
Journal of Financial Stability 15 (2014) 195–209

Contents lists available at ScienceDirect

Journal  of  Financial  Stability

journal homepage: www.elsevier.com/locate/jfstabil

Tail  dependence  and  indicators  of  systemic  risk  for  large
US  depositories�

Eliana  Ballaa,1, Ibrahim  Ergena,1,  Marco  Migueisb,∗

a Federal Reserve Bank of Richmond, United States
b Federal Reserve Board, United States

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 13 August 2013
Received in revised form 28 February 2014
Accepted 15 October 2014
Available online 27 October 2014

JEL classification:
G01
G18
G21

Keywords:
Extreme value dependence
Systemic risk
Systemically important financial
institutions

a  b  s  t  r  a  c  t

In  this  study,  we  investigate  the  extreme  loss  tail  dependence  between  stock  returns  of  large  US  depos-
itory  institutions.  We  find  that  stock  returns  exhibit  strong  loss  dependence  even  in their  limiting  joint
extremes.  Motivated  by  this  result,  we  derive  extremal  dependence-based  systemic  risk  indicators.  The
proposed  systemic  risk  indicators  reflect  downturns  in the  US  financial  industry  very  well. We  also  develop
a  set  of  firm-level  average  extremal  dependence  measures.  We  show  that  these  firm-level  measures
could  have  been  used  to identify  the  firms  that were  more  vulnerable  to  the  2007–2008  financial  crisis.
Additionally,  we explore  the  performance  of selected  systemic  risk  indicators  in  predicting  the  crisis  per-
formance  of  large  US  depository  institutions  and  find  that  the  average  stock  return  correlations  are  also
good  predictors  of  crisis  period  returns.  Finally,  we  identify  factors  predictive  of extremal  dependence  for
the US  depository  institutions  in  a panel  regression  setting.  Strength  of extremal  dependence  increases
with  asset  size  and  similarity  of financial  fundamentals.  On  the  other  hand,  strength  of  extremal  depend-
ence  decreases  with  capitalization,  liquidity,  funding  stability  and  asset  quality.  We  believe  the  proposed
indicators  have  the  potential  to  inform  the prudential  supervision  of  systemic  risk.

Published  by Elsevier  B.V.  This  is an  open  access  article  under  the  CC BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Financial crises over the last 20 years spread beyond the bor-
ders, industries or firms they originated in, causing widespread
disruption to the broader economy. The Asian financial crisis of
1997 and the Russian default of 1999 spurred turmoil around the
world, and the collapse of the hedge fund LTCM created similar
concerns for the US economy. More recently, the global financial
meltdown of 2007–2008 has reverberated across many countries
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and economic sectors, resulting in countless regulatory interven-
tions. It has become clear that some institutions play a critical role
in the financial system, due to their size, leverage, and interconnect-
edness with the rest of the financial industry. Therefore, measuring
systemic risk in the financial system and identifying systemically
interconnected financial institutions are critical tasks for policy
makers and regulators.

In recent financial crises, extreme co-movement in asset prices
and financial sector stock values was  pervasive. As a result, corre-
lations among different asset classes and, in particular, correlation
among different banks experienced huge spikes, reaching unprece-
dented levels. Patro et al. (2013) explored the potential of stock
return correlations of financial institutions as systemic risk indica-
tors. They found that these correlations capture the downturns in
the US financial system well. Building upon their analysis, we show
that average stock return correlations can also be used to identify
the firms that are more vulnerable in a financial crisis.

However, the Pearson correlation cannot be used in isolation
to understand the dependence of stock returns. If stock returns
followed a multivariate normal distribution, the Pearson correla-
tion could summarize all information on their dependence. The
literature has documented that stock returns exhibit skewness
and significant excess kurtosis, which implies that they are fat
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tailed,2 and thus not normally distributed. Also, the Pearson corre-
lation only measures linear dependence between assets’ returns
and, therefore, does not account for nonlinearities. Moreover,
the Pearson correlation may  be particularly limited in assessing
dependence during financial crises. It cannot fully capture an
increase in dependence in the joint tails of distributions, because
it measures “average” dependence, with no particular focus on
the extremes of distributions and, therefore, is dominated by the
observations around the mean.3 We  believe that understanding
loss dependence in the joint extremes of the loss distributions is
crucial in understanding systemic risk because the prevalence of
dependence in the extreme tails of loss distributions is indicative
of high contagion potential between financial institutions. Also, it is
essential to measure co-movement of financial institution returns
when institutions experience stress, as it can be very different from
the co-movement during normal times. In particular, co-movement
when institutions experience stress may  become stronger. Thus,
we believe that extremal dependence measures can be very valu-
able tools in systemic risk measurement. Patro et al. (2013) also
acknowledges the importance of investigating tail dependencies
to measure systemic risk, but left it as an area for future research.
In this study, we fill this gap and propose systemic risk measures
derived from multivariate extreme value theory (EVT), which can
capture the tail dependencies between stock returns of large U.S.
depository institutions. We  believe that these measures can be
used as complementary tools in monitoring systemic risk and we
demonstrate their additional value to such analysis.

We construct indicators of systemic risk based on extremal
dependence measures formally developed by Ledford and Tawn
(1996, 1997, 1998). The extremal dependence measure � is defined
as:

� = limq→1Pr(L1 > L1,q|L2 > L2,q)

where L1, L2 stand for two loss variables and L1,q, L2,q stand for their
respective marginal qth quantiles. If � = 0, L1 and L2 are said to be
asymptotically independent. If � > 0, L1 and L2 are said to be asymp-
totically dependent and � measures the strength of the asymptotic
dependence. For example, Sibuya (1960) showed that marginals
of multivariate normal distribution are asymptotically indepen-
dent as long as the correlation coefficient is less than unity.4 Poon
et al. (2004) developed a simple estimation methodology to iden-
tify the existence of asymptotic dependence, as well as to measure
its strength when it exists. We  will rely on this method for our
empirical analysis.

We propose two complementary systemic risk indicators. The
first indicator is the proportion of asymptotically dependent depos-
itory institution pairs to the total number of depository institution
pairs in our sample, thus measuring the prevalence of asymptotic
dependence between large US depository institutions. Chan-Lau
et al. (2004) investigated the strength of financial contagion
in international stock markets by calculating the proportion of
asymptotically dependent country pairs during the Mexican peso
crisis and the Asian crisis. We  borrow this measure from the inter-
national financial contagion literature to measure the systemic
risk in the US banking system. The other measure we  propose

2 See Mandelbrot (1963) and Fama (1965).
3 The Pearson correlation coefficient equally weights all observations in a sample.

Since observations tend to be clustered close to the mean and scarce in the tails,
observations close to the mean tend to dominate the calculation.

4 Sibuya (1960) originally suggested asymptotic dependence and independence
as abstract theoretical concepts. It was Ledford and Tawn (1996, 1997, 1998) who
developed the theoretical characterization of joint tails for multivariate extremes
which enabled estimation of the tail dependence structure through empirical diag-
nostic tests.

is the average strength of asymptotic dependence, average �,
across all pairs of depository institutions. This latter measure can
provide insights regarding the strength of extremal dependence
in the US banking system, beyond the proportion of asymptotically
dependent institutions. Our results show that these indicators track
reasonably well periods of financial market turmoil and periods of
market stability.

Besides accurately monitoring overall systemic risk, another
challenge for regulators attempting to minimize systemic risk is
identifying systemically important financial institutions (SIFIs).
Appropriately measuring the vulnerability and contagion poten-
tial of firms in a systemic crisis would allow regulators to better
target policies to contain systemic risk. In the aftermath of the
2007–2008 financial crisis, US and international policy makers are
enacting new regulations for financial institutions perceived as “too
big to fail”, due to their size, interconnectedness, complexity, lack
of substitutability, or global scope.5

Because systemic risk is a complex phenomenon, it is not sur-
prising that many indicators of systemic importance have been
proposed in the literature. Prominent among these measures are
the CoVaR (Adrian and Brunnermeier, 2011), the Marginal Expected
Shortfall (“MES”, Acharya et al., 2010), Distressed Insurance Pre-
mium (“DIP”, Huang et al., 2009) and the granger causality based
measures of Billio et al. (2012). We  believe that the co-existence
of multiple approaches to measuring systemic importance and
institution-specific vulnerability to crisis could enhance the pru-
dential supervisory toolkit and the regulation of systemic risk. We
add to the literature by developing two complementary firm-level
measures of average tail dependence, based on the stock price co-
movements under conditions of joint stress. Our first measure is the
proportion of other institutions that are asymptotically dependent
with an institution. Our second measure is the average � of an insti-
tution (i.e. the average � of the bank pairs including the institution
of interest). These measures of tail co-movement can help under-
stand the vulnerability and the contagion potential of a financial
institution during a financial crisis.

Then, we formally explore whether our measures of tail co-
movement could have predicted the vulnerability of a financial
institution to the 2007–2008 financial crisis. We  calculated these
measures before the beginning of the crisis and investigated their
predictive power over crisis period stock returns. We  find that these
measures are statistically significant predictors of crisis period
stock returns. In order to demonstrate the value added by the meas-
ures proposed in this study, we also tested the predictive ability of
Patro et al. (2013) correlation measures, Acharya et al. (2010) MES
measure, and the CAPM beta. We  find that our measures predict cri-
sis period returns better than the CAPM beta and the MES. We  also
find that correlation based measures are good predictors of vul-
nerability to a financial crisis. This finding provides more evidence
for the usefulness of the measures proposed by Patro et al. (2013).
Nevertheless, we demonstrate that our measures predict financial
crisis returns better than the correlation based measures when the
crisis period is chosen more narrowly, to coincide with the largest
financial crisis losses. In particular, when crisis performance is mea-
sured with peak-to-trough returns instead of cumulative returns,

5 Both the Financial Stability Oversight Council (FSOC) (a creation of the
Dodd–Frank Act in the United States) and the Basel Committee weighed in on the
criteria for the designation of systemically important institutions in Q4 2011. For
the United States, the Dodd–Frank Act (Section 113) lists statutory considerations
for the designation of systemically important institutions. For additional details on
global designation, see Basel Committee (2011). We include many of the FSOC and
Basel Committee proposed designation criteria in Section 4 when we  look at the
firm-specific financial indicators that can predict systemic interconnectedness for
financial institutions.
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