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Australia’s insulated geographical location and its Four Pillars 
policy have long sheltered its prosperous banking sector from 
external # nancial downturns. However, the 2007–2008 credit crisis 
 uncovered its vulnerability to the most severe # nancial events. In 
this chapter, we use extreme value theory to examine the stability 
of the Australian banking system. We estimate the downside risks 
of the largest banks by calculating univariate extreme loss prob-
abilities, which equal the inverse of the value-at-risk stress levels. 
! e contagion risk within the banking sector is assessed by cal-
culating multivariate co-crash probabilities. We # nd that spillover 
risk has increased markedly during the crisis.

21.1 INTRODUCTION
In this chapter, we focus on the Australian banking system because this 
region has a number of interesting characteristics. Geographically, it is 
relatively insulated and the Australian banks have historically had a strong 
domestic focus when compared to other regions. ! e Australian govern-
ment has adopted a so-called Four Pillars policy, which prevents its four 
largest banks from merging with each other or with foreign banks. As the 
Australian economy has seen almost two decades of continuous growth, 
the banks have enjoyed years of uninterrupted strong pro# t growth with 
high, stable credit ratings, and impressive long-term shareholder returns. 
In ordinary times, the relatively insulated and healthy Australian bank-
ing system has worked very well. However, the 2007–2008 credit crisis has 
also a" ected the Australian # nancial system. In this chapter, we analyze 
the extent to which the contagion risk* has reached the Australian banks. 

* Contagion risk refers to the transmission of an idiosyncratic shock, which a" ects an 
individual bank or possibly a set of banks, and its transmission to other banks, see ECB 
Financial Stability Review, December 2004. ! is transmission may take place through the 
interbank market, the payment system, contagious bank runs, or asset markets, see Gropp 
and Moerman (2004).
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Finally, it should be noted that because New Zealand has no domestic 
exchange-listed banks, the four large Australian banks also dominate 
the New Zealand banking industry.* ! erefore, the Australian banking 
industry # ndings in this chapter, generally speaking, also hold for the 
New Zealand banking sector.

21.1.1 Australian Banking System
Historically, the Australian banking industry has been relatively tightly 
regulated. Until the 1980s, Australian banks were divided into either sav-
ings banks or trading banks. ! e # rst category comprised banks that were 
restricted to providing only mortgages in their lending activities, while 
the latter category consisted mostly of merchant banks that provided no 
services to the general public. Prior to the 1980s the so-called non-bank 
# nancial institutions (NBFIs) $ ourished; these included building societ-
ies and credit unions. Prior to 1983, foreign banks played only a minor 
role in Australian banking; however, in that year the Australian # nancial 
industry was deregulated. ! e deregulation loosened some of the rules 
on banks, abolishing the distinction between savings banks and trading 
banks and allowing foreign banks an easier entrance into the Australian 
# nancial markets, including the opening of new branches. Many of the 
smaller NBFIs disappeared, while some of the largest transformed into 
banks. In the two ensuing decades, the # nancial system grew steadily and 
became quite pro# table as compared to its international peers in terms of 
both returns on equity and in absolute amounts. Out of the many # nancial 
institutions, four major banks together have succeeded in dominating the 
Australian banking sector. ! ese are Australia and New Zealand Banking 
Group, Commonwealth Bank of Australia, National Australian Bank, and 
Westpac Banking Corporation.

21.1.2 Four Pillars Policy
! e Australian government has adopted the so-called Four Pillars policy 
that prevents mergers between these four banks. ! is policy, rather than 
formal regulation, has endured four successive prime ministers and seven 
successive treasurerships. In a recent statement† the Australian treasurer 

* As of June 2008, the New Zealand assets of the four pillar banks equal 90% of the total 
assets of the New Zealand banking system, according to the Reserve Bank of New Zealand, 
Financial Stability Report, November 2008.

† See Media Release 02/06/2008 on www.treasurer.gov.au.
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announced that “in the interest of stability and competition” the Rudd 
government will maintain the existing Four Pillars policy for the banking 
sector. Australia is considered to be best served by a stable banking system 
that can continue to draw on the strength and risk management skills of 
four major banks, and it has no wish to reduce this number. Clearly, the 
government favors the arguments based on competition, prudential risk, 
and labor market impact over those based on improving the ability (and size) 
of local Australian banks in order to compete against foreign banks. It has 
been said that none of the members of this well-run banking oligopoly 
step very far outside of the parameters set by the rest. And indeed, over the 
past couple of years, the big banks are not really getting a lot of traction 
in gaining market share from each other; overall, relative market shares 
have not changed to any great degree. Nevertheless, some smaller banks 
are attempting to acquire a bigger slice of the cake; these include Bendigo 
Bank, BankWest, Suncorp-Metway, and Bank of Queensland. ! e four pil-
lar banks still remain signi# cantly larger than their competitors and have 
been quite pro# table while defending their position. Indeed, the number 
# ve bank, St. George Bank, announced a merger in 2008 with the much 
larger number four bank, WestPac Banking Corporation.

21.1.3 The Credit Crisis
! e credit crisis originated in the United States. A strong deterioration 
in especially the residential property market combined with the strong 
growth of the subprime and alt-A mortgages has led to large losses for 
nearly all parties involved: the mortgage lenders, the home owners, the 
dealers in the securitized mortgages, the insurers, and so forth. ! e 
repackaging and further distribution of these risks by means of complex 
transactions has made it virtually impossible to determine either the loca-
tion or the extent of the losses ensuing from the falling house prices, the 
subsequent payment arrears, and mandatory foreclosures. ! e very devel-
opment that has added to the increased strength of the # nancial system to 
withstand a majority of events, through the wider dispersion of risk, has 
possibly now ampli# ed the disruption caused by the credit crisis shock. As 
the market conditions worsened, the losses and negative surprises became 
more frequent and intense. Over the course of 2008, extreme events con-
tinued to occur in the United States, Europe, and other regions as well.

! e Australian # nancial system has coped better with the credit crisis 
turmoil than have many others. ! e Australian banking system is soundly 
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capitalized with an aggregate capital ratio* standing at 10.6% as of June 
2008 and a Tier 1 ratio of 7.3%. It has only limited exposure to subprime-
related assets and as of the third quarter of 2008 it continues to con# rm 
excellent pro# tability with low levels of problem loans. All large Australian 
banks boast high credit ratings and have been able to access both domes-
tic and o" shore capital markets on a habitual basis. Credit standards in 
Australia have historically not been relaxed to the same extent as in 
the United States and the share of nonconforming loans is much lower. 
An additional factor that has kept the Australian banks in a good posi-
tion throughout the current turmoil is that they have usually not relied 
greatly on income from trading activities for pro# tability. For the # ve larg-
est banks, trading income accounted for only 5% of their total income in 
2007. Furthermore, Australian banks have traditionally had only small 
unhedged positions in # nancial markets. Unlike many of their interna-
tional peers, the Australian banks have not been forced to raise new capital 
to o" set write-downs. Nevertheless, the Australian banking sector has not 
been completely insulated from the negative developments abroad.

21.1.4 Funding Costs and Funding Availability
In 2008, the Australian banks’ funding costs increased strongly. 
Simultaneously, funding availability reduced markedly for a number of 
products and markets. ! e rising funding costs and the near disappear-
ance of the o" shore securitization funding sources are direct e" ects of 
the credit crisis and thus clearly a" ect the Australian banking sector. 
Conditions in the residential mortgage backed securities (RMBS) market 
have become increasingly di%  cult since mid-2007. As an illustration of 
the decreased volume, quarterly issuance averaged only $2 billion between 
mid-2007 and mid-2008 as compared to $18 billion over the previous year. 
Apparently, the o" shore demand for Australian RMBSs has fallen dra-
matically. Funding mortgages by issuing RMBSs has become unpro# table 
for most types of loans, which has a noticeable impact on those lenders 
whose business models are centered on securitization. Australian banks 
have shi& ed a larger share of their short-term wholesale funding onshore, 
bene# ting from a strong growth in deposits, particularly those from 
households.

* We refer to RBA’s September 2008 Financial Stability Review, which we use extensively in 
this section.
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21.1.5 U.S.$ Offshore Funding
O" shore markets have become increasingly more important to Australian 
banks over the past decade, with foreign liabilities around mid-2007 
accounting for approximately 27% of the banks’ total liabilities, as com-
pared with 15% in the mid-1990s. ! is o" shore funding dependence is 
one of the key transmission mechanisms through which the international 
credit crisis is contagious to the Australian banking system. Around two-
thirds of o" shore borrowing has been through the issuance of U.S.$ debt 
securities by the four pillar banks. Of these o" shore debt securities, around 
80% had been issued into the U.S. and U.K. markets. ! e funding spreads 
have gone up noticeably. ! is more di%  cult # nancial environment has 
made the banks more cautious in providing new loans.

In line with their international peers, the Australian bank share prices 
have shown increased volatility and a strong fall since their peak in mid-
2007. ! is is discussed in more detail in Section 21.3 below. Consistent 
with the general deterioration in sentiment, credit default swap (CDS) 
premia on Australian banks during 2008 remained elevated relative to 
historical averages; these nevertheless remain lower than those for the 
largest U.S. # nancial institutions.

21.1.6 Australian Regulators
In order to deal with these di%  culties in the markets, the Australian 
authorities have continued to examine crisis management arrangements.* 
During the weekend of October 13, 2008, the government followed inter-
national developments and guaranteed, for unlimited amounts and for 
a 3 year time horizon, all bank deposits as well as wholesale borrowings 
by Australian # nancial institutions. Evidently, in spite of its relatively 
strong position, the regulators felt compelled to act decisively in order 
to ensure the stability of the Australian banking system. In the next sec-
tion, we will discuss the methodology applied to analyze the banking 
sector risks.

21.2 UNIVARIATE EXTREME VALUE THEORY
! e common assumption in # nance is that asset returns are normally dis-
tributed. ! e standard value-at-risk methodology assumes normality of the 
empirical distributions, and various other # nancial statistics are based on 

* See www.rba.gov.au.
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the same assumption. While this serves wonderfully well to address many 
# nance-related questions, it turns out that the tails of the probability dis-
tribution functions are in practice much fatter (see for instance Jansen and 
de Vries (1991) and Poon et al. (2004)). As a result, large loss events occur 
more frequently.

Over the last years, the popularity of extreme value theory (EVT) to 
assess the risk of an extreme event has increased considerably. For example, 
EVT has been used to examine the severity of stock market crashes, the 
pricing of catastrophic loss risk in reinsurance, or the extent of operational 
risk in banks.* EVT is particularly suitable for the analysis of # nancial sta-
bility problems because widespread stability problems are extremely rare 
events. ! is means that the usual data sample sizes are far too small for 
determining the probability, extent, or cause of widespread crisis using 
common econometric techniques. ! e semi-parametric EVT approach is 
methodologically superior, as it exploits the functional regularities that 
probability distributions display far away from the center.

21.2.1 Univariate EVT and the Hill Estimator
EVT is a discipline in statistics that analyzes the behavior of the tails of 
statistical distributions. Naturally, the le&  tails or minima are the relevant 
areas to assess the distributions. Under rather weak assumptions, the tails of 
the probability distribution functions display certain regularities. Because 
the cumulative distribution function ranges from 0 to 1, the tails can only 
behave in certain ways. Given some mild regularity conditions, these are 
the exponential and power functions, if the support is unbounded. Hence, 
using a semi-parametric approach based on these two functional forms is 
the basis of the EVT approach and explains why it is superior to a non-
parametric approach such as worst case analysis. ! e estimation of the tail 
behavior and, therefore, the assessment of the probability of a # nancial cri-
sis, may be conducted even if such crises are either not present in the sample 
of empirical data or occur only very infrequently. ! e above-mentioned 
regularities with regard to the shape of the probability distribution function 
allows one to determine the tail in its entirety on the basis of a few observa-
tions only. Naturally, if fewer observations are available, the reliability of the 
estimation is reduced, as for instance expressed by an increasing width of 
the con# dence intervals.

* Based on the ECB June 2006 Financial Stability Review.
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! e fatness of the tails of a probability distribution function can be 
measured by the tail probability P(X > x) = 1 – F(x), where F(x) is a cumu-
lative distribution function. For large values of x, the le&  tail probability 
may be approximated by the Pareto distribution, if in the limit the follow-
ing condition holds:

 
⎟⎝

⎠⎟φ
= ⎝ >( )lim , with 0

( )t

F tx x
F t  

(21.1) 

For various distributions, including the popular Student-t, this condi-
tion holds, as the tail probability declines according to a power function. 
! e parameter ⎝ represents the thickness of the tail of the distribution 
function and is commonly referred to as the tail index. If ⎝ is high, 
the tail is thin, whereas for low values of ⎝, the tail is fat. Only the 
# rst k < ⎝ moments of the distribution exist; for k % ⎝, the moments are 
unbounded.

! e Hill (1975) estimator is used to estimate ⎝̂1/ . Only the outer parts 
of the distribution are used in order to minimize estimation biases. Let xi 
be the ith order statistic, with xi % xi–1 for i = 2,…, T, representing a sample 
of T observations. ! e Hill estimator is given as

 = +

ω →
= ( ∞⎝ ≥ +≡

1 1

1 1 lnˆ
k

j

j k

x
k x  

(21.2) 

In this formula, k equals the number of higher order statistics in the tail 
of the distributions used to estimate ⎝̂ . Although the concept and the 
calculation of the Hill estimator are straightforward, the choice of k is 
not. ! e optimum depends on the sample size T and the tail thickness 
⎝; the further one moves out into the tails, the better becomes the Pareto 
approximation of those tails. However, this reduces the number of obser-
vations available and increases the uncertainty of the estimate. In prac-
tice, one may also resort to visual inspection of the so-called Hill plots 
to determine the optimal k. In small samples, best practice is to plot the 
estimates as a function of the threshold, ⎝̂( )k  and to select k in the region 
where ⎝̂( )k  tends to be constant*.

* See also Straetmans et al. (2008) or Slijkerman et al. (2005, p. 29).
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In order to derive the probability that the daily stock return of a bank 
is lower than a prespeci# ed level xvar, the inverse quantile estimator from 
De Haan, Jansen, and Koedijk (1994) may be used:

 

⎝

+ω →
= ( ∞≥ +

ˆ1/
1

var

ˆ kxkp
T x  

(21.3) 

21.3 MULTIVARIATE EVT
In this section, we take univariate EVT one step further by conditioning 
bank stock price “crashes” on other banks’ stock price crashes.* We focus 
on extreme co-movements in order to assess the risk of banking system 
instability through aggregate shocks. We estimate multivariate extreme 
spillover risk or bank contagion risk: ! is determines how likely it is that 
a bank’s stock price declines dramatically if there is an extreme negative 
(systematic) shock in the sector.

21.3.1 Co-Crash Probabilities
Let Xit denote the log # rst di" erences of the price changes in bank stock 
i at time t, with i = 1, …, N and t = 1, …, T. As is common practice in the 
literature, we multiply the stock returns by −1 in order to work with upper 
tail loss returns. We choose crisis levels or extreme quantiles† Qi such that 
the tail probabilities are equal across all N banks, thus

          { } { } { }> = = > = = > =… …1 1t it i Nt NP X Q P X Q P X Q p  (21.4) 

Because we impose equal probability levels across the banks, the crisis 
levels Qi will in general have di" erent values, as the marginal probability 
distribution functions P{Xit > Qi} = 1 – F(Qi) are bank-speci# c. On average, 
only once in every 1/p days will such a severe problem arise. We will esti-
mate the conditional co-crash (CCC) probability of one Australian bank 
given that another bank crashes:

* We follow Hartmann et al. (2004).
† Percentiles refer to the probabilities of certain outcomes; here extreme negative returns and 

quantiles refer to their sizes. Once one of the two is # xed, the other follows from the observed 
or estimated distribution.
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(21.5)

The second step follows from Equation 21.4 where we # xed the marginal 
crash probability. In e" ect only the numerator has to be estimated. ! is is 
discussed in the next section.

21.3.2 Estimation
In order to estimate the CCC probabilities, we follow Straetmans et al. 
(2008). ! e CCC from Equation 21.5 may be estimated by a simple count 
measure:

 
⎟ ⎟

=
= ⎟ > >≡ , ,

1

1CCC 2 , or
T

it i T k mt m T k
i

I X x X x
k

{ }
 

(21.6) 

where I stands for the indicator function, xi,T–k and xm,T–k are the kth highest 
order statistics of bank i and bank m, respectively, and k re$ ects the number 
of extremes used in the estimation.* In general, the estimation boils down to 
counting the instances at which one or both stock price return series experi-
ence an extreme return over a given sample period. ! e level of threshold k 
should be chosen such that p̂(k) as a function of k tends to be constant.

21.4 DATA DESCRIPTION
First we determine the largest exchange-listed banks and insurers in 
Australia. We use the list of # nancials in the Datastream S&P/ASX 
200 Financials–x–Property Index, which consists of 25 shares in total 
(Datastream mnemonic “LASG2XP10701”). ! ose companies that cannot 
be classi# ed as either a bank or an insurance company are removed. For 
instance, neither the exchange itself nor investment management com-
panies are included. Although the main focus of this study is on banking 

* See also Coles et al. (1999, p. 346) for a similar approach.
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risks, we include the largest listed insurance companies as well. ! is 
enables us to compare the downside risks between Australian banks and 
insurers, and enables us to analyze the codependence between the two 
sectors. Moreover, the use of derivatives and other # nancial innovations 
has blurred the distinction between the two sectors.

As the starting date, we take 08/10/1996 because for one insurer the prices 
are available only a& er this date. For all series, the end date is 13/10/2008. 
In order to prevent cross-sectional comparability problems due to scale 
di" erences, we use only those series for which the whole period between 
08/10/1996 and 13/10/2008 is available, which amounts to a total of 3.135 
observations per share. For one share, the available price series was shorter 
and we therefore removed it from our sample. A& er this selection a total of 
11 shares remained, consisting of 8 banks and 3 insurance companies. ! ere 
is some overlap of activities, as some of the banks are involved in insurance, 
and one of the insurance companies conducts banking activities as well. 
Because we study the stability of the largest Australian banks, and thus the 
overall systemic banking stability, the distinction between banks and insur-
ers itself is of less importance. For this reason, we see no need to further 
investigate the precise functions of the # nancials. ! ree banking indices for 
Asia, Europe, and the United States are downloaded from Datastream as 
well and comprise the same period as the individual share price series.

21.4.1 Data Summary Statistics
In Table 21.1, we show the summary statistics of the 11 individual # nan-
cials and the 3 indices.* ! e returns are calculated as the natural loga-
rithms of the # rst di" erences of the original Datastream prices series.

Because banks are “long in the economy,” the banks’ average daily 
returns are all positive and within a limited range, varying between 0.034% 
for National Australia Bank and 0.062% for Macquarie Group. ! e minima 
and maxima cover a much wider range from −26.4% to 32.1% and even 
wider for QBE Insurance. ! e standard deviations show only limited diver-
gence, ranging from the lowest volatility at 1.41% for Westpac banking to 
the highest at 2.32% for QBE Insurance Group. Interestingly, the skews have 
a less consistent pattern, because for only 4 out of the 11 series the skew is 
negative. For the other 7 series, the skew equals either zero or is positive. ! e 
kurtosis exceeds 3 for all series, which is evidence of the existence of fat tails 
in the return series.

* In Table 21.1, we abbreviate Australia as AU and New Zealand as NZ.

K10974_Book.indb   407 10/29/2009   8:38:11 PM



408   ◾   The Banking Crisis Handbook

Both the skewness and kurtosis estimates of QBE Insurance Group stand 
out. From a more detailed analysis of its return series, we glean that one 
extremely volatile episode in the time series of QBE Insurance Group is 
responsible for the relatively large standard deviation and kurtosis as well 
as the highly negative skew; between 14/9/2001 and 20/9/2001 the price 
dropped more than 64% and then recovered with 52% on 21/9/2001. ! ese 
volatile share price movements were caused by the terrorist attacks on the 
World Trade Center in New York and investor concerns about QBE’s 
exposure. ! e other share prices did react to the 11/9/2001 attacks, but not 
to the same extent.

TABLE 21.1 Summary Statistics of Share Price Return Series

Average Minimum Maximum
Standard 
Deviation Skewness Kurtosis

Banks
AU and NZ 
Banking Group

0.047% −11.54% 13.68% 1.53% 0.12 7.30

Bendigo and 
Adelaide Bank

0.051% −10.38% 25.52% 1.73% 1.49 21.81

Bank of 
Queensland

0.043% −19.97% 11.98% 1.53% −0.58 13.88

Commonwealth 
Bank of AU

0.061% −7.13% 7.71% 1.29% 0.00 4.38

Macquarie 
Group

0.062% −26.38% 32.11% 2.09% 0.16 33.06

National AU 
Bank

0.034% −14.46% 16.03% 1.52% −0.44 12.59

Saint George 
Bank

0.055% −9.28% 22.49% 1.42% 1.21 24.49

Westpac Banking 0.055% −8.28% 8.59% 1.41% 0.01 3.18

Insurance companies
Axa Asia Paci# c 
Holding

0.041% −10.59% 17.33% 1.97% 0.38 4.29

QBE Insurance 
Group

0.064% −52.59% 41.88% 2.32% −4.31 170.93

Suncorp-Metway 0.048% −14.88% 9.86% 1.49% −0.38 7.94

Bank indexes
Asia Banks −0.007% −7.27% 9.97% 1.39% 0.23 4.54
Europe Banks 0.029% −11.76% 15.71% 1.37% −0.07 11.80
U.S. Banks 0.020% −18.32% 16.86% 1.79% 0.16 13.48
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21.5 EMPIRICAL RESULTS
In this section, we discuss the main empirical # ndings from the EVT analy-
sis. We # rst study the individual return series of the 11 Australian # nancials. 
As we are interested in analyzing the risks—that is, the negative returns—we 
focus on the le&  tails of the distributions. ! e Hill estimator from Equation 
21.2 is calculated in order to determine the fatness of the tails of the return 
distributions. From this, loss probabilities are derived in Section 21.5.1.

As discussed in Section 21.2, we construct Hill plots to determine the opti-
mal number of order statistics k to estimate ⎝̂ for the le&  tails. Figure 21.1a 
through d illustrate the Hill plots for four arbitrarily chosen banks. Evidently, 
a certain minimum number of order statistics is needed before a relatively 
stable Hill estimate is obtained. ! e # gures show a declining trend in all 
four Hill estimates a& er including a certain number of order statistics, which 
re$ ects the bias due to increasing the number of nonextreme observations.

Table 21.2 shows the Hill estimates for the le&  tails of all series and for 
four di" erent levels of the number of order statistics (k). For the remainder 
of this chapter, we use k = 50 for all series as at this level the Hill estimates 
turn out relatively stable.*

For k = 50 the Hill estimates vary between a minimum of 2.41 for the 
Macquarie Group and 4.62 for Westpac Banking. ! is range of estimates 
is in line with the results of Hartmann et al. (2006) and illustrates the 
nonnormality of bank stock returns. Macquarie Group’s returns have the 
fattest le&  tail, even more than QBE Insurance Group (at 2.76), which 
has the highest standard deviation and kurtosis. ! e high Hill estimate 
for Westpac is in line with the low standard deviation and kurtosis shown 
in Table 21.1. Although not reported here in detail, we also calculated 
the Hill estimates for the right tails. ! e estimates vary between 2.60 for 
Macquarie Group and 3.88 for Axa Asia Paci# c Holding. Apparently the 
right tail estimates are not too di" erent from the le&  tail estimates. On 
average, the right tail Hill estimate equals 3.10 versus 3.43 for the le&  tail, 
which suggests that the right tail is slightly fatter.

21.5.1 Loss Probabilities
Next, we estimate the probability that the bank’s daily stock price return is 
lower than a prespeci# ed probability level xvar by using Equation 21.3. For a 
number of di" erent loss levels, the probabilities are reported in Table 21.3. 

* ! is threshold level compares nicely to the k = 50 used by Slijkerman et al. (2005) on a similar 
data sample size, as well as the 2% threshold level used by Poon et al. (2004, p. 593).
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Depending on the context and purpose, risk managers or regulators will 
consider di" erent levels of risk xvar as acceptable. To remain consistent with 
the estimation procedure of the Hill estimator, we set the number of order 
statistics k equal to 50.

TABLE 21.2 Hill Estimators of the Le&  Tails

k = 25 k = 50 k = 75 k = 100

AU and NZ Banking Group 3.58 3.80 3.18 3.03
Bendigo and Adelaide Bank 4.17 3.78 3.34 3.17
Bank of Queensland 3.76 3.64 3.25 2.93
Commonwealth Bank of AU 3.69 2.91 3.03 2.88
Macquarie Group 2.95 2.41 2.25 2.38
National AU Bank 3.58 3.19 2.57 2.63
Saint George Bank 3.38 3.01 3.05 2.88
Westpac Banking 5.29 4.62 4.45 3.82
Axa Asia Paci# c Holding 4.18 4.43 4.20 4.01
QBE Insurance Group 2.08 2.76 2.84 2.94
Suncorp-Metway 2.86 2.81 2.90 2.74
Asia Banks 3.91 4.11 3.65 3.52
Europe Banks 3.49 3.41 2.94 2.73
U.S. Banks 3.16 3.17 3.22 2.98

TABLE 21.3 Loss Probabilities Based on Univariate EVT

! reshold Loss Level −20% −10% −5%

AU and NZ Banking Group 0.00% 0.04% 0.49%
Bendigo and Adelaide Bank 0.00% 0.05% 0.64%
Bank of Queensland 0.00% 0.05% 0.56%
Commonwealth Bank of AU 0.01% 0.04% 0.32%
Macquarie Group 0.05% 0.27% 1.43%
National AU Bank 0.01% 0.05% 0.63%
Saint George Bank 0.01% 0.01% 0.42%
Westpac Banking 0.00% 0.04% 0.24%
Axa Asia Paci# c Holding 0.00% 0.11% 0.90%
QBE Insurance Group 0.02% 0.08% 0.78%
Suncorp-Metway 0.01% 0.04% 0.55%
Asia Banks 0.00% 0.02% 0.30%
European Banks 0.00% 0.10% 0.41%
U.S. Banks 0.01% 0.10% 0.87%
Average 0.01% 0.07% 0.61%
Median 0.01% 0.05% 0.56%
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Table 21.3 shows that Macquarie Group exhibits the highest probability of 
an extreme return, as compared with the other # nancials. ! e likelihood of 
a signi# cant drop in the share price of 5% or more equals less than 1% for 10 
of the 11 # nancials. A larger than 20% drop is seen as very unlikely with less 
than 0.05% probability for all series, except for Macquarie Group, and an 
average probability of 0.01%. For the average series, the estimates translate 
into a loss of more than 5%, 10%, and 20% occurring only once every 0.65, 
5.81, and 43.75 years, respectively, or 1.54, 0.17, and 0.02 times per year.

Next, we compare the univariate EVT estimates in Table 21.3 to loss 
probability estimates that are based on the commonly used assumption 
of normality of the bank stock price returns. Hence, we use the best pos-
sible approximation by a normal distribution of the empirical distribu-
tion to measure the loss probabilities. For all banks, insurers, and bank 
indices shown in Table 21.3, we # nd a 0.00% probability of a greater than 
20% loss. Even at 10% loss levels, the probabilities remain equal to 0.00%. 
Only a& er we further reduce the loss levels to 5% do we obtain nonzero 
probabilities, with an average probability of 0.24%*. Evidently the loss 
probability estimates under the normality assumption are much lower 
than those obtained by means of EVT.

21.5.2 Multivariate Extreme Value Theory Results
We subsequently calculate the CCC probabilities of observing joint melt-
downs in bank stock prices. ! e estimated CCC probabilities are shown 
in Table 21.4.†

Table 21.4 shows that the average CCC probabilities are relatively high 
compared to prior studies on European and U.S. banking systems. For 
example, Slijkerman et al. (2005, p. 19) # nd in their sample of bank stock 
returns that the highest probability of a crash between two individual banks 
equals 37.5%, a # nding that involves two Spanish banks. Hartmann et al. 
(2006) also # nd lower CCC probabilities, albeit for the largest European 
banks. ! e probability, for example, that the largest German bank faces 

* For brevity reasons, we have not included detailed calculations. ! ese are available from the 
author upon request.

† We note that the United States share market is the latest to close on any particular day, thus 
a& er the Australian, Asian, and European share markets. ! e United States share market 
typically leads the other international share markets. Following the approach used by Poon 
et al. (2004, p. 592), we use the previous day’s United States returns whenever the calculation 
involves the United States banking index returns. We # nd higher CCC probabilities using 
the previous day’s United States bank index returns than using the same day’s returns.
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an extreme spillover from the second largest German bank is estimated at 
22.4%, while for Spain this probability is estimated at 11.2%.

One reason for the higher contagion risk could be that the Australian 
banking system is relatively more focused on its domestic market than the 
European ones. ! us Australian banks are exposed to the same macro risk 
drivers and are relatively under diversi# ed. As a result, Australian banks 
may be more dependent on each other and have stronger links through, for 
instance, the interbank market, the syndicated loan market, and the pay-
ment system. ! is intuitive explanation would raise the level of the joint 
crash probabilities as compared to their European peers that have more 
open banking systems and better diversi# cation against macro risks.

21.5.3 Individual Co-Crash Probability Estimates
Table 21.4 shows that the CCC probabilities vary strongly across the 
individual banks. ! e relatively small and locally orientated Queensland 
Bank has the lowest CCC probability average of 24%, whereas National 
Australia Bank has the highest of 40%. It should further be noted that 
Westpac Banking Corporation (Westpac) has relatively low CCC prob-
abilities. Interestingly, Westpac’s highest CCC probability of 40% is found 
to be with Saint George Bank, with which it has recently announced a 
merger. ! e high tail dependence is remarkable. Furthermore, the highest 
joint crash probability of all banks of 52% is found to exist between two of 
the pillars, namely, the National Australia Bank and the Commonwealth 
Bank of Australia. Should one of these two pillars see its demise, there is a 
higher than 50% likelihood that the other will fall as well. In such a dra-
matic scenario, in which two of the four pillars fall, other contagion e" ects 

TABLE 21.4 Multivariate Conditional Joint Meltdown Probabilities

ANZ Bend. Qu.l. CBA Mac. NAB St.G. W.pac Axa QBE

Bend. 36%
Qu.l. 18% 28%
CBA 44% 34% 20%
Mac. 28% 34% 28% 36%
NAB 44% 38% 24% 52% 38%
St.G. 36% 32% 28% 42% 46% 46%
W.pac 38% 28% 20% 28% 22% 36% 40%
Axa 16% 16% 16% 18% 22% 20% 14% 12%
QBE 28% 20% 16% 28% 24% 30% 24% 14% 14%
Sunc. 30% 30% 14% 36% 34% 40% 32% 30% 18% 20%
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are very likely to occur as well. ! e estimated level of this joint crash prob-
ability illustrates that at least two (and probably all) of the four pillars will 
in practice be seen as “too big to fail.” Our analysis thus provides support 
for the idea that the Australian Central Bank or Government will likely 
consider the collapse of any of the four pillars as an unacceptable conta-
gion risk. Some sort of preventative action is likely to be taken before any 
such scenario would unfold. ! e steps taken by the Australian Central 
Bank and Government in the fall of 2008 should also be interpreted in 
this light.

21.5.4  Has the Credit Crisis Raised the 
Co-Crash Probability Estimates?

Another intuitive reason for the elevated CCC probabilities may be that 
our sample includes the credit crisis e" ects, as opposed to the Hartmann 
et al. (2006) and Slijkerman et al. (2005) papers. One could easily argue 
that our relatively high CCC probability estimates at least partially re$ ect 
the credit crisis e" ects. In order to assess the validity of this line of reason-
ing, we reestimate CCC probabilities for a reduced sample period until 
May 1, 2007, excluding the credit crisis e" ects. Table 21.5 shows, per bank, 
the average CCC probability with all other banks, for both the full sample 
period and for the reduced sample period. ! e # rst row in Table 21.5 thus 
shows that the average probability of ANZ crashing, given that one of the 
other banks crashes, is estimated at 25% prior to the crisis and at 34% 
including the crisis data.

! e results support our conjecture that the average CCC probability esti-
mates have increased markedly during the credit crisis period, from an aver-
age of 25% to an average of 34%. A second observation from Table 21.4 is that 

TABLE 21.5 Average Co-Crash Probability Estimates
Excluding Crisis Including Crisis

AU and NZ Banking Group 25% 34%
Bendigo and Adelaide Bank 21% 34%
Bank of Queensland 17% 24%
Commonwealth Bank of AU 31% 38%
Macquarie Group 24% 35%
National AU Bank 29% 40%
Saint George Bank 29% 38%
Westpac Banking 24% 30%
Average 25% 34%

K10974_Book.indb   414 10/29/2009   8:38:13 PM



The Stability of the Australian Banking Sector   ◾   415

the average joint crash probability for insurers equals 18%, thus lower than 
the 34% estimate found for banks. ! is # nding contrasts with Slijkerman 
et al. (2005) who # nd similar joint crash probabilities and thus similar sys-
temic risks for a sample of European insurers as compared to a sample of 
European banks. Interestingly, if we exclude the credit crisis period a& er 
May 1, 2007 from our sample and reestimate the CCC probabilities for the 
insurers, we # nd that the average decreases only slightly from 18% to 16%. 
! is small di" erence suggests that the credit crisis did not strongly a" ect 
the market-perceived stability of the Australian  insurers, which is in stark 
contrast to our # ndings for the Australian banking sector.

21.5.5  Tail Dependence of Australian Banks 
on the International Banking Sector

Finally, we calculate the CCC probabilities between the individual 
Australian banks and each of the three foreign banking indices. ! is 
enables us to assess the dependence of the Australian banking sector on 
foreign stress events. Table 21.6 shows that the contagion risk from the 
Asian and U.S. banks to the Australian banks is higher than that originat-
ing from the European banks.

In order to study the e" ects of the credit crisis on the international 
tail dependence, we reestimate the CCC probabilities with the shortened 
sample period ending May 1, 2007, thus excluding the credit crisis as in 
Section 21.5.4. ! ese estimated averages are given in the bottom row of 
Table 21.6. One sees that during the credit crisis the tail dependence of 
the Australian banks on the European and especially the U.S. banks has 

TABLE 21.6 International Tail Dependence
Probability Asia Europe United States

AU and NZ Banking Group 22% 16% 22%
Bendigo and Adelaide Bank 28% 8% 18%
Bank of Queensland 12% 18% 16%
Commonwealth Bank of AU 24% 12% 16%
Macquarie Group 32% 18% 26%
National AU Bank 20% 12% 26%
Saint George Bank 18% 8% 20%
Westpac Banking 14% 14% 18%
Average incl. crisis 21% 13% 20%
Average excl. crisis 20% 9% 13%
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increased in comparison to the period before the crisis. ! is is most likely 
because, in the case of the U.S. banks, they were the source of the crisis.

21.6 CONCLUSION
We apply EVT to analyze the stability of the Australian banking sector. 
We # nd that the Australian banks’ share price return distribution func-
tions exhibit fat tails. ! e risks thus exceed those indicated by the com-
mon assumption of normally distributed returns. We further # nd that the 
relatively high co-crash probabilities between the four pillar banks sup-
port the conjecture that these are too big to fail. Moreover, the co-crash 
probabilities between most Australian banks have increased during the 
2007–2008 credit crisis. ! e tail dependence of the Australian banking 
sector on the American, Asian, and—to a lesser extent—European bank-
ing sectors was also boosted during the recent credit crisis.
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