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This article summarises the CNB’s updated banking sector stress-testing methodology and presents the results of a
verification of that methodology. The verification, conducted at the end of 2009, is based on a comparison of the actual
values of key banking sector variables — in particular the capital adequacy ratio — with predictions generated by the stress-
testing models. The objective of the verification is to examine to what extent the assumptions of the CNB's stress tests
and the settings of the sub-models used are in line with reality. The results show that the current stress tests err on the
right — i.e. pessimistic — side and slightly overestimate the risks. This leads on average to capital adequacy ratio estimates
that are lower (more conservative) than the actual values. The article also identifies some areas of further development
of the banking sector stress tests, for instance the use of verification as a standard part of the stress-testing framework

in order to refine the stress tests.
1. INTRODUCTION

Stress tests are used by central banks, regulators and
commercial financial institutions as a means of testing the
resilience of institutions or the entire sector to adverse
changes in the economic environment. The global
financial crisis uncovered the deficiencies of the stress-
testing methodologies used in many countries. Before the
crisis, many tests were wrongly indicating that the sector
would remain stable even in the event of sizeable shocks
(Haldane, 2009). These deficiencies related not only to the
configuration of the adverse scenarios used, which had
initially seemed implausibly strong but were often exceeded
in reality, but also to the shock combination assumed, which
had not been adequately anticipated in the scenarios (Cihak
et al., 2009; Breuer et al., 2009). A role was also played
by deficiencies in model calibration and in the assumed
behaviour of banks and markets, and by the absence of
testing of liquidity risk alongside traditional financial risks
(in particular credit risk and interest rate risk).

Consequently, the assumptions and parameters used in
stress tests are gradually being re-examined so that the
tests can better analyse the impacts of strong shocks to the
financial system. In defence of stress testing, however, it
should be mentioned that this is a relatively new tool' and
hence it still requires ongoing methodological development
and refinement?.

The CNB has been performing bank stress tests since 2003
and has significantly expanded its methodology over the past

few years. The most recent major update was in mid-2009
(see section 2). On this occasion, a verification of the overall
stress-testing methodology was conducted in the context of
the aforementioned international debate on the reliability
of the predictions of the impacts of shocks to the banking
sector. The aims were to demonstrate whether the stress test
assumptions were correctly configured and to identify any
deficiencies in those assumptions. The verification results
were used to further develop the stress tests.

This article discusses the process and results of the
aforementioned verification conducted on the updated
stress-testing methodology in late 2009 and presents
further challenges for the development of the stress-testing
framework. The analysis reveals that the current stress-
testing system generally errs on the right — i.e. pessimistic
— side and slightly overestimates the risks. This leads on
average to estimates of key financial soundness indicators
(in particular capital adequacy) that are lower (more
conservative) than the actual values. Some of the minor
deficiencies detected in the verification have already been
rectified in the current version of the stress tests used in this
Financial Stability Report.

The article is structured as follows. Section 2 briefly describes
the CNB’s current stress-testing methodology. Section 3
summarises the verification methodology and presents
summary conclusions of the verification for capital adequacy
(including its two main constituents, i.e. regulatory capital
and risk-weighted assets, RWA) and some other key banking
sector variables used in the stress tests. This section also

1 Tools based on various types of financial soundness indicators have traditionally been used to assess the resilience of financial institutions (Gersl and

Hefmanek, 2007).

2 The formal obligation of commercial banks to conduct stress tests on their own portfolios was only introduced by Basel Il (for banks using advanced methods

for calculating capital requirements), which was implemented in the EU in 2006-2007.
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contains a summary of the main improvements introduced
following the verification (and other processes described
above) and a brief description of the next steps planned
for the development of the banking sector stress tests. The
conclusion summarises the verification results and proposes
a medium-term plan for further developing the tests.

2. CURRENT BANKING SECTOR STRESS-TESTING
METHODOLOGY

The original banking sector stress-testing methodology
applied at the CNB was based on the IMF methodology
used for FSAP missions (Cihak, 2005; Cihdk and Hefméanek,
2005). The CNB later switched from testing historical ad-
hoc scenarios defined by a combination of shocks (e.g.
a 20% rise in non-performing loans, a 15% exchange rate
depreciation) to using consistent macroeconomic scenarios
generated by the CNB's prediction model and related credit
risk and credit growth sub-models (Cihak, Hefmanek and
Hlavacek, 2007; Jakubik and Schmieder, 2008; Jakubik and
Hefmanek, 2008). This framework was used for the previous
Financial Stability Report 2008/2009 (CNB, 2009).

In the second half of 2009, the CNB significantly updated
the banking sector stress-testing methodology in three
respects. First, the tests were “dynamised”, in the sense of
switching to quarterly modelling of shocks and their impacts
on banks’ portfolios. This change was described in a box in
Financial Stability Report 2008/2009 (CNB, 2009, pp. 63-64).
Second, in the credit risk area there was a changeover to
“Basel Il terminology”, i.e. to capturing the credit risk of
several separate portfolios using the standard parameters
PD, LGD and EAD and relating risk-weighted assets to those
parameters using procedures specified in the IRB approach to
calculating capital requirements.? The final major innovation
was the extension of the shock impact horizon from one to
two years (or eight subsequent quarters).

Alternative macroeconomic scenarios

Alternative macroeconomic scenarios still serve as the starting
point for stress testing in the updated methodological
framework. The scenarios are designed using the CNB's
official prediction model supplemented with an estimate of
the evolution of some additional variables which are not

directly generated by the model. “Stress scenarios” are
constructed based on the identification of risks to the Czech
economy in the near future. To compare the stress outcome
with the most probable outcome, the stress tests use a
baseline scenario, i.e. the current official macroeconomic
prediction of the CNB.

The predictions for GDP growth, inflation and other
macroeconomic variables enter credit risk and credit growth
models. They were developed to capture changes in banks’
credit portfolios and credit risk. The stress tests work
explicitly with the four main loan portfolio segments by
debtor and/or credit type (non-financial corporations, loans
to households for house purchase, consumer credit and
other loans), to which the sub-models are also adjusted. The
credit risk models are used to predict PD for the individual
loan segments, whereas the credit growth models are used
to estimate the growth in bank portfolios in relation to the
macroeconomic situation and (after certain adjustments) to
estimate the evolution of risk-weighted assets.

In the stress tests, the prediction for macroeconomic and
financial variables for individual quarters is reflected directly
in the prediction for the main balance-sheet and flow
indicators of banks. The tests are dynamic, i.e. for each
item of assets, liabilities, income and expenditure there is an
initial (the last actually known) stock, to which the impact
of the shock in one quarter is added/deducted, and this
final stock is then used as the initial stock for the following
quarter. This logic is repeated in all eight quarters for which
the prediction is being prepared.

Credit risk

Credit risk testing is the most important area of stress
testing. This testing is based on the use of PD for each of
the four main segments of the loan portfolio. The second
credit risk parameter is LGD, which is currently determined
by expert judgement, with different amounts being set for
different scenarios and different credit segments in line
with the regulatory rules, commercial bank practices, the
approaches applied by some rating agencies (Moody’s,
2009) and existing estimates based on market data (Seidler
and Jakubik, 2009). The third parameter is EAD, which is
determined as the volume of the non-default part of the
portfolio (i.e. excluding non-performing loans).

3 PD - probability of default; LGD - loss given default; EAD — exposure at default; IRB — internal ratings based.
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Anincrease in PD and LGD has two main effects on individual
banks.

First, the expected loan losses (in CZK millions), against
which banks will create new provisions of an equal amount
and record them on the expenses side of the profit and
loss statement as impairment losses, are calculated as the
product of PD, LGD and EAD for each credit segment and
quarter.* Total assets are then symmetrically reduced by the
amount of these expenses.

The product of PD and the volume of the non-default
portfolio forms the volume of new non-performing loans
(NPLs) for each quarter. This allows us to generate the
volume of total NPLs in the following eight quarters for each
bank, and subsequently for the banking sector as a whole,
according to the following equation:
4

=NPL + ). PD

1+1i
i=1

(1) NPL

t+1

NP —aNPL,

where NPL are non-performing loans, PD is the probability of
default, NP is the non-default portfolio in the four segments
defined above and a is an NPL outflow parameter (i.e. write-
offs or sales of existing NPLs, i.e. the default part of the
portfolio). Parameter a is set by expert judgement at 15%
for all segments, i.e. 15% of NPLs are written off/sold each
quarter and subsequently disappear from the total volume
of NPLs and (gross) assets of the bank. This calibration was
chosen on the basis of discussions with commercial banks
and estimates conducted as part of the verification, which
are described in more detail at the end of the next section.

The credit growth model leads to an estimate of the gross
volume of loans in individual segments. Using relation (1) for
NPL modelling, this allows us to determine for each bank,
and subsequently for the banking sector as a whole, the
NPL/total loans ratio, a standard indicator of the banking
sector’s health.

Second, in the case of banks applying the Basel II IRB
approach to the calculation of capital requirements for

credit risk, the capital requirements (or risk-weighted assets,
RWA?®) for credit risk are a function of PD, LGD and EAD.
Given that the largest banks in the Czech Republic apply
this approach, this relation is applied to all banks for the
sake of simplicity. Given a constant non-default portfolio
volume, i.e. EAD, an increase in PD and LGD thus generally
results in an increase in RWA and therefore a decrease in
capital adequacy.®

Interest rate and currency risk

The macroeconomic scenarios contain a prediction of the
evolution of the simplified koruna and euro yield curves
(rates with 3M, 1Y and 5Y maturities). A change in interest
rates has a direct effect on bank balance sheets in two
main items, namely interest profit and the value of bond
holdings.” A rise in short-term rates thus reduces the
interest rate profit of those banks which have an excess
of short-term liabilities over short-term assets. However,
the calculation is adjusted by expert judgement to take
account of the business policies of commercial banks,
which respond relatively little to market interest rate
changes on the deposit side.

The prediction for long-term interest rates is used to estimate
profits/losses from the revaluation of bond holdings (except
for bonds held to maturity and bonds with a variable coupon
dependent on interest rates). The calculation is based on
the estimated duration of the bond portfolios, which is
calculated by expert judgement on the basis of a more
detailed knowledge of the maturity structure. Account is
also taken of bond portfolio hedging using IRS (interest rate
swaps), which for some banks lessens the impact of interest
rate changes.

The quarter-on-quarter change in the CZK/EUR exchange
rate is applied to the net open foreign currency position
(including off-balance-sheet items), generating either a loss
or a profit depending on the sign of the net open position
and the direction of the exchange rate change.®

4 According the relevant CNB decree and IFRS, banks are not required immediately to create provisions exactly equal to expected losses, but rather they must
create provisions equal to realised losses, i.e. for new NPLs. However, if the loans are gradually reclassified during the quarter into the NPL (i.e. default) category

to the extent predicted by PD, banks will ultimately create these provisions in the originally estimated amount.

5 Risk-weighted assets = capital requirements (in CZK millions) x 12.5.

6 This channel of the impact of increased PD and/or LGD on banks is one of the main sources of the much-criticised procyclicality of Basel Il (see the thematic
article Procyclicality of the Financial System and Simulation of the Feedback Effect in this Report).

7 At the same time, however, interest rate changes have an indirect effect on credit risk via their effect on the PD estimate.

8 For example, a positive open foreign currency position and appreciation of the koruna leads to losses.
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Interbank contagion risk

Interbank contagion risk is modelled in two selected periods
(in the fourth and eighth quarters). The test uses data on
interbank exposures, with the capital adequacy of individual
banks being used to determine their probability of default
(PD).° As interbank exposures are mostly unsecured, LGD is
assumed to be 100%. The expected losses due to interbank
exposures are calculated for each bank according to the
formula PDxLGDxEAD, where EAD is the net interbank
exposure. If these losses are relatively high and will lead to a
reduction in the bank’s capital adequacy and thus an increase
in its PD, there follows another iteration of the transmission
of the negative effects to other banks through an increase
in the expected losses. These iterations are performed until
this “domino effect” of interbank contagion stops, i.e. until
the rise in PD induced in one bank or group of banks does
not lead to a rise in the PD of other banks.

Profit, regulatory capital and capital adequacy

ZThe stress test assumes that banks will continue to
generate revenues even in the stress period, particularly
net interest income (interest profit) and net fee income.
For these purposes, an analytical item of the profit and
loss account called “adjusted operating profit” has been
constructed. This consists of interest profit (+), fee profit
(+), administrative expenses (-) and some other (non-
shock) items.'® The volume of adjusted operating profit was
determined by expert judgment for the individual scenarios.
The model estimate from this Financial Stability Report is
used (see Box 7 in section 4.2).

Regulatory capital is modelled in accordance with the
applicable CNB regulations. Each bank enters the first
predicted quarter with initial capital equal to that recorded
in the last known quarter. If a bank generates a profit in
the first predicted quarter (i.e. its adjusted operating profit
is higher than its losses due to the shocks), its regulatory

capital remains at the same level (is not increased). If,
however, it generates a loss, its regulatory capital is reduced
by the amount of that loss. The impacts of the shocks are
thus reflected in a reduction of capital only if they exceed
adjusted operating profit and the bank generates a loss.

It is assumed that those banks which generate a profit for
the entire financial year will decide on profit distribution and
dividend payments in the second quarter of the following
year. Here we assume that each bank, when increasing
its capital from retained earnings of the previous financial
year, will try to get to its initial capital adequacy ratio if its
previous year's profits are sufficient."" Depending on the
change in RWA, several scenarios are thus possible:

(@) the bank distributes the entire profit and does not
strengthen its regulatory capital (in the event of
unchanged RWA);

(b) the bank uses part of its profit to strengthen its
capital and distributes the remainder (in the event
of an increase in RWA; however, the entire retained
earnings of the previous year will not be needed to
reach the initial level of capital);

(©) the bank uses the entire profit to strengthen its
capital (in the event of a relatively sizeable increase
in RWA); depending on the size of the increase in
RWA, however, it may not reach the original capital
adequacy ratio;

(d) the bank pays dividends that exceed the profit
generated (in the event of a decrease in RWA) and
thereby also distributes part of retained earnings of
previous years.

Total capital adequacy is then calculated for the individual
quarters as the ratio of regulatory capital to total RWA. The
portion of RWA relating to credit risk is modelled on the
basis of the credit risk parameters (see above), while the
other components of RWA (or of the capital requirements
for other risks) for the individual quarters are determined by
expert judgement.

9 The PD values in relation to capital adequacy ratios (CAR) are set by expert judgement as follows: PD = 100% for negative CAR; PD = 25% for CAR between
0% and 5%; PD = 15% for CAR between 5% and 8%; PD = 5% for CAR between 8% and 10%; PD = 0.5% for CAR greater than 10%.
10 In previous Financial Stability Reports this adjusted operating profit was called “net income”. Adjusted operating profit is broadly equivalent to the item “pre-

provision profit”, i.e. operating profit gross of losses on non-performing loans, but differs in that it does not include the impacts of other (interest rate and

exchange rate) shocks, whereas pre-provision profit does.

11 This assumption may not be very realistic at certain times, as banks may decide to pay higher dividends and reduce their capital adequacy ratio below the

initial level.
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3. VERIFICATION OF THE STRESS TESTS

The objective of the verification is to examine to what extent
the assumptions and sub-models used are in line with reality.
A problematic aspect of the verification is that the tests use
stress — i.e. unlikely — scenarios, which may not occur in
reality. Hence, we cannot subsequently compare predictions
based on adverse scenarios with reality. For this reason, only
the scenario that represents the most likely evolution of the
economic environment, i.e. the no-stress baseline scenario
of the CNB forecast, could be used for the verification.

The verification was conducted on quarterly data in the
period 2004 Q4-2009 Q2, i.e. for 19 periods in all. The
actual values of key variables for the banking sector as a
whole are compared with the predictions generated by the
currentstress-testing methodology for the individual quarters
using the relevant baseline scenario of the forecast. As the
updated stress-testing methodology allows us to create a
prediction for the next eight quarters, it was necessary to
choose a prediction horizon. The results presented in this
article are based on a one-year prediction.' The predictions
for past quarters were therefore created subsequently using
the updated stress-testing methodology in order to verify
that methodology and do not match the values published in
past Financial Stability Reports.

Two statistics based on the mean prediction errors were
used to verify the selected variables: the mean absolute
error (MAE) defined by equation (2):

1 n
@ 32 IP-4)

and the mean error in direction (MED) defined as:
1 & P-4,

; =T ‘At‘ '

3)

where P denotes the value of the prediction of the estimated
variable for the given quarter, A, denotes the actual value
and t represents the quarter for which the prediction is
being made.™

MAE serves for simple presentation of the mean prediction
error in the units in which the given variable is expressed,
while MED expresses whether the given variable was
overestimated or underestimated on average.

The prediction using the baseline (i.e. likely) scenario
should indicate slightly higher risks than those that
occur in reality. This is because the whole system should
have a “conservative” buffer to offset the uncertainty
associated with estimating losses given adverse economic
developments, when relations (for example between
GDP growth and risk parameters such as PD) can change
suddenly for the worse. This requirement implies that stress
test prediction errors should be evaluated differently from
the errors of standard macroeconomic predictions, where
deviations in either direction are regarded as “equally bad”.
In verifications using baseline scenarios, it is appropriate to
apply an asymmetric view in the stress tests and tolerate
prediction errors towards modest overestimation of the
risks. The MED statistic is used for this evaluation.

The prediction error of the capital adequacy ratio and other
key banking sector variables can be split into two main
factors. The first is the potential prediction error caused by
inaccuracy in the estimates of the macroeconomic variables
entering the stress-testing mechanism (interest rates and the
exchange rate), and the second concerns the assumptions
and sub-models used in the stress test itself (e.g. the
assumptions about how the bank raises its regulatory
capital, what interest and non-interest yields it achieves and
how sensitive it is to interest rate risk). The macroeconomic
prediction error can be eliminated in the verification by using
the actual (ex post) values of macroeconomic variables. The
residual error is then due to inaccuracies in the assumptions
and sub-models of the stress-testing framework.

The most important output variable of the tests is the estimate
of the capital adequacy ratio (CAR). The mean absolute error
(MAE) for CAR equates to roughly 1.6 p.p. of the capital
adequacy ratio (see Table 1). This means, for example, that
the test predicts CAR of 11.4% instead of 13%.

12 The first attempt to verify the stress tests using the baseline forecast scenario was made back in 2007 (Hlavéacek et al., 2007), when the capital adequacy ratio
and NPL growth predictions generated by the 2006 stress-testing methodology were compared with their real counterparts.

13 This means, for example, that the actual outcome in 2007 Q4 was compared with the prediction for that quarter made one year earlier, i.e. on bank portfolios
as of 2006 Q4 using the January 2007 baseline scenario. Internally, however, the verification was performed for all prediction horizons and the results are

qualitatively similar.

14 As part of the verification we also computed other prediction error statistics, e.g. the mean percentage error, the mean weighted percentage error, the mean
quadratic error and the mean percentage quadratic error. The verification results using these statistics, however, did not differ significantly from the results using

MAE and MED, which are easier to interpret.
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TaBLE 1

DEVIATION OF CAPITAL ADEQUACY RATIO ESTIMATE

Estimate for 1-year horizon

Mean absolute error (MIAE) 2004-2009 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009
Prediction — stress test 1.6 1.0 0.8 1.6 2.1 1.9
Prediction — known macro 1.5 0.9 0.6 1.1 2.0 2.5

Mean error in direction (MED) in %

Prediction — stress test -10.8 -1.7 -6.5 -13.1 -17.2 -15.3
Prediction — known macro -8.8 1.9 -1.3 -71 -16.3 -20.0

This prediction error equates to roughly 1.8 standard
deviations. In the individual shorter periods this error
gradually shrinks to 0.8 p.p. (i.e. 1 standard deviation) but
then grows again slightly from 2007 onwards. Only a small
part of the error is due to errors in the macroeconomic
forecast, as the MAE statistic decreases only modestly with
knowledge of actual macroeconomic developments.

The negative MED statistic of -10.8% shows that the real
values were higher on average in the period as a whole
and the stress tests thus tended to generate overvalued
CAR estimates (see Table 1). This fact is also demonstrated
by Chart 1, which reveals that a lower-than-actual CAR is
predicted from the end of 2006 onwards. The resulting CAR
was thus underestimated for most periods, in line with the
conservative design of the tests. This conclusion remains
valid even when the predictions are adjusted for the error in
the prediction of macroeconomic variables.

CHArT 1

VERIFICATION OF CAR ESTIMATE
(CAR'in %; estimate for 1-year horizon)
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The estimate of a lower-than-actual CAR is due to inaccuracy
in the estimate of both RWA and regulatory capital. With few
exceptions the stress test overestimated RWA (see Chart 2)
and simultaneously tended to underestimate regulatory
capital (see Chart 3). The decomposition of the error in the
CAR estimate into the part caused by inaccurate prediction
of RWA and the part caused by inaccurate prediction of
regulatory capital shows that the contributions of the two
items to the error are balanced on average.

Regulatory capital is regularly increased out of after-tax
profits, so the estimate of profits is an important parameter
for the evolution of capital. Profits are calculated as the
difference between adjusted operating profit and losses
due to the individual shocks tested (see section 2).
The verification of this variable revealed that the stress test
systematically underestimates after-tax profit. This is due
to two factors. First, the test systematically underestimates
adjusted operating profit directly through the assumption
about its level (for the baseline it was assumed that
adjusted operating profit will be 90% of the average for
the previous two years). This is also in line with the more
conservative approach to risk assessment. The second cause
is that the stress test tends to overestimate the impact of
the main risk tested, i.e. credit risk, in the form of higher-
than-actual PD and related higher provisioning for NPLs
(recorded in the “losses from impairment” category).

The NPL ratio is a closely monitored financial stability
indicator. We therefore present detailed verification results
for this variable as well. A comparison of the actual NPL
ratios with their predicted values reveals overshooting of
the estimates, especially since the end of 2007, for both
non-financial corporations (see Chart 4) and households
(see Chart 5).
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CHART 2 CHART 3
VERIFICATION OF RWA ESTIMATE VERIFICATION OF REGULATORY CAPITAL ESTIMATE
(RWA in CZK billions; estimate for 1-year horizon) (in CZK billions; estimate for 1-year horizon)
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CHarT 4 CHART 5
VERIFICATION OF NPL RATIO - CORPORATIONS VERIFICATION OF NPL RATIO - HOUSEHOLDS
(in %; estimate for 1-year horizon) (in %; estimate for 1-year horizon)
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Table 2 shows that MAE was around 1.3 p.p. for non- The overestimation of the NPL ratio is due both to the
financial corporations and 0.7 p.p. for households. While aforementioned conservative calibration of the PD risk
the NPL estimates for corporations improve significantly with parameter and, to some extent, to underestimation of
knowledge of the macroeconomic environment, the opposite outflow parameter a from equation (1). To determined the
is true for households in some periods. In overall comparison, optimum value of a, numerical minimisation of the MAE
however, the household NPL estimate is more accurate. error statistic was performed in various time intervals of
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TaBLE 2

DEVIATION OF NPL RATIO ESTIMATE FOR CORPORATIONS AND HOUSEHOLDS

Estimate for 1-year horizon

NPL ratio - corporations

Mean absolute error (MAE) 2004-2009 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009
Prediction - stress test 1.3 1.1 1.4 1.9 1.4 0.6
Prediction — known macro 0.8 0.1 0.2 0.6 0.8 1.5

Mean error in direction (MED) in %

Prediction - stress test 27.8 18.3 26.2 45,5 38.5 12.1
Prediction — known macro 12.3 -0.1 -3.2 6.1 20.6 31.0

NPL ratio — households

Mean absolute error (MAE) 2004-2009 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009
Prediction — stress test 0.7 1.1 0.8 0.5 0.4 0.8
Predikce — known macro 0.9 1.1 0.7 0.4 0.7 1.3

Mean error in direction (MED) in %

Prediction — stress test 21.6 30.7 25.6 12.1 13.9 26.7
Prediction — known macro 27.7 30.5 21.0 14.2 24.1 43.5

2004-2009. The optimum outflow a for the entire period
under review was 20% on average. Owing to the deliberate
overestimation of the potential risks this parameter was set
at 15% in the tests.”

Despite the relatively positive message of the verification
results, further gradual refinement of the predictions is
desirable. The main problem in the credit risk area is with
the sub-models used, as they excessively overestimate
the impact of credit risk in the form of losses on impaired
loans. The planned modifications in the credit risk area
should also contain potential linkage of LGD to the
macroeconomic situation. The final deficiency in this
area is the calculation of risk-weighted assets (or capital
requirements), which should better capture the potential
evolution of EAD in individual scenarios and the effect of
client risk distribution in the portfolio on the change in the
total capital requirements for credit risk.

Creating a suitable bank income model linking adjusted
operating profit to developments in the macroeconomic
environment remains the main challenge in the profit
area. Box 7 in section 4.2 of the main part of this Report
presents the first, relatively simple attempt to create
such a model. However, refinements are also needed
in modelling the impacts of other shocks, in particular
interest rate and exchange rate shocks. Market risk
testing could be extended to include some bank-relevant
market variables.

The further development of the stress tests should be based
on regular verification. This should become an integral
part of the banking sector stress-testing framework to
enable ongoing assessment of whether the assumptions
are realistic and a conservative buffer is being maintained
in the risk predictions.'®

15 The sensitivity of the NPL ratio estimate to change in a reveals that an increase in a of 5 p.p. (i.e. from the 15% used to the optimum value of 20%) —i.e. a faster
outflow of NPLs from banks’ balance sheets — causes on average a decline in the NPL ratio of one-tenth (e.g. from 10% to 9%).
16 Regular verification —i.e. retrospective assessment of prediction performance —is also routinely performed as part of the creation of predictions for monetary policy

purposes — see CNB (2008).
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The updated testing framework also allows us to compare
the assumptions and calculated impacts with the results of
tests conducted by commercial banks themselves. This can
be used as another source of information for refining the
CNB’s tests, especially in the context of the parallel joint
stress-testing project with selected banks in the Czech
Republic (see box 8 in section 4 of the main part of this
Report). The pilot stage of this project took place in summer
2009 on data as of 30 June 2009 and provided significant
value added in terms of improving the CNB's stress-testing
methodology in two main areas. First, a comparison of PDs
revealed that the internal PD calculations are significantly
overestimated, especially for non-financial corporations,
and need to be revised to bring them more into line with
the figures reported by individual banks. Second, the joint
stress tests yielded information on average LGDs in the
largest banks, which were subsequently incorporated into
the CNB's tests.

4. CONCLUSION

This article set out to present the CNB's updated banking
sector stress-testing methodology and to present the results
of a verification of that methodology. Such verification is a
tool that should be used regularly as a guide for refining the
assumptions and models used. The results of the verification,
conducted at the end of 2009, reveal that the current stress
tests err on the right — i.e. pessimistic — side and slightly
overestimate the risks. This leads on average to capital
adequacy estimates that are lower (more conservative) than
the actual values. This is consistent with the design of the stress
tests, which should be built on conservative assumptions.
However, account should be taken of the fact that the level
of conservatism, i.e. the degree of overestimation of the
risks, in the methodology can only be fully assessed after the
effects of the current recession disappear.

The verification results also indicate areas where further
refinement of the stress tests is desirable. The main such
areas are credit risk (more accurate estimates of PD and LGD),
modelling of bank income in relation to the macroeconomic
scenario, better estimation of risk-weighted assets, and
certain enhancements in calculating the impacts of market
risks. These areas are current under development and some
have already been implemented in the stress tests used in
section 4 of this Financial Stability Report.

There remain three medium-term challenges for the
development of the current banking sector stress-testing
framework which were not discussed in detail in the article.
The first challenge is to incorporate the feedback effect of
a weakened banking sector on the economy in the form
of a radical decline in the supply of loans — known as
deleveraging — and the related impact on the economy."’
The second challenge is to integrate the existing advanced
test of bank balance-sheet liquidity, ideally in parallel with
the interbank contagion test. And the third challenge —
stemming from the dynamic nature of the 8-quarter-horizon
tests — is how to treat banks that fall below the 8% capital
adequacy threshold in the course of that horizon. In the
present version of the tests, such banks stay in the sector
and stay in business, which may not be entirely realistic.
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