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Abstract

The article discusses measures of risk of the domino
effect (contagion) transmitted through interbank mar-
ket and presents the results of the implementation of
a measurement procedure in the Polish banking sector.
It shows how a very limited set of available data — in-
terbank exposures and information from balance she-
ets and profit and loss accounts — can help in generating
randomised scenarios of possible losses related to mar-
ket and credit risk that can trigger or amplify the con-
tagion effect.
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W artykule przedstawiono miary ryzyka wystapienia
efektu domina (zarazania) w systemie bankowym, kt6-
rego transmisja odbywa sig przez rynek migdzybanko-
wy. Zaprezentowano wyniki pomiary tego ryzyka w pol-
skim systemie bankowym. Pokazano, jak przy pomocy
bardzo ograniczonego zbioru dostepnych danych — wy-
sokosci lokat miedzybankowych i informacji z bilans6w
i rachunkéw wynikéw bankéw — mozna otrzymywacé w
symulacji losowe straty wynikajace z ryzyka rynkowego
lub kredytowego, ktére mogag wywolywaé lub wzmac-
nia¢ efekt domina w systemie bankowym.
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1. Introduction

The definitions of contagion in the financial system
can be found in Degryse, Nguyen (2004), Elsinger et al.
(2003), Drehmann (2002), Wells (2004). We concentrate
on contagion resulting from interdependencies between
banks through interbank market exposures. The obliga-
tions that thus arise could transmit the consequences
of the insolvency or bankruptcy of a selected group of
banks to other players within the banking sector. An
undertaking with a placement that is not repaid (due
to debtor default) may not perform on its obligations
to other banks. This situation is termed the ”"domino
effect”, or “contagion effect”. In this paper methods of
contagion measurement are developed. For convenience,
two sorts of defaults are defined:

— primary defaults — resulting from market and cre-
dit risk factors external to the interbank market which can
lead to banks’ losses, hereafter called primary losses;

- secondary (contagious) defaults - resulting from
structural dependencies between banks or financial in-
stitutions in general.

In the article, we focus only on measuring the ma-
gnitude of secondary defaults.

The literature on the domino effect in the financial
system is abundant. This article refers to the papers by Ci-
fuentes et al. (2004), Degryse, Nguyen (2004), Elsinger et
al. (2003; 2004), Furfine (2003), Huang, Xu (2001), van Le-
lyveld, Liedorp (2006), Naqvi (2004), Rochet, Tirol (1996),
Wells (2004). Works of Dow (2000), De Bandt, Hartmann
(2000) and Halaj (2005) (in Polish) sum up the achieve-
ments in the field of systemic risk! and contagion.

We combine both Elsinger et al. (2003) and Degryse,
Nguyen (2004) making use of the clearing payment con-
cept but without the complicated estimation of credit
and market risk in the system that was used by Elsinger
et al. (2003) to build an econometric model generating
shocks to the banking system based on macroeconomic
variables (the so-called MacroModel). Thus the loss sce-
narios triggering defaults of banks are arbitrary, like in
Degryse, Nguyen (2004). It is shown, however, how the
loss scenarios can be randomised to reflect very basic
assumptions about banking activity and environment
like "the amount of risk taken by a bank may be learnt
from the minimal capital requirement (or CAR)” and
“correlation in portfolios may enhance the domino effect”.

Regulatory capital requirements of banks serve
as approximation of the credit and market risk related to
the observed asset structure of banks. The focus is on the
problem of aggregate measures of contagion effect.

The main questions addressed in the article are as
follows:

*  Does the incapability to repay interbank lo-
ans at one bank cause problems with paying back lia-
bilities to other banks? Such a transmission of payment

1 Risk affecting the entire financial system and not just specific participants.
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problems throughout the system is hereafter called con-
tagion effect or domino effect.

*  How can balance sheet and profit and loss ac-
count data be used to obtain more accurate estimates
of the system proneness to domino effect? How can the
correlation between assets of banks be embedded into
the model?

*  How to generate reasonable shocks affecting
banks’ capital that may trigger or amplify contagion?
"Reasonable” meaning "reflecting risk taken by the
bank”.

*  How can the contagion effect be measured for
the purposes of monitoring systemic risk?

2. Model

The model dates back to Elsinger et al. (2003) and was
simplified to be applied without the need to estimate
the exact loss distribution of credit and market risk un-
dertaken by banks. The aim of the model is to find po-
ssible payment flows between banks resulting from in-
terbank exposures given banks’ ability to pay back lo-
ans, i.e. given what they receive from other banks where
their net exposure is positive and given their current ca-
pital base and possible non-interbank market losses (or
profits). The flow of payments is measured by a vector
of the so-called clearing payments obtained as a solution
of the system of equations:

N
pi = min{max{Zuﬂp; +(1-v,)e;—eLoss, ,O}ji } (1)
“

fori e {1,..., N},
where

N — number of banks,

p; — total obligations of bank i to other banks on
deposits taken,

p; — flow of funds from bank i to other banks in the
system (a component of the clearing payment vector),

m; — ratio of deposits taken by bank j from bank i
to total obligations of bank j on interbank deposits (see
subsection Bankruptcy),

e; — capital base of bank i,

y; — "bankruptcy threshold”, i.e. the percentage of
capital base of bank i such that, where its loss reduces
equity to y;e;, bank i goes bankrupt. In this way, we were
able to test the size of the domino effect under different
definitions of bankruptcy,

Loss; — losses arising from market and credit risk in-
curred by bank i or funds spent for non-interbank obligations
(e.g. losses that are subtracted from Tier 1 capital or receiv-
ables that became due and have been not paid back),

¢ €1{0, 1} — ¢ = 1 indicates that the analysis takes
into account market and credit risk losses, ¢ = 0 means
that no market and credit losses are considered.
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Interpretation of equation (1). Firstly, we defined
an auxiliary function that has an intuitive interpretation
and its fixed point coincides with p". Let us denote by P a
set[0,p;] X - - - X [0, py] and by p a vector [p,, . . ., pyl%.
Let’s consider a function F: P =P given for the ith com-
ponent of vector F(p) by the relation Fj(p):= min{max
{=Lm,p,+ (1—vj)e; — eLoss;, 0}, p;}. The sum of =z p
represents the flow of payments to bank i from other
banks given each bank j, j = i, pays to other banks pjto
meet interbank obligations and p; is distributed propor-
tionately to the ratio of obligations of bank j towards
bank i to total obligations of bank j on the interbank
market. Terms (1—v;)e; and Loss; helped us to perform
the sensitivity analysis of results depending on the as-
sumptions on the size of shocks affecting banks’ ability
to repay their interbank obligations. The decomposition
(1 —v;)e; + Loss; served as a proxy for banks capability
of meeting interbank liabilities given that there is no
MacroModel? to generate profits/losses of banks as it
was done by Elsinger et al. (2003). Parameter y in the
decomposition of the capital buffer plays an important
role in the definition of bankruptcy. Namely, there is a
problem with the ambiguity of the definition of bank-
ruptcy threshold and in the following subsection we will
comment on parameter y that can adapt the equation (1)
to some possible variations of the interpretation of bank-
ruptcy. In section 3 we proposed methods of generating
loss scenarios (the variable Loss).

2 MacroModel is a model mapping macroeconomic situation to potential pro-
fits and losses of banks.
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Why is p* which satisfies equation (1) a proper equ-
ilibrium measuring interbank payments related to in-
terbank loans? We provide an answer after having ana-
lyzed the consistency of banks’ declarations concerning
the amounts they were able to pay. Let us assume that
banks declare to pay peP of interbank obligations. What
does it mean if Fj(p) > p;? The bank i has to pay back p;
of interbank loans. Fj(p) is equal to the transfer of funds
to bank i from other banks and from the real sector of
the economy. So the bank 7 should declare to pay at least
Fi(p) on interbank obligations instead of only p, being
obliged to pay as much as possible and not more than
pj- On the other hand, if F;(p) < p; the bank i is not ca-
pable of paying back what it declared to pay. Hence,
the only reasonable situation is the declaration that
equates p; and Fj(p) for each bank i. That is exactly
the p* that satisfies equation (1) and we are looking
for such an equilibrium.

Example

Clearing payments method of contagion detection do-
es not even require arbitrary defaults. It indicates whe-
ther there is enough capacity for solvency in the system,
i.e. what happens if all interbank loans become due at
the same time. Figure (1) shows how clearing payments
works.

Bankruptcy

Bankruptcy is usually related to the level of bank’s capi-
tal. Such a conclusion is supported by financial and eco-

Figure |. Contagious default in a system consisting of 3 banks

-

pi¥ =140
p2* =100
pi* =80

Note: Numbers in ovals indicate amounts of banks’ capitals and in rectangles — amounts of interbank liabilities. Clearing payments vector indicates that in the case
when all liabilities in this system are due, one of the banks defaults since it has to repay 160 units and has only 140 units. There is a risk of contagion even in the case

of no trigger event taking place unless the bank supplements its capital.

Source: own calculations.
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nomic theory, which tries to answer the question abo-
ut conditions in which social costs of default are the lo-
west and the shareholder value — the highest. These con-
siderations date back to the famous paper by Leland and
Toft (1996), who relate bankruptcy to debt/asset ratio
threshold. Even though in banking acts there are strict
definitions of situations when a bank defaults, in many
real life cases the threshold may be blurred. It is clear
that the capital of a bank cannot be lower than 0. Yet, in
fact, the main indicator of bankruptcy is the capital ade-
quacy ratio (CAR) falling below 8%. However, banking
supervision may be concerned if the CAR is falling dra-
matically or is only slightly higher than 8%. It may requ-
ire that banks undertake a rehabilitation process and im-
prove their capital base (as it is in the case of Poland?®).
The parameter y; in equation (1) allows us to reflect po-
ssible liquidation value of assets that are different from
e. Shareholders may not be able to liquidate their assets
to receive exactly e; units of cash but (1-v;)e; instead.
On the other hand, a systemically important bank may
be allowed to operate even if its CAR falls accidentally
below 8% and there are reliable guarantees that it will
succeed in the rehabilitation process.

Since the bankruptcy level is not a clear-cut con-
cept, it seems reasonable to test the domino effect under
various definitions of bankruptcy. The parameters y; al-
low the application of the proposed methodology to va-
rious banking systems. We propose 3 definitions of ban-
kruptcy that would be used hereafter:

1. (The ”0%” case) if capital drops below 0 (y; = 0
for all i € {1, ... ,N}) — in this way we obtained the lo-
west bound for the estimation of the domino effect spre-
ading out through interbank channel;

2. (The ”50%"” case) if capital drops below 50% of its
current level ¥ =05 foralli e {1,...,N})-such losses
could evoke actions by banking supervision since they
may very significantly afflict capital adequacy; it was as-
sumed that a bank can pay back its liabilities till its ca-
pital decreases by half. Then losses are fully transmitted
to its interbank creditors, i.e. there is no loss recovery;

3. (The 8% CAR” case) if the capital adequacy ra-
tio falls below the required 8% — the given bank becomes
insolvent in the regulatory sense; similarly as in case 2,
the bank repays loans only if its CAR stays above 8%.
This is equivalent to a case with i such that y;e; = 8%
(risk weighted assets of bank 1).

Variable Loss

This variable was introduced to stress-test banks’ ability
to meet interbank obligations. It affects the capital buf-

fer of banks (i.e. [(1=y{)ey, - . ., (1=yn)en]). We assume

3 The Polish Banking Act states that the Commission for Banking Supervision
may require a rehabilitation process if a bank reports a loss exceeding 50% of its
capital. If the rehabilitation fails within the next 6 months, the Commission may
allow takeover or liquidation.
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that all non-interbank obligations are met and we con-
centrate only on two types of loss generating scenarios
related to the financial situation of banks.* The first one
is a direct application of a simple method proposed by
Halaj (2005) to use minimal capital requirements as a
parameter of loss distribution. The second one tries to
capture the impact of banks’ profitability measured with
the gross net income on banks’ capability of meeting in-
terbank obligations. Later, in section 4, we present ways
of defining the Loss variable to create reasonable stress-
test scenarios.

3. Data

Three sources of data were used in the analysis of do-
mino effect in banking system:

1. Interbank market exposures — the Polish central
bank has a complete set of data on bilateral exposures
of banks on the domestic market, so unlike the Austrian
central bank we did not need to estimate them. The ma-
jority are very short-term loans (maturing within one
month). For each bank we summed up exposures for all
maturities and calculated the netted interbank exposure.
We used netted exposures in our simulation. This choice
is justified by the fact that in the case when a given bank
refuses to meet its obligations to another bank, its cre-
ditor can block all deposits taken from this given bank.
Thus, for each pair of banks we obtained a difference be-
tween deposits taken by a given bank and obligations to
its counterpart.

2. Capital base of banks (capital buffer) - the sum
of equity capital, subordinated debt, current period ear-
nings and earnings pending confirmation.

3. Data for generating loss scenarios:

*  Itmay happen that the lack of a reliable or suf-
ficiently large database of loans impedes the construc-
tion of a well-specified MacroModel for forecasting or
projecting financial results of banks. Even in such a case
it is reasonable to consider some very rough proxies for
market and credit risk on the basis of publicly available
information. Any relaxation of arbitrariness in choosing
the defaulting banks may help to understand the shape
of distribution of contagious losses. We decided to use
regulatory minimum capital requirements (MCR) that
are reported to supervisory authorities. This indicator
shows in a very approximate way how much risk a given
bank has taken. The more risky assets it possesses the hi-
gher is its MCR and the more volatile its financial results
can be. There are at least 3 advantages of such an appro-
ach. Firstly, the MCR is the proxy for differences in the
probability of extreme loss events among banks. The stu-

4 We could also take into account non-interbank assets and liabilities (e.g. loans
to households and enterprises, maturing deposits of households or commercial
deposits, withdrawn term deposits before maturity, etc.) that are becoming due
in the horizon of the analysis. The possible irregularities in the flow of payments
related to those assets could naturally be a source of losses for banks.
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dy of extreme events is important since they are usually
the only trigger of contagion in this type of models.® Se-
condly, the scenarios in the domino effect stress-test can
be parameterised by one parameter. Thirdly, the ana-
lysis becomes very simple.On the other hand, one has
to keep in mind that loss distribution obtained by me-
ans of the MCR is a very preliminary approximation of
bank’s losses. Losses resulting from market and credit
risk are a far more complex function of many economic
factors and endogenous features of a bank. There is al-
so a serious problem of expiry mismatch between in-
terbank loans and assets that bear credit and market risk
unrelated to interbank loans (household loans, investment
loans, commercial papers, treasury bills, listed stocks, off-
balance sheet items, etc.) which we use for the justification
of our loss scenarios. Non-interbank exposures usually ge-
nerate losses in a far longer horizon than interbank loans.

*  The picture of losses in the banking system is
incomplete unless we provide measures that take into
account common/similar reactions of banks to economic
factors (EF) affecting the banking environment and to
the performance of other banks (P), like measures of
reputation or herding behaviour. We expand on this
subject below.

(EF) Factors such as economic growth, inflation, in-
terest rates, indebtedness of the economy may change
banks’ macroeconomic environment in a similar way.
For instance, if economic growth decelerates, then, fir-
stly, banks grant fewer loans and their capacity for gene-
rating profits declines and, secondly, slumping interest
margins decrease rates of return from loan portfolios
in general. On the other hand, after soaring economic
growth eventually cools down, rate of irregular loans in
all banks may increase since banks may equally adopt
less restrictive lending policies during good times.

(P) Banks rely on reputation. If one bank fails to
meet its liabilities it is more likely that clients of other
banks may require higher risk premiums from other
banks. Interbank market spreads may rise in general or,
if the failure was very surprising and severe, it could
trigger mass withdrawal of deposits in the system. This
type of contagion is very hard to model since there is a
scarcity of data for estimation or calibration.

Hence, banks may react in a common way to some
economic parameters. A MacroModel should capture
the correlation but what if no MacroModel is available?
We propose three different solutions based on common-
ly available data: time series of pretax profit, of irregular
loans and of ratio of irregular loans to the total volume
of loans. In order to generate losses we need a class of di-
stributions parameterised by the CAR and a covariance
matrix based on the time series proposed above. We can
then obtain a multivariate distribution with marginal
probabilities from a given parametric class.

5 Contagion through interbank market.
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4. How to generate loss scenarios?

We consider 3 types of scenarios.

1. Firstly, we assumed after Halaj (2005) that the
primary loss of a bank has an exponential distribution
parameterised in such a way that the probability of a
loss exceeding the reported minimum capital require-
ment equals 99%. The minimum capital requirement
serves as a proxy for the distribution of losses and we as-
sumed that the capital covers 99% of losses (as in Basel
II regime). Thus, distribution is controlled by means of
one parameter only. It makes the simulation very simple.
We modified this approach to estimate losses based on
more informative items from financial statements of
banks than just minimum capital requirement, i.e. based
on pretax profits (losses).

2. The primary loss was modelled indirectly. We as-
sumed that pretax profit had a normal distribution” with
a mean in average historical pretax profit E[PretaxProfit]
and variance such that P(PretaxProfiti = — MCR)) =
1—a, MCR; being the minimum capital requirements
for bank i. It means that losses do not exceed MCR; in
(1— @) - 100% of cases. A parameter « is set to 0.01. So,
the mean of Loss; is set to —E[PretaxProfit] and - after
rudimentary calculations — standard deviation of Loss; is set
to o; satisfying @ w where © is a

cumulative standard normal distribution. Results of the

=l-a
,

calculation of loss distribution in the system are pre-
sented in Figures (10) and (8).

3. A correlation in financial results may enhance the
propagation of the domino effect in the system. Replace-
ment of exponential distribution by normal distribution
can simplify the modeling of correlation. Namely, we ta-
ke historical data of pretax profits of banks and construct
a covariance matrix C of pretax profits. Under the as-
sumption that profits are correlated according to the em-
pirical correlation we replace the variance matrix

by the following covariance matrix:

2
Sh [rqsrc,],»’
[r,0,0/] o,
Qi ik n
6 Notation: "P” denotes theoretical probability and “E” — empirical

expectation.
7 A very simplifying assumption since usually losses related to credit risk are
skewed and fatter-tailed.
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where rjj denotes the correlation between pretax profit
of bank 7 and bank j. Comparison of results with and wi-
thout correlation for the Polish banking system was pre-
sented in Figures (10), (11), (8) and (9). The reader must
bear in mind that this is a very simplified approach. Fir-
stly, one should look for correlation directly among as-
set classes of banks and infer correlation in profits cap-
turing the dependence of risks imbedded into assets. Se-
condly, this approach is very backward-looking and does
not take into account possible economic scenarios that
would influence the banking sector in the nearest fu-
ture. Apart from pretax profits, correlation between los-
ses can be inferred from the proxy for credit risk, which
is the most important source of risk in banking. We ad-
ditionally propose to use correlation between irregular
loans of banks and the relation of irregular loans to to-
tal loans.

5. Measures of contagion

We measure contagion on the basis of a series of
clearing payments calculated for different scenarios
drawn from a given primary loss distribution. For
the sake of computing broad characteristics of con-
tagion we propose a couple of measures of loss di-
stribution:

*  the number of contagiously defaulting banks
— a measure of how broadly the contagion spreads
across the system;

*  total loss — the total amount of interbank lo-
ans that are not paid back by contagiously defaulting
banks; they may lead to further defaults or not, but wo-
uld definitely influence the profit/loss accounts of other
banks in the system;

¢ the share of defaulting banks in total assets
— the share of assets of banks that defaulted in total as-
sets of the banking sector; this ratio informs whether it
is small or large banks that are prone to be affected by
the domino effect;

*  the average CAR - the mean capital adequacy
ratio of all banks except primarily defaulted banks; it in-
dicates the extent to which the contagion effect afflicts
the capital adequacy of the banking system;

*  measures of distribution of losses obtained
from simulation, i.e.:

— the value-at-risk of domino effect losses — the
95th or the 99th percentile of total loss or the share of
defaulting banks in total assets or the 1st or the 5th per-
centile of the average CAR;

- the expected shortfall during contagion — the
expected total loss assuming that contagion occurred,
i.e. that the coincidence of interbank structure and los-
ses resulting from credit or market risk led to at least one
secondary default.
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6. Simulations

We generated the scenario of losses from the given pri-
mary loss distribution (1., 2. or 3. from section 4) for
each bank taken into account in the simulation. After-
wards, we calculated clearing payments for the system.
They are numerical approximations of the fixed point of
F. They are obtained by the so-called tatonnement pro-
cess, i.e. a sequence:

p—F(p)—= FoF(p)—..— Fo0..0F(p).

It has good convergence properties, as shown by
Eisenberg and Noe (2001). In most cases, the algorithm
converged to an exact, unique fixed point in 5-10 steps,
s0 20 repetitions in general were sufficient to obtain ac-
curate results. We repeated loss generating scenarios
5,000 times for each distribution, i.e. we performed a
kind of Monte Carlo simulation. In most cases there was
no loss and the tail of the distribution would not be se-
en. That is why we showed conditional distribution of
losses, i.e. we calculated distribution of losses assuming
that a secondary bankruptcy took place. The results ha-
ve been presented in the figures. The areas of bars in a
given figure sum up to 1, so each bar refers to the pro-
bability of the corresponding loss. The higher and the
more dense the bars, the more likely it is that correspon-
ding losses actually occur. General observations have be-
en gathered below.

Netting

Data reveal only a few pairs of banks with bilateral expo-
sures, which is not surprising. However, we checked
how netting assumption changes the contagion results.
We used exponential loss distribution with the MCR as a

Figure 2. Distribution of unpaid liabilities
of banks suffering contagious failure
assuming default, no netting

0.016

0.014

0.012

0.01

0.008

Frequency

0.006

0.004

0.002

0 ||||||||||||||||||||||||||||||||||.||||||||||||||
0 150 300 450 600 750 900 1050 1200
Contagious loss (PLN million)

Note: Primary losses with exponential distribution such that the probability that
the loss exceeds the MCR is equal to 95%, 31 Dec 2005. Default occurred in 349
cases of the total of 5,000 scenarios. The expected shortfall in the system is equ-
al to PLN 111.2 million.

Source: own calculations.
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Figure 3. Distribution of unpaid liabilities
of banks suffering contagious failure as-
suming default, with netting
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Figure 4. Distribution of unpaid liabilities
of banks suffering contagious failure as-
suming default (“50%” case)
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Note: Primary losses with exponential distribution and with the probability that
the loss exceeds the MCR is equal to 95%), 31 Dec 2005. Default occurred in 367
cases of the total of 5,000 scenarios. The expected shortfall in the system is equ-
al to PLN 100.3 million.

Source: own calculations.

bound for its 99 percentile. As Figures (2) and (3) show,
the difference between the domino effect calculated
with and without netting, which is measured by distri-
bution of contagious losses, is negligible and can rather
be an outcome of Monte Carlo approximation.

Bankruptcy level

The results of contagion in the "50%” case look significan-
tly different than in the case when default takes place be-
low 0. This is not surprising but confirms the notion that
analysis should be done for different levels of capital to
avoid over- or underestimation of the contagion risk. In

Figure 5. Distribution of ratio of assets of
banks suffering contagious failure to total
banking sector assets assuming default
(“60%” case)
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Note: Primary losses with exponential distribution and with the probability that
the loss exceeds the MCR is equal to 99%, default occurs if capital drops below
50% of initial capital, 31 Dec 2005. The expected shortfall in the system is equal
to 3.53% of total assets.

Source: own calculations based on NBP data.

Note: Primary losses with exponential distribution and with the probability that
the loss exceeds the MCR is equal to 99%, default occurs if capital drops below 50%
of initial capital, 31 Dec 2005. Default occurred in 3,367 cases of the total of 5,000
scenarios. The expected shortfall in the system is equal to PLN 187.15 million.

Source: own calculations based on NBP data.

the ”50%” case, the expected shortfall measured by the
amount of losses was almost 1.7 time higher than in the
”0%” case. Figures (6) and (7) indicate that the "50%”
and "8% CAR” cases are very different. Contagious los-
ses generated in the case when bankruptcy occurs after
the CAR drops below 8% are much higher than in the
remaining 2 cases.

Correlation

Correlation was calculated on the basis of quarterly da-
ta starting from 1998 Q1. We must make a technical no-

Figure 6. Distribution of unpaid liabili-
ties of banks suffering contagious failure
assuming default (“8%” case)
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Note: Primary losses with exponential distribution and with the probability that
the loss exceeds the MCR is equal to 99%, default occurs if the CAR drops below
8%, 31 Dec 2005. Default occurred in 4,893 cases of the total of 5,000 scenarios.
The expected shortfall in the system is equal to PLN 358.91 million.

Source: own calculations based on NBP data.
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Figure 7. Distribution of ratio of assets of
banks suffering contagious failure to to-
tal banking sector assets assuming default
(“8%” case)
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Figure 8. Distribution of ratio of assets of
banks suffering contagious failure to total
banking sector assets assuming default (no
correlation)
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Note: Primary losses with exponential distribution and with the probability that
the loss exceeds the MCR is equal to 99%, default occurs if the CAR drops be-
low 8%, 31 Dec 2005. The expected shortfall in the system is equal to 6.33% of

total assets.

Source: own calculations based on NBP data.

te here. The correlation was calculated only for tho-
se banks that operated for at least 10 periods (10 qu-
arters). Since some banks started to operate quite re-
cently or were active only at the very beginning of
the analysed period (and then, for example, were ta-
ken over) we excluded very short time series and avo-
ided seeming correlation. It can be seen that by ta-
king correlation into account, the number of default
events decreases but the mean loss increases. What
is more, correlation makes the tail of distribution of
contagious losses thicker (see Figure (9)). This means

Figure 9. Distribution of ratio of assets of
banks suffering contagious failure to to-
tal banking sector assets assuming default
(with correlation)

Note: Primary losses with normal distribution and with the probability that the
loss exceeds the MCR is equal to 95%, 31 Dec 2005. Default occurred in 1,235
cases of the total of 5,000 scenarios. The expected shortfall (expected loss as-
suming default) in the system is equal to PLN 129.9 million. VaR.05 = PLN 245.2

million

Source: own calculations based on NBP data.

that huge losses are more likely — probably the re-
sults of banks that are subject to the domino effect are
negatively correlated with the results of their debtors
and contagion is amplified. However, this can be se-
en only when comparing the expected shortfalls that
differ significantly. The VaR does not indicate any dif-
ference. This illustrates the usual problem with the
VaR, which does not show how large the losses wo-
uld be in extreme cases but just provides the lower
bound for them.

Figure 10. Distribution of ratio of assets of
banks suffering contagious failure to total
banking sector assets assuming default (no
correlation)
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Note: Primary losses with normal distribution and with the probability that the
loss exceeds the MCR being equal to 95%, results of banks are correlated, 31 Dec
2005. Default occurred in 953 cases of the total of 5,000 scenarios. The expec-
ted shortfall in the system is equal to PLN 161.8 million. VaR.05 = PLN 251.3

million.

Source: own calculations based on NBP data.

Note: Primary losses with normal distribution and with the probability that the
loss exceeds the MCR is equal to 99%, 31 Dec 2005. Default occurred in 211 ca-
ses of the total of 5,000 scenarios. The expected shortfall in the system is equal to
PLN 76.6 million. VaR.01 = PLN 100.1 million

Source: own calculations based on NBP data.
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Figure 11. Distribution of ratio of assets
of banks suffering contagious failure to to-
tal banking sector assets assuming default
(with correlation)
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Figure 12. Distribution of ratio of assets
of banks suffering contagious failure to to-
tal banking sector assets assuming default
(correlation through irregular loans)
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Note: Primary losses with normal distribution and with the probability that the
loss exceeds the MCR is equal to 99%, results of banks are correlated, 31 Dec
2005. Default occurred in 171 cases of the total of 5,000 scenarios. The expec-
ted shortfall in the system is equal to PLN 90.4 million. VaR.01 = PLN 102.1
million.

Source: own calculations based on NBP data.

Capital adequacy ratio

As a point of reference for the current capital adequacy
in the system we calculated the average CAR before si-
mulation for those banks whose CARs stayed in between
8% and 50%. We did not include all banks since there
are banks with extremely high CARs (e.g. start-ups) or
banks that terminated their activity but still report their

Figure 13. Distribution of ratio of assets
of banks suffering contagious failure to to-
tal banking sector assets assuming default
(correlation through ratio of irregular to
total loans)
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Note: Primary losses with normal distribution and with the probability that the
loss exceeds the MCR is equal to 99%, results of banks are correlated like ratio
of irregular and total loans for these banks, 31 Dec 2005. Default occurred in 141
cases of the total of 5,000 scenarios. Expected shortfall in the system is equal to
PLN 112.4 million. VaR.01 = PLN 87.1 million.

Source: own calculations based on NBP data.

Note: Primary losses with normal distribution and with the probability that the
loss exceeds the MCR is equal to 99%, results of banks are correlated like ir-
regular loans of these banks, 31 Dec 2005. Default occurred in 140 cases of the to-
tal of 5,000 scenarios. Expected shortfall in the system is equal to PLN 144.5 mil-
lion. VaR.01 = PLN 105.5 million.

Source: own calculations based on NBP data.

financial data to supervisory authorities and have CARs
significantly lower than 8%. These outliers would spo-
il the capital adequacy. The average CAR for eligible banks
amounted to 14.88%, which is quite high. Since we wan-
ted to measure the pure impact of contagion on solvency
in the banking system, we calculated the average CAR after
each scenario of primary losses in a special way. We sub-
tracted contagious losses from the capital of banks that we-

Figure 14. Distribution of the average CAR
assuming default (“0%” case)
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Note: Primary losses with normal distribution and with probability that the loss
exceeds the MCR is equal to 99%, losses of banks are correlated in the same way
as ratios of irregular and total loans in these banks, 31 Dec 2005. VaR.01 = 13.59,
VaR.05 = 13.88, VaR.10 = 13.97

Source: own calculations based on NBP data.
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Figure 15. Distribution of the average CAR
assuming default (“8%” case!)
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Figure 16. Distribution of unpaid liabilities
of banks suffering contagious failure as-
suming default (sensitivity analysis)
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1) It is assumed that a bank pays from its capital till its CAR stays above 8%; if it
surpasses the threshold, it defaults and the recovery rate is set to 0.

Note: Primary losses with normal distribution and with probability that the loss
exceeds the MCR is equal to 99%, results of banks are correlated in the same
way as ratios of irregular and total loans, 31 Dec 2005. VaR.01 = 10.28, VaR.05
= 10.49, VaR.10 = 10.66

Source: own calculations based on NBP data.

re creditors of secondly defaulted banks and we kept the
capital of primarily defaulted banks unchanged. Then we
recalculated the CARs for every bank that was eligible be-
fore simulation. Figures (14) and (15) show significant
differences in the tails of an average CAR for the "0%” and
”8% CAR” cases following the calculation of the domino
effect with correlation inferred from the ratio of irregular
and total loans. In the 8% CAR” case, the capital adequacy
of banks is obviously more affected but even in the worst
cases the system remains solvent.

The analysis is very sensitive to the level of probabi-
lity set for extreme events. Figures (8) and (10) show signi-
ficantly higher possible domino effect losses in cases whe-
re the probability of the primary loss exceeding the MCR is
5%, when compared to the cases with a 1% probability.

Sensitivity analysis of results to parameterisations

One of the most important sensitivity analysis has al-
ready been presented at the beginning of the subsection
“Bankruptcy level”. Not surprisingly, conclusions abo-
ut the scale of contagion effect rely strongly on the as-
sumed level of bankruptcy (i.e. the size of loss absorp-
tion buffer). It is thus advised to perform the simulation
for all proposed definitions of bankruptcy — 50% level,
100% level and the regulatory 8% threshold of CAR, as
well. This lowers the risk of under- and overestimation
of the possible domino effect. Results in the ”50%” and
the "8%” cases are similar (see Figures (4) and (6)). But
the expected shortfall is much higher in the "8%” case
than in the ”50%” situation.

The second test of sensitivity pertains to the size
of losses affecting the ability of banks to pay back in-
terbank liabilities. In the test we assume different pro-

Note: Primary losses with exponential distribution and with the probability that

the loss exceeds the MCR being equal to 99%, default occurs if the CAR drops
below 8%, 31 Dec 2005. Default occurred in 3,101 cases of the total of 5,000 sce-
narios. The expected shortfall in the system is equal to PLN 989.15 million.

Source: own calculations based on NBP data.

babilities that Loss; exceeds the MCR;. We chose a 99%
and a more pessimistic 95% probability. Differences in
the size of contagious losses are much more visible than
in the first type of stress-test. Shifts in loss distribution
affect results more than changes in the definition of the
buffer for losses. However, even losses in the case of the
95% buffer trigger contagion of minor proportions com-
paring to banking assets.

In the third test, we relax the assumption that all
interbank loans are paid back at the same time. The re-
laxation has a very practical significance. In reality a lot

Figure 17. Distribution of ratio of assets of
banks suffering contagious failure to to-
tal banking sector assets assuming default
(sensitivity analysis)
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Note: Primary losses with exponential distribution and with the probability that
the loss exceeds the MCR being equal to 99%, default occurs if capital drops be-
low 8%, 31 Dec 2005. The expected shortfall in the system is equal to 3.9% of
total assets.

Source: own calculations based on NBP data.
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of interbank placements are rolled over to the next pe-
riod so it is not very likely that all liabilities reported in
the current month will have to be paid back at the end
of the following month and no new placements appear.
Such a situation could be interpreted as interbank panic
in a stressful situation. However, in this way we can at
least be far more certain that we did not underestimate
the risk of contagion. We cannot be absolutely sure since
it may happen that if some of interbank placements are
partially paid back then some other banks may be depri-
ved of expected cash to meet their interbank liabilities.
This could trigger contagion. In the sensitivity analysis
we assumed that only part of each interbank placement
is paid back at the end of the month. The exact value
of this part is hard to determine so we randomised it in
the following way. If the reported placement of bank j at
bank i amounts to Lj;, then we assumed that the part be-
coming due — denoted by L’?i - had uniform random di-
stribution on interval [O,ij]. L’?i can be interpreted as the
balance of paid back placement and new interbank loans
at the end of a given month. In this case L’?i has an upper
bound set to the reported L"fl.. Since we have no clue abo-
ut the a priori distributions of L’fi the only reasonable as-
sumption is to set a uniform distribution.

We generated 5000 independent realisations of L’?I.
and obtained 5000 sets of returned parts of placements,
ie. sets A, ={L/(m|GHEN...N’}, n e {1,..., 5000} For
each set of A,, we calculated a new matrix with elements
n;.’l. defined as:

L4, (n)

N

PRAD

Finally, we repeated simulation described in sec-

nf(n):=

tion 6 with fixed z replaced in step n by #(n). Results of
stress-test were presented for bankruptcy if the CAR falls
below the 8% threshold and losses are generated from
exponential distribution, i.e. in the case corresponding
to the case from Figures (6) and (7). Figures (16) and (17)
serve as an illustration of the stress-test. The size of con-
tagious losses increased quite significantly but remained
on a relatively low level. On the other hand, the number
of scenarios with at least one secondary default dropped
and less banks were afflicted by contagion. It may stem
from the fact that the solvency of some banks is more
sensitive to repayment of interbank placements than the
solvency of other banks. However, the stress-test con-
firms the assessment of the domino effect based on a
non-random matrix of interbank exposures.

7. Conclusion

The general conclusion is that the domino effect ana-
lysis can be done with simple loss scenario generators li-
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ke one- or two-parameter distributions if there is no ava-
ilable MacroModel for projecting or predicting results
and losses of banks. Parameters can be calibrated on the
basis of pretax profits, minimal capital requirements and
irregular loans. We showed how to take into account the
possible correlation of banks’ abilities to pay back inter-
bank loans, measured approximately by co-movements
of profits and losses. Correlations may be important
for the severity of contagion effect. The strength of ap-
plication of these categories lies in their availability. Ho-
wever, it is very hard to tell which of the balance sheet
and profit and loss account categories serve as the best
proxies for banks’ ability to pay back interbank debt. It
is reasonable to test the domino effect for different ban-
kruptcy levels, stress-testing the capability of meeting
interbank obligations by means of different possible loss
scenarios. The most natural ways of generating loss sce-
narios, given scarcity of data, were presented in the ar-
ticle. The scale of the domino effect should be assessed
with different measures. This lowers the risk of under-
or overestimation of the contagion effect.

However, results produced by models of this kind,
used for estimation of the magnitude of solvency conta-
gion have to be treated with caution. Firstly, there is evi-
dent maturity mismatch between interbank exposures
and those asset items, like housing loans or securities,
which form the basis for loss scenarios related to mar-
ket and credit risk. This forced us to make a strong as-
sumption of the stable structure of interbank exposures.
If there were rumors that a given bank might face severe
losses the interbank market would probably react very
fast. Secondly, the method can easily lead to under- or
overestimation of contagion risk. Usually events trig-
gering contagion are extreme but there is not enough da-
ta for the estimation of the tails of credit and market loss
distribution. On the other hand, clearing payments may
be a very powerful tool of detecting liquidity contagion
risk, since only very short-term exposures would be mo-
deled and no maturity mismatch would take place.

It is difficult to compare the usefulness of different
ways of generating loss scenarios and of different con-
tagion measures that where presented. Preferably the
domino effect should be tested with the use of as ma-
ny of them as possible. It is up to each analyst which
triggers of loss events he or she wants to emphasise and
what kind of domino effect outcomes he or she wants to
measure. It may be interesting to ask about the size of
the domino effect in absolute terms or in relation to the
banking sector’s assets for intertemporal comparisons.
The central bank and supervisory authority may want
to know whether the domino effect can essentially harm
the capital adequacy of banks or — from another point of
view — how strong the shocks would have to be to pull
banks’ capital adequacy ratios below the required 8% so-
lvency threshold.
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