mium that would be charged to protect against losses that equal or exceed 15% of total liabilities of 12
major US financial firms stood at $110 billion in March 2008 and had a projected upper bound of $250
billion in July 2008.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

Banks have been the most important financial intermediaries in
the economy, by providing liquidity transformation and monitor-
ing services. The mal-functioning of the banking system can be ex-
tremely costly to the real economy, as illustrated in a number of
financial crises in both industrial and developing economies in
the past few decades, including the current global credit-liquidity
turmoil. Therefore, financial regulators and central banks have de-
voted much effort to monitoring and regulating the banking indus-
try. Such regulation has been traditionally focused on assuring the
soundness of individual banks. More recently, there has been a
trend towards focusing on the stability of the banking system as
a whole, which is known as the macro-prudential perspective of
banking regulation (see Borio, 2003, 2006). For instance, Goodhart
et al. (2005, 2006), Goodhart (2006) and Lehar (2005) propose
measures of financial fragility that apply at both the individual
and aggregate levels. At the international level, the Financial Sector
Assessment Program (FSAP), a joint IMF and World Bank effort

introduced in May 1999, aims to increase the effectiveness of
efforts to promote the soundness of financial systems in their
member countries.

In order to assess the health of a financial system, two related
questions need to be addressed. First, how to measure the systemic
risk of a financial system, where systemic risk is defined as multi-
ple simultaneous defaults of large financial institutions? Second,
how to assess the vulnerability of the financial system to potential
downside risks?

In answering the first question, traditional measures have fo-
cused on banks’ balance sheet information, such as non-perform-
ing loan ratios, earnings and profitability, liquidity and capital
adequacy ratios. However, given that balance sheet information
is only available on a relatively low-frequency (typically quarterly)
basis and often with a significant lag, there have been growing ef-
forts recently to measure the soundness of a financial system based
on information from financial markets. For example, Chan-Lau and
Gravelle (2005) and Avesani et al. (2006) suggest treating a bank-
ing system as a portfolio and using the nth-to-default probability
to measure the systemic risk by employing liquid equity market
or CDS market data with a modern portfolio credit risk technology.
Similarly, Lehar (2005) proposes to measure systemic risk, defined
as the probability of a given number of simultaneous bank defaults,
from equity return data. The market-based measures have two
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major advantages. First, they can be updated in a more timely fash-
ion. Second, they are usually forward-looking, in that asset price
movements reflect changes in market anticipation on future per-
formance of the underlying entities.

In addressing the second question, stress testing is a popular
risk management tool to evaluate the potential impact of an ex-
treme event on a financial firm or a financial sector.1 The stress
testing exercise typically consists of two major steps. In the first
step, an economic model is used to examine the dynamic linkages
between the asset quality and underlying driving factors (macro-
financial variables or latent factors). In the second step, stress testing
scenarios (either historical or hypothetical ones), which are based on
extreme movements of the driving factors, are fed into the model to
assess the resilience of the financial sector. Avesani et al. (2006) and
Basurto and Padilla (2006), among others, are examples of stress
testing exercises on the financial sector using market-based
information.2

In this paper, we propose a framework for measuring and stress
testing the systemic risk of the banking sector. Our framework fol-
lows the direction of using market information, but with interest-
ing extensions that are designed to overcome a number of
shortcomings in existing studies.3

Echoing some earlier studies, we propose to construct the mea-
sure of systemic risk based on forward-looking price information of
two highly-liquid markets, the credit default swap (CDS) spreads
and the equity prices of individual banks. Both are available on a
daily basis in real time. We are able to derive two key default risk
parameters, the (risk-neutral) probability of default (PD) of indi-
vidual banks and the asset return correlations, from the CDS
spreads and the comovement of equity returns, respectively. This
approach does not rely on the balance sheet or accounting infor-
mation that may be available only on a quarterly or longer time
frequency, with a significant reporting lag.

Similarly in the stress testing exercise, following the recent
studies, we adopt an integrated micro–macro model, which not
only examines the impact of general market developments on
the performance of individual banks, but at the same time incorpo-
rates the feedback effect from the banking system to the rest of the
economy. More importantly the joint vector auto-regression (VAR)
system employs the financial market variables like market return,
market volatility, short rate, and yield spread, which are available
at a daily frequency in real time.

Our main contribution is to propose to use a new indicator to
assess the systemic risk of the banking sector: the price of insur-
ance against large default losses in the banking sector in the com-
ing 12 weeks. The new measure is economically intuitive, in that it
is equivalent to a theoretical premium to a risk-based deposit
insurance scheme that guarantees against most severe losses for
the banking system. The new measure also has the property that
it increases in both PDs and asset return correlations. In other
words, an increase in the indicator, or a higher systemic risk, can
reflect market participants’ perception of higher failure risk as well
as their view that the probability of common failings is higher (see

Das et al., 2007; Duffie et al., forthcoming).4 In addition, the new
indicator reflects the various degrees of importance of different
banks in contributing to the systemic risk, in that banks are treated
heterogeneously based on their relative size.

We also propose a novel approach to estimating the asset return
correlation, a key parameter to determine the risk profile of a port-
folio. The approach employs an advanced technology in the high-
frequency literature, i.e. estimating realized correlation from the
intra-day high-frequency comovements in equity prices.5 This
technique makes it possible to estimate the asset return correlation
in a very short time horizon (e.g. one-week). Relatedly, we argue
that, to calculate the indicator of systemic risk, a forward-looking
rather than a historical measure of the asset return correlation is
the appropriate default risk parameter to be used. Importantly, we
find that realized correlations in the short time horizon provide
strong and additional predicting power in forecasting the movement
in asset return correlations, relative to equity market and term struc-
ture variables.

We apply our approach to 12 major US banks during the sample
period 2001–2008. We produce a weekly time series of systemic
risk indicators, which reflect time-varying market perceptions on
the systemic risk of the banking system in the United States. The
indicator was stable and at low levels at most times but exhibited
substantial increases during market turmoil, e.g. the 2002 credit
market deterioration and more remarkably after the inception of
the subprime crisis in mid-2007.

Furthermore, the peaks of the systemic risk indicator align well
with periods of major adverse developments in the market, such as
March 2008. In particular, the systemic risk indicator, the theoret-
ical insurance premium required to protect against default losses
that equal or exceed 15% of total liabilities, stood at 110 billion
USD in March 2008 and had a projected upper bound of 250 billion
USD in July 2008. Remarkably in terms of back testing, in our
in-sample quarterly horizon forecasting exercise, the realized
systemic risk indicators lie out of the 95% predicted confidence
interval in approximately 3.5% (13 out of 375) of sample weeks,
which is a strong validation of our integrated micro–macro model.

The remainder of the paper is organized as follows. Section 2
outlines the methodology. Section 3 introduces the data and Sec-
tion 4 presents empirical results based on an illustrative banking
system that consists of twelve major commercial and investment
banks in the US financial system. The last section concludes.

2. Methodology

Our framework for assessing and stress testing the systemic risk
of a financial system consists of the following major components.
First, we estimate two major components that determine the risk
profile of a portfolio, the probability of default and the asset return
correlation. Second, we construct an indicator of the systemic risk
of a financial system, the price of insurance against large losses of
the banking sector, based on the forward-looking PDs and correla-
tions in the next period (a quarter). Third, for stress testing purpose
we examine the dynamic linkages between default risk factors and
a number of macro-financial factors. An integrated micro–macro
model framework enables us to investigate the two-way linkages1 See CGFS (2000, 2005) and Drehmann (2008a,b) for definitions of stress testing

exercises and survey of market practices. Stress testing can be implemented to assess
the market risk, as in Alexander and Sheedy (2008), or the credit risk, as in this paper.

2 In a recent related research, Hancock and Passmore (2008) propose a vector auto-
regression in value-at-risk (VAR in VaR) approach, in which systemic and macroeco-
nomic outlook shocks are first fed into a VAR to compute subordinated debt return
movements, and then these debt movements are translated into changes in the bank
market value using a Merton-type option pricing model. Finally, they construct a VaR
measure to compute the amount of capital to protect banks against systemic risks.

3 Our methodology is based on publicly available market information. Our
framework is not related to the supervisory assessments that were conducted over
February–April 2009, which relied on confidential supervisory information to assess
potential future losses.

4 The rather homogeneous sample of twelve large US banks and the turbulent
period 2001–2008, may coincide with similar movements of PDs and correlations.
However, in an on-going research project focusing on a diversified sample of Asian
country banks, we find that the effects of PDs and correlation are quite
distinguishable.

5 Throughout this paper, ‘‘realized correlation” is a terminology that refers to
correlations calculated from high-frequency intra-day data. This is different from
‘‘historical correlation” as calculated from daily data and ‘‘observed correlation” (ex
post observation of correlation).
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