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Abstract

This note summarizes the various outputs from the CNB research project Stress Testing for
Banking Supervision. Previous research notes in this project presented the key stress testing
concepts and discussed the design of stress tests in general terms. Since then, the project has
generated outputs that were presented, for example, in the CNB’s first Financial Stability
Report. The note describes the current status of the project by presenting the latest stress test
results and by comparing the methodology of these tests with those presented by other central
banks. Finally, the note suggests further steps to improve the stress testing program at the CNB,
such as strengthening credit risk modeling, including by engaging commercial banks in the
exercise. The note is accompanied by an appendix presenting one of the project’s outputs,
namely a survey of stress testing practices in commercial banks.

JEL Codes: G21, G28, E44.
Keywords:  Banking system, stress tests.
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Introduction and Summary of Conclusions

This note is the final report from the CNB’s research project Stress Testing for Banking
Supervision. The objective of the project was to review methods of system-focused stress testing
and discuss issues relating to the design of such stress tests for the domestic banking sector. The
note follows up on previous reports issued in this project, namely Cihak (2004a) and Cihak
(2004b). The note addresses the two questions in the heading, i.e. what is the current status of the
stress testing work program at the CNB, and what steps should be taken to develop the program
further.

The note consists of four sections and an appendix. The first section summarizes the various
outputs under this grant. The second section presents the most recent output, namely the results of
the latest stress tests for the Czech banking sector. The third section tries to “benchmark” this
output by comparing the stress tests as presented in the CNB’s Financial Stability Report (FSR)
with those contained in similar reports by other central banks. This is used as a background for the
last, fourth section, which discusses steps to improve the stress tests at the CNB. The note is
accompanied by an appendix which contains the results of a survey of stress tests in Czech
commercial banks.

The note shows that the project delivered what was envisaged, namely a review of the relevant
literature and a discussion of stress test design in the Czech conditions. It also led to the CNB’s
first-ever stress tests, which—as the note shows—were similar in terms of methodology to such
exercises presented by other central banks. The results of the tests show a system that is generally
resilient, but also one that has declining pre-shock and after-shock capital adequacy and that faces
several potential challenges. Going forward, the note suggests (i) improving the links between the
exercise and macroeconomic analysis; (ii) strengthening credit risk modeling, including by (ii1)
engaging commercial banks in the stress testing exercise; (iv) including additional types of
shocks; (v) strengthening some other analytical tools that are complementary to stress testing; (vi)
in the medium to long term, broadening the scope of the exercise to include non-bank financial
institutions. The note provides a detailed list of recommendations with suggested timeframes for
implementation.

1. Outputs from the Project

The Stress Testing project resulted in a number of outputs (Table 1), which fall into two
categories, reflecting the two broad purposes of the project. First, the project was designed to have
a learning aspect for the CNB, as this area of analysis has not been developed so far. Therefore,
some of the outputs from the project are focused on surveying the existing literature and
extracting the key lessons. Second, the intention from the outset was to employ some of the
research output directly in operational work in the financial sector. In particular, it was expected
that this research project would lead to the design and implementation of basic stress tests for the
Czech banking system. Some outputs from the project were therefore geared towards this goal.

In the first year (2003), the project focused on reviewing the key theoretical concepts and the
work done in this area by international financial institutions, central banks, and others. The key
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outcome was a pair of CNB research and policy notes that discussed the key stress testing
concepts and provided some general suggestions for stress testing design in the Czech case. The
notes, finalized at the beginning of the second year of the project, were included in some recent
reviews of the stress testing literature (e.g., Jones et al., 2004)."

In the second year (2004 and early 2005), the project focused more on practical implementation of
stress tests in the Czech context. Key outcomes of the project in this period included an input on
stress testing to the CNB’s first Financial Stability Report, a write-up of the stress testing
methodology, and the setting-up of some more detailed exercises, such as interbank contagion and
sector-by-sector credit risk stress tests. A survey of stress testing practices in commercial banks,
carried out in 2003, was finalized in 2004 (Appendix I).

Table 1: Summary of Outputs Produced in the Research Project

Output Comment Available

Stress tests in the Presented the stress testing methodology | As part of the Financial Stability

CNB’s Financial and results in mid-2003 to mid-2004. Report (CNB, 2004), on the CNB’s

Stability Report Prepared by M. Cihak and J. Hefmanek. external website.

Cihak (2004a) A Research and Policy Note reviewing On the CNB’s external website, and
the key stress testing concepts. also through several research

databases on the internet.

Cihak (2004b) A Research and Policy Note discussing On the CNB’s external website, and
the design of stress tests for the Czech also through several research
banking system. Presented the results of | databases on the internet.
stress tests replicating the FSAP stress
tests. Also included a discussion of steps
going forward.

Cihak (2005) An article reviewing the key stress From the author upon request. Broadly
testing concepts. Accepted for based on Cihak (2004a), which is
publication in Finance a uver/Czech available on the CNB’s website.
Journal of Economics and Finance.

Cihak and Hefmének | An article presenting stress tests as From the authors upon request. The

(2005) statistical tools, and showing results up to | stress testing results presented in the
end-2004. Accepted for publication in article are the same as presented here.
Statistika (in Czech).

Hefmanek and A survey of stress testing techniques in Summarized in Appendix I of this

Komarkova (2004) Czech commercial banks. note.

ST 12-04.xIs A stress testing file and accompanying Available for users in the CNB on a
user guide (in Czech). need-to-know basis.

2. Latest Results

This section provides the latest results of the stress tests for the Czech banking system. In
particular, it shows the results up to end-2004. The CNB’s Financial Stability Report (FSR)
contained the results up to mid-2004 (CNB, 2004). In addition, the section presents interbank and
sectoral stress tests that were not presented in the FSR.

' The notes were also included in some publicly accessible databases, such as ideas.org, defaultrisk.com, and
gloriamundi.org, and had several hundred downloads as of March 2005.
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When interpreting all stress tests, it is necessary to take into account their various theoretical and
practical limits. First, system-wide stress tests are designed to assess the stability of the system as
a whole and not that of individual institutions. Stress tests do not cover risks that are specific to
individual institutions, such as asset quality, operational or legal risks, or fraud. Second, even at
the aggregate level, stress tests provide only approximate results, because, like any model, they
are only an imitation of reality. The tests look at banks as largely passive objects, and do not take
into account banks’ and supervisors’ responses to external shocks. Some sources of risk (e.g., risk
resulting from changes in prices of stocks held by banks) were not explicitly evaluated in the
scenarios, since preliminary analysis suggests that these factors play a relatively limited role in the
Czech banking system. Modeling of other sources of risk, such as the risk of liquidity runs on
banks, was deferred until more detailed data are available on previous liquidity runs (see Section
4).

2.1 Basic tests

Stress tests were run for end-2004 data, using the same scenarios as introduced in CNB (2004)
(Figure 1 and Table 2). The results of these tests were compared with the results of tests
performed using the same methodology for end-December 2003 and end-June 2004 (Table 3).
Capital adequacy declined during this period (by 1.9 percentage points between end-2003 and
end-2004).> The results of the stress tests suggest that banks’ overall exposure to the basic risks
also declined, but the decline was smaller than the decline in the capital adequacy ratio. As a
result, the overall decline in the after-shock capital adequacy ratio between end-2003 and end-
2004 (by 1.5 percentage points in Scenario I and by 1.3 percentage points in Scenario II) was
lower than for the pre-shock CAR. The after-shock CAR remains above 8 percent, the regulatory
minimum for individual banks.

For some banks, the after-shock CAR could decline below 8 percent, but reaching this minimum
again would require a relatively small capital injection by their owners, altogether less than 0.1
percent of GDP (Scenario I) and 0.5 percent of GDP (Scenario II).

The relative importance of the individual risk factors did not change substantially between end-
2003 and end-2004. Within the overall decline in risks, exposure to interest risk relatively
increased, while exposure to credit risk relatively declined.

Some differences can be observed in the risk developments in the individual bank groups. Large
and medium-sized banks saw a decline in their after-shock CAR between mid-2004 and end-2004,
while small banks experienced an increase in the same period.

Table 3 also includes an illustrative impact of the stress tests on dividends. In the example of
Table 3, we show the impacts of the assumed shocks on dividends, assuming that dividends would
otherwise (i.e., in the absence of any shocks) be the same in each bank as they were in the last

% The results for previous periods, presented in Cihék (2004b) and CNB (2004), are only broadly comparable due
to differences in methodology.

3 The immediate reason for the decline in the pre-shock CAR was the fact that several banks used profits from
previous periods to pay dividends. One of the reviewers, Michal Hlavacek, suggested modeling the impact of
shocks in dividend policy on the capital adequacy of banks. This would require modeling the behavior of the
banks’ owners, which is quite complex, but not impossible, and could be an interesting topic for future work.
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year.* The impact on dividends is quite substantial: a 54 percent decline for Scenario I and 95
percent decline for Scenario II.

Figure 2 illustrates the sensitivity of the after-shock CAR in Scenario II with respect to the size of
the interest rate shock. For example, if the interest rate increased by 3 percentage points instead of
the 2 percentage points assumed in Scenario II, the after-shock CAR would be about 9 percent
instead of 10.4 percent in Scenario II. (Table 2).

2.2 Additional tests

In addition to the simple stress tests, more complex tests were calculated for other types of risks.
These include a stress test for interbank contagion, which tries to assess the risk of a failure of one
bank impacting on other banks through their exposures in the interbank market, and sector-by-
sector credit stress tests.

A matrix of uncollateralized interbank exposures was composed, as proposed in Cihak (2004b).
The results of tests based on this matrix suggest that the risk of interbank contagion is relatively
low. In particular, two forms of the test were carried out. First, a “pure” contagion test was
conducted, which assumes a failure in an individual bank and asks what its impact on other banks
would be. The test found that a failure of a large net borrower in the interbank market could lead
to a failure in another, smaller bank. However, this failure would not lead to any further, second-
round failures through interbank exposures, i.e., the risk of a “domino” effect is limited.
Moreover, the assumed failure of the large bank is unlikely. This was confirmed by the “macro”
stress test, which tests for contagion in a system exposed to a set of shocks in the macroeconomic
stress test scenario. In particular, Scenarios I and II, described in Table 2, did not lead to bank-to-
bank contagion effects caused by interbank exposures.’

Credit stress tests were also carried on a sector-by-sector basis to find out which sectors represent
the exposures with the biggest potential impact on the banking sector. For illustrative purposes,
we present here basic tests that asked for each sector what would happen to the banks’ capital
adequacy if either 50 percent or all performing loans in the sector were to become nonperforming
as a result of a severe sector-specific shock. Admittedly, these are drastic shocks, but not
completely outside the historical experience on a bank-by-bank basis: there are twelve banks with
an NPL ratio of 90-100 percent for one or more sectors, and, conversely, for nine of the fifteen
sectors there is at least one bank with an NPL to total loan ratio in the 90—100 percent range.’® It
was assumed that the additional NPLs would require an average provisioning rate of 50 percent.’

* If a bank had dividends last year, this calculation assumes that the dividends are used to absorb the shock (i.e.
the impact of the shock is deducted from the dividends). If the shock is bigger than can be absorbed by the
dividends, the dividends are completely wiped out and the rest of the impact is absorbed by capital. If the bank
had no dividends, the whole shock is absorbed by capital.

> The most recent stress tests are for end-2004, but the latest interbank contagion test is for mid-2004.

% The number underscores the high variability on a bank-by-bank basis. On aggregate, the sectoral NPL ratios
also vary (Table 4). Based on the past, high NPLs would seem more likely in sectors such as hospitality (with an
NPL ratio of about 18 percent) than in sectors such as insurance (with an NPL ratio close to zero).

7 This parameter can be easily changed in the stress testing file. The 50 percent figure was chosen for
convenience, as well as because it is not far from the actual provisioning rate for existing NPLs, which stands at
about 58 percent.
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The sectoral stress tests (Table 4), performed on end-2004 data, suggest that banks’ exposures are
quite dispersed across sectors, and, as a result, even such relatively drastic shocks as assumed here
could mostly be absorbed by the system. For all the sectors of economic activity, the capital
adequacy of the system stays above 10 percent. The only exception is the wide “other activities”
category, which includes household lending (accounting for roughly 31 percentage points of the
category’s 38 percent share) and a range of various services activities. In the sectoral breakdown
by residency/legal status, loans to nonresidents amount to only a very small exposure: even if all
loans to such borrowers became nonperforming, the banking system would remain well
capitalized. The same applies to loans to domestic public companies and resident foreign-
controlled companies. The biggest exposures are to domestic private companies and households.
However, the large number of individual exposures in these sectors, and the low NPL ratios so
far, especially in the case of households, make it very unlikely that all loans in these sectors would
become nonperforming.

It may be realistic to assume sectoral scenarios that are less “concentrated,” i.e. cover several
sectors in Table 4. Therefore, the additional calculations also included stress tests that impact on a
range of sectors at the same time, even though not as drastically as assumed above. For example, a
scenario was calculated in which a substantial sudden appreciation of the CZK undercuts a
number of sectors simultaneously, in particular the export-oriented sectors. However, the impact
of this scenario on banks’ capital adequacy is small for reasons already obvious from Table 4:
even if all loans to manufacturing—one of the most export-oriented sectors—became non-
performing, the banking system’s CAR would still be above 10 percent.

Figure 1: Summary of Stress Testing Results, 2003-2004 (Capital adequacy, in percent)

15

O Pre-shock
14 After Scenario I
B After Scenario II
13
12
11
10
9
8

December 2003 June 2004 December 2004

Source: Authors’ calculations, based on CNB data.
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Figure 2: Sensitivity of Scenario 11 Results to the Interest Rate Shock, end-2004
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Source: Authors’ calculations, based on CNB data.



Table 2: Methodology of the Stress Tests

Risk Sizes of Shocks Motivation of the Selected Shock Sizes Notes on Methodology
Factor Scenario | Scenario
1 11
Interest | Interest Interest The FSAP missions generally applied interest rate shocks from 0.5 to 3 It is assumed that the reference rates
rate rate rate percentage points. The 2 percentage point shock was recommended by the increase, which leads to an increase in
shock increase increase Basel Committee for Banking Supervision. The same shock size is also interest rates on loans and deposits. Also,
of 1 pct of 2 pct contained in the U.S. Federal Reserve supervisory guidelines. The FSAP the value of bonds in banks’ portfolios
point points mission for the Czech Republic applied an interest rate shock of 1.5 decreases.
percentage points.
Exchan- | Exchange | Exchange | Basel Committee documents use exchange rate movements of 8 percent; for It is assumed that the CZK depreciates
ge rate rate rate options, the committee suggests considering swings of at least 25 percent. against all other currencies. We measure
shock deprec- deprec- The Derivatives Policy Group (1995) recommended using exchange rate both the direct impact of this change on
iates by iates by shocks of at least 6 percent among the main world currencies and 20 percent | banks through the currency structure of
15 percent | 20 percent | for all other currencies. Exchange rate shocks used by FSAP missions were their assets, liabilities, and off-balance
generally in the range of 10 to 50 percent. The Czech Republic FSAP sheet positions, and the indirect impact
included a depreciation of the effective exchange rate by 16.5 percent, which | through changes in the ability of
corresponded to 3 standard deviations (about 1 percent confidence level borrowers to repay FX credits. This
assuming log-normal distribution). Maximum 3-month changes in the past indirect effect is presented as a part of the
were about 20 percent (depreciation) and 10 percent (appreciation). impact of the credit shock.
Credit An An Most FSAP missions assumed an increase in NPLs of 5-30 percent; the To capture the fact that credit risk can be
shock increase in | increase in | Czech Republic FSAP assumed an increase in the NPL to total loan ratio of proportional to total credit rather than to
NPLs of the NPL 7.8 percentage points (the same as in 1997-1999), which in 2001 implied an NPLs (which is likely given the changing
30 percent | to total increase in the volume of NPLs of 63 percent. The assumed increased here is | structure of credit), Scenario II expresses
loan ratio | at or above the interval used by the FSAP missions. This has two reasons. the increase in NPLs in terms of their
of 3 pct. First, in this increase we try to reflect the indirect impact of the increase in ratio to total loans. An increase in this
points. interest rates and exchange rate depreciation on credit quality. Second, we try | ratio of 3 percentage points implies an

to capture the potential risk arising from the rapidly growing loans to
households. These loans so far have a very low delinquency rate (thanks to
which overall NPLs declined to 5 percent of total loans from 22 percent in
1999, and are around the historical minimum), but with the rapid growth rate,
even a small deterioration in credit quality can lead to a rapid percentage
increase in NPLs, given their presently low level.

increase in NPLs of 60 percent (for mid-
2004 data).

Notes: For Basel Committee documents, see www.bis.org. For other details on scenario design, see Cihak, M. (2004b).




Stress Testing the Czech Banking System 9

Table 3: Summary of Stress Testing Results, 2003-2004 (In percent, unless stated otherwise)

December 2003 June 2004  December 2004

CAR pre-test * 14.5 13.6 12.6
o/w large banks 13.5 12.3 11.2
o/w medium banks 16.9 17.9 16.8
o/w small banks 19.5 16.1 18.9
Scenario I

Total impact of shocks (percentage points) -2.9 -2.7 -2.3
Interest rate shock -1.5 -1.5 -1.6
Exchange rate shock 0.7 0.9 1.0
Credit shock -2.1 -2.0 -1.7
... o/w indirect effect of exchange rate shock -1.3 -1.2 -1.1
Use of profits (percentage points) 2 2.0 1.9 1.7
CAR after-test 13.5 12.8 12.0
o/w large banks 13.3 12.3 11.2
o/w medium banks 14.6 15.8 15.2
o/w small banks 16.5 13.9 17.0
Capital injection (percent of GDP) : 0.05 0.06 0.04
Impact on dividends N -63.0 -65.6 -53.9
Scenario 11

Total impact of shocks (percentage points) -5.4 5.3 -5.0
Interest rate shock -3.0 -3.1 -3.3
Exchange rate shock 1.0 1.2 1.4
Credit shock -3.4 -3.4 -3.1
... o/w indirect effect of exchange rate shock -1.7 -1.7 -1.5
Use of profits (percentage points) 2 2.6 2.4 2.8
CAR after-test 11.7 10.7 10.4
o/w large banks 11.8 10.5 10.2
o/w medium banks 12.8 14.0 13.5
o/w small banks 14.8 12.1 15.5
Capital injection (percent of GDP) : 0.4 0.4 0.5
Impact on dividends * -88.0 97.8 -95.3

Source: Authors' calculations, based on CNB data.

' CAR stands for capital adequacy, defined as per the CNB's regulations.

? Both scenarios assume that in the absence of shocks, each bank would have the same profit (loss) as was its average for
the last 5 years, and that it would use any profits as a first line of defence before letting CAR decline.

3 Capital needed for each bank in the system to have after-shock CAR of at least 8 percent.

‘In percent of dividends of the last calendar year.
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Table 4: Sector-by-Sector Credit Stress Tests, end-2004 (All data in percent)

Share of NPLs to Shock I Shock 11
total  total credit Capital Capital
credit in sector CAR inject. CAR inject.
Total, sectors by production 100.0 4.9
Agriculture, hunting, fishing 2.2 8.5 12.8 0.0 12.7 0.0
Forestry and logging 0.1 12.8 12.8 0.0 12.8 0.0
Mining of minerals 0.6 1.9 12.8 0.0 12.8 0.0
Manufacturing 15.3 8.6 12.2 0.0 10.1 0.4
Electricity, gas, and water 3.1 0.0 12.6 0.0 12.5 0.0
Construction 1.6 10.8 12.8 0.0 12.8 0.0
Trade and maintenance 11.3 9.2 12.5 0.0 11.7 0.2
Accommodation and hospitality 0.5 17.9 12.8 0.0 12.8 0.0
Transport and storage 2.1 5.1 12.8 0.0 12.8 0.0
Communications 0.9 1.4 12.8 0.0 12.8 0.0
Financial intermediation except insurance 10.6 1.2 12.5 0.0 11.0 0.4
Insurance 0.4 0.3 12.8 0.0 12.8 0.0
Leasing of machines and appliances 10.1 2.0 11.9 0.2 10.6 0.7
Other business activities 2.9 6.4 12.6 0.0 12.4 0.0
Other activities 38.3 3.7 9.2 1.5 2.4 4.3

Total, sectors by residency/legal status 100.0 4.9

Residents 96.6 4.6 -2.6 5.1
Nonfinancial enterprises 45.9 6.6 7.3 1.2 2.2 4.6
Public 2.6 33 12.8 0.0 12.7 0.0
Private, domestic 31.1 8.2 9.9 0.5 39 2.3
Private, foreign controlled 12.3 33 12.0 0.1 11.0 0.6
Financial institutions 8.1 1.6 12.5 0.0 11.9 0.2
Government institutions 11.5 0.1 12.1 0.1 9.9 0.8
Households 31.2 4.2 10.3 1.2 5.7 3.5
With trading license 2.9 12.4 12.8 0.0 12.7 0.0
Other households 28.3 34 10.7 1.2 6.6 32
Nonresidents 3.4 13.2 12.6 0.0 12.3 0.1
Nonfinancial enterprises 3.2 13.7 12.6 0.0 12.3 0.1
Government institutions 0.0 0.0 12.8 0.0 12.8 0.0
Households 0.1 52 12.8 0.0 12.8 0.0
Trading license 0.0 0.1 12.8 0.0 12.8 0.0
Other households 0.1 7.8 12.8 0.0 12.8 0.0

Source: Authors, based on data from the CNB.

Notes: Shock I ... 50% of PLs in the sector become NPLs; 50% provisioning on the additional NPLs.
Shock II ... All loans in the sector become NPLs; 50% provisioning on the additional NPLs.
Capital inject. ... capital needed (in percent of GDP) for each bank to have an after-shock CAR
of at least 8%.
The NPL ratio for the total of all sectors differs slightly from the ratio obtained from the
aggregate data. This is due to different data sources for the two variables. Work on reconciling
the two series is ongoing in the CNB.
The results for Shock II for all loans to residents are not shown because of low plausibility of
such a drastic shock.
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3. Survey of Stress Tests in Financial Stability Reports

To better answer the title-page questions—where we stand in terms of stress testing, and what can
be done going forward—a survey was done of the stress tests presented by central banks in their
recent financial stability reports (FSRs). The number of central banks publishing FSRs has grown
substantially (from two in the mid-1990s to about forty at end-2004),* and a larger proportion of
FSRs now include summaries of stress tests (the share having increased from zero in the mid-
1990s to more than one half at end-2004). This indicates not only that financial stability issues are
gaining more prominence in central banks’ work programs, but also that stress testing has become
an increasingly important analytical tool in financial stability work.

This section is based on a review of 36 recent FSRs, focusing on the features of their stress tests.’
It also compares these stress tests with those presented in CNB’s FSR. This review is based on
publicly available information contained in the FSRs published by central banks. This has the
advantage that the information can be easily verified. The disadvantage is that it may under-
represent the work done in this area by central banks. Many central banks carry out financial
stability work without publishing an FSR, and even banks that publish FSRs may do other work
that does not get published in the FSR.

Table 6 compares the stress tests in FSRs in various countries. The fact that an analysis does not
include stress tests or that the stress tests do not explicitly include certain risks does not mean that
the risks are not discussed and analyzed in the FSR. For example, even when an FSR does not
contain an explicit stress test for exchange rate risk, the report would typically include a
discussion of the open positions in foreign currency. Similarly, when a central bank does not
publish an FSR or does not include stress tests in its FSR, it may still carry out stress tests for
internal purposes, without publishing the results.

There is substantial cross-country variation in the sizes and ranges of the shocks covered and in
the methodologies applied. This reflects differences in the financial systems and the risks that they
face, as well as differences in the quality and structure of the available data. Nonetheless, the
stress tests in the FSRs show several common features:

— In most cases, the interest in stress tests was spurred by a Financial Sector Assessment
Program (FSAP) mission. In some cases, recent stability report(s) have included a summary
of the FSAP stress tests (Austria, Netherlands), and it is likely that the central bank will
continue with its own stress testing program, broadly along FSAP lines. In other cases
(Denmark, Norway), the FSR has included “FSAP-style” stress tests even before the country
has undergone an FSAP.

¥ In some cases, the name of the report is slightly different, e.g. Financial Stability Review. In several countries,
a similar report is also published by a separate regulatory agency.

? Included in the survey were FSRs from Australia, Austria, Belgium, Brazil, Canada, Chile, Denmark, Euro
Area, Estonia, Finland, France, Germany, Hungary, Hong Kong, Indonesia, Iceland, Indonesia, Ireland, Italy,
Israel, Latvia, Luxembourg, Netherlands, New Zealand, Norway (2 issuers), Philippines, Poland, Portugal,
Slovak Republic, Slovenia, Spain, Sweden, Switzerland, and the UK (2 issuers).
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The stress tests tend to have a wide coverage of the banking sector, covering either all or
virtually all banks in terms of market share. Other parts of the financial sector are covered
only exceptionally.'

Virtually all the presented stress tests are based on bank-by-bank data. This can be
understood as recognition that stress tests done on aggregate data risk missing some
potentially important risks arising from concentration of risks in weaker institutions.

Credit risk is covered in almost all the stress tests. Interest rate risk is covered in most of
them. Exchange rate risk is covered in some, but in many cases it is analyzed only in terms of
open positions, without an explicit stress test.

Most stress tests are simple sensitivity analysis calculations. Some include scenario analysis,
based on historical or hypothetical scenarios. Only a few stress tests are based on an
econometric model. When models are used, they tend to be relatively rudimentary compared
to those used in other central bank work, such as inflation forecasting. Inclusion of indirect
exchange rate effects and contagion is rare. When the latter is done, it is a basic exercise
based on net interbank market exposures.

Virtually all the surveyed FSRs have been positive in their overall assessment of the financial
sector, suggesting that it is stable. This mirrors the fact that FSRs in general tend to have
overall positive findings. Stress tests, in those FSRs that present them, tend to confirm this
conclusion by finding that the system is robust and capable of withstanding substantial
shocks. The fact that the findings are generally positive has several possible explanations.
First, financial systems across the globe have recently enjoyed a period of positive
developments and relative stability. Second, there is a selection bias: countries with bigger
weaknesses in their financial systems are more likely to refrain from publishing FSRs. Third,
there may be a bias in the FSRs themselves, if the publishing institutions hold back from
publishing negative or deteriorating results.

Based on the cross-country comparison, it seems that the stress tests presented in the CNB’s FSR
do not lag behind the stress tests presented so far in other central banks’ FSRs. However, this
should not be a reason for satisfaction. The stress tests presented in most FSRs are very
rudimentary, as central banks are still only at the beginning of their work in this area.

Table 5: Stress Tests in Selected European Financial Stability Reports

Percent of FSRs CNB’s FSR

Stress tests included 55 Yes
Stress tests follow those in a recent FSAP 50 Yes
Credit risk stress test included 55 Yes
Interest rate risk stress tests included 45 Yes
Exchange rate risk stress tests included 33 Yes
Other risks included 33 Yes
Scenario analysis included 38 Yes
Contagion analysis included 10 Yes
Credit risk based on a macromodel or other detailed 8 No
model

Source: Author’s calculations, based on a sample of 36 FSRs publicly available as of end-2004.

' For example, the German FSR includes stress tests for the insurance sector.



Table 6: Examples of Stress Tests in Recent European Financial Stability Reports

percentage of loans
to some sectors

become NPLs.

Country [Coverage Main conclusion Credit shock Interest rate shock  [Exchange rate shock [Other shock Scenario Indirect FX risk [Contagion
lAustria  |All banks ST supported positive |Incr. in loan loss Upward shifts in Appreciation/depreci [Equity price risk  [Yes Yes Yes
1) assessment of banks’ |provisions to loans of[EUR, USD, CHF ation of EUR by 10
risk-bearing capacity. [30 percent. curves; downward  |percent. Worst case
shift in YEN curve. |estimation.
Czech  [All banks System basically Increase in NPLs of |Increase of 1 pct Domestic currency Yes, two Yes Yes
Republic stable. Recent shift |30 percent or in the |point/2pct points. depreciates by 15 or scenarios
from credit risk to INPL/TL ratio of 3  |Combination of 20 percent.
interest rate risk. percentage points.  [weighted gap and
duration methods.
Denmark|6 Nordic The banking Increase in losses on |Increase in interest Decrease in stock |Yes, several |No (No
groups and 46 |institutions have loans to non-public  [rates of 1 or 3 pct prices of 30%. combinations
(out of 99) increased their sector of 1 or 2.25  [points. Decrease in Decrease in net fee |of the shocks
Danish resilience percentage points.  [the average lending and commission  |listed here.
institutions.  [considerably. rate of 1 pct point. income of 40%.
Germany|(A sample of [No risk to financial [Credit risk estimated |Twists of the yield |EUR appreciates or |30% decline in Yes, “oil price[No (No
banks; stability at present.  [by an econometric  |curve at the short depreciates by 15%. |stock prices in all |scenario,”
insurance model. end, parallel shifts markets. “int. rate
companies across all maturities, scenario.”
and fluctuations in Credit risk
the medium-term scenario using
range. an econo-
metric model.
Hungary |All active Results indicate an |4 shocks to NPLs Domestic rates: +500 [+/- 40% No No No No
2) banks improvement in the |(e.g., doubling, bp, -300 bp
sectors’ resilience.  |increase of 2 st. dev.) [Foreign: +/-200 bp
Latvia |All banks Vulnerability to Increase in NPL ratio [No explicit stress test [USD depreciating by No No No
overall credit risk of 3 percentage included; the report |10% against EUR.
decreased in 2004;  [points. A number of [notes that most loans
household lending the(sectoral shocks, are floating rate.
biggest risk. assuming that a




Country [Coverage Main conclusion Credit shock Interest rate shock [Exchange rate shock [Other shock Scenario Indirect FX risk [Contagion
Poland |All banks The system exhibits |Three shocks: (i) [Not a stress test, but [Not a stress test, but |Equity price risk [No No
high stability. satisfactory and an analysis of an analysis of VaR  |and property
special mention loans|gains/losses on and open positions. |market risks
migrate to doubtful; [interest-sensitive analyzed (but
(ii) substandard and [instruments, and the without a stress
doubtful migrate to  |maturity of debt test)
loss; and (iii) securities.
bankruptcy of three
largest borrowers.
Nether- |Major fin. Banks are sufficiently [+/-50 bps change in [+/-100 bps parallel  |[+/-10% change in the [+/-15% change in [Yes, [No Yes
lands institutions  [shock-resistant. credit spreads (larger jmove; 50 bps exchange rate of all relevant stock |“domestic
1) (84% banks, for insurance and flattening/steepening |EUR vs. other indices; 25% crisis of
54% insur.c., pensions) of yield curves currencies increase in market |confidence,”
50% pens.t.) (larger for ins&pen) volatilities “dollar crisis”
Norway |All banks/  [Short-term stability [Decline in economic |Interest rates A fall in property |Yes, all tied to|No No
seven largest |outlook satisfactory. |growth, increased  |unchanged, but prices reduces credit risk.
conglome-  |However, increased |unemployment. interest burden of real mortgage values,
rates. vulnerability of sector increased causing a rise in
household sector. appreciably. loss given default.
Sweden [Four major  |The major banks have(Failure of the largest |Increase in interest [No [No Yes
banks improved their counterparty, rates of 1 pct point,
potential for coping [assumed recovery  [and 30 percent fall in
with shocks. ratio of 25 percent. [the stock market.

1) The latest FSR contained the stress tests carried out by (or in collaboration with) an FSAP mission.

2) Based on end-2003 FSR. The subsequent two FSRs present only the “stress CAR,” which shows a bank’s financial position in a situation where all NPLs
are written off.

Source: Authors, based on central banks’ recent financial stability reports. Austrian National Bank: Financial Stability Report 7, June 2004. Danmarks
Nationalbank: Financial Stability 2003. Deutsche Bundesbank: Report on the Stability of the German Financial System, Monthly Report, October 2004. De
Nederlandsche Bank: Overview of Financial Stability in the Netherlands, December 2004, Issue No. 1. Hungarian National Bank: Report on Financial
Stability, June 2003. National Bank of Poland: Financial Stability Review, First Half of 2004. Norges Bank: Financial Stability, 2004:1, June 2004. Sveriges
Riksbank: Financial Stability Report, 2004:2.
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4. Steps Going Forward

This research project has concentrated on developing basic system-focused stress tests that cover
the key banking sector risks and can be implemented on a regular basis. Such stress tests have
been published in the CNB’s first Financial Stability Report and—as illustrated in Section 3—are
comparable with similar exercises presented by other central banks. However, central banks are
still only at the beginning of their work in this area, and many are working on improvements in
their stress testing methodology. It is therefore imperative to develop stress testing at the CNB
further.

Going forward, there are several important areas for improvement in the stress tests. Table 7
provides a detailed list of recommendations in tabular form, with a proposed timeline for
implementation. The table is based on recommendations made under this project in the first half
of 2004 (Cihak, 2004b). Many of the short-term recommendations have already been
implemented within this research project. However, there is still some substantial work that
remains for possible follow-up projects.

More generally, the remaining work related to stress testing can be grouped into five broad
themes: (i) strengthening the links between the stress tests and macroeconomic analysis; (ii)
improving credit risk modeling; (iii)) widening the coverage of the exercise to include financial
institutions other than banks; (iv) including shocks going beyond the basic risks covered so far;
and (v) strengthening the other financial sector analysis tools that serve as preconditions for stress
tests. These major areas are discussed in more detail below.

4.1 Links to macroeconomic analysis

Ideally, the stress testing scenarios should be based on an explicit macroeconometric model (Jones
et al., 2004). Using such a model should in principle provide a forward-looking and internally
consistent framework for analyzing key linkages between the financial system and the real
economy. Box 1 lists some general considerations when using such macro models.

The basic stress tests presented in CNB (2004) and in Section 2 of this note are not based on an
explicit macroeconomic model. As shown in Table 2, the stress testing scenarios used so far were
derived using a pragmatic approach that combined a review of shocks used in scenarios by other
institutions, and by taking into account the historical shocks in the Czech economy.

The lack of a formal model in the existing stress tests does not mean that these exercises
completely disregard macroeconomic relationships. The design of the scenarios has been
informed by an assessment of the macroeconomic risks, and the sizes of the shocks in the tests
take into account the historical volatility in the risk factors. Nonetheless, it might be useful to
support the stress testing exercise by a more explicit macroeconomic model. The objective of
using such a model is to link a particular set of shocks to key macro and financial variables in a
consistent and forward-looking framework. This does not necessarily require a large research
effort, but can leverage on existing expertise and research. The key reason for using this approach
is to bring in the discipline and consistency of an empirically-based model and an explicit focus
on the link between the macroeconomy and the main vulnerabilities.
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To avoid duplication of effort, and to leverage on work already done at the central bank, it might
be useful to generate stress test scenarios using the CNB’s existing model apparatus, as suggested
in Cihak (2004b). The model could be used to determine the relative sizes of the shocks to the risk
factors and to assess the likelihood of the scenarios (ideally using stochastic simulations based on
the model). However, there are some practical issues with using the CNB’s existing models for
the analysis:

— The CNB uses different models for medium-term and short-term forecasts. A disadvantage of
the model used for the medium-term forecasts is that it is not sufficiently detailed; also,
instead of GDP, it contains only the GDP gap. The disadvantages of the model used for
short-term forecasts are the short-term nature of the model and the low transparency of the
forecast.

— The CNB’s existing macro-models do not explicitly incorporate the financial sector. In
particular, they do not contain links between the macro variables and credit quality. Without
such links, it would be difficult to include credit risk and therefore to generate a consistent
scenario. It is therefore necessary either to adjust the model, or to create another model
linking the macroeconomic model and credit quality.

Given these practical problems in using the existing macroeconomic apparatus, it seems more
realistic to develop a separate model linking macroeconomic variables and credit quality rather
than trying to adjust the macro model. The survey of stress testing practices in other central banks
carried out for Section 3 suggests that even macro models in advanced country central banks do
not include the financial sector in sufficient detail to allow direct use of their results in stress tests.
In this context, developing a smaller, separate model seems a more viable option.

Baboucek and Jancar (2005) analyze the link between system-wide asset quality and
macroeconomic factors by estimating a VAR model for the NPL ratio and a number of other
variables. They use standard impulse response analysis for testing numerous empirical
hypotheses. The authors also present a simple extreme value “stress-testing” of the quality of the
banking sector’s aggregate loan portfolio. Based on their model, the authors conclude that the
Czech banking sector has reached noticeable stability with respect to macroeconomic shocks.

The Baboucek and Jancar (2005) model is very useful for further work. It fills an important gap
between the CNB’s macroeconomic modeling and bank-by-bank stress testing. The model is
particularly useful because it incorporates the basic stress testing variables—the interest rate, the
exchange rate, and asset quality. It allows for simple testing of the consistency of stress testing
scenarios. In particular, the relative sizes of shocks in the two scenarios used in our stress tests so
far (Scenario I and Scenario II) seem consistent with the results of the model.

The Baboucek and Jancar (2005) approach is in line with similar studies done on this topic in
other countries.'’ Nonetheless, the model also has several problems, some of which are easier to
overcome than others. First, the model suffers from some econometric problems, related mostly to
structural breaks. Second, it looks only at aggregate credit, not at the sectoral structure of credit.
Third, the key variable of the model, i.e. the aggregate ratio of NPLs to total loans, does not have

' See, for example, Gerlach, Peng, and Shu (2004) and Peng, Lai, Leung, and Shu (2003).
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a straightforward relationship to financial sector soundness. A higher value typically means less
soundness, but it also depends on provisioning and capitalization, and on the concentration of the
exposures in individual banks. Therefore, the exercise needs to be linked to the bank-by-bank
stress tests that take provisioning and capitalization into account.

It is important to strengthen the links between the stress tests and macroeconomic analysis as
suggested above, so that the stress tests are better justified. However, the following two
considerations also need to be borne in mind:

— The exact size of shocks in stress test scenarios will always be subject to some uncertainty,
simply because the future is unknown, and particularly because the macroeconomic models
may not be able, because of their limitations, to simulate well the impacts of the large shocks
that are of interest in stress tests.'” To acknowledge and recognize this uncertainty to some
extent, the existing stress tests include two different scenarios, reflecting two different levels
of stressfulness.

— Using the same scenarios for comparisons over time can somewhat decrease the dependence
on having “exact scenarios.” Stress tests should not be seen as forecasts, but rather as ways to
measure exposures and compare them with the shock absorption capacity in the system. If
stress tests are run on a regular basis for a long time, they can still offer useful information
about changes in the structure and overall pool of risks, even if their scenarios are not
“exact.”

Box 1: Simulations Using Macro Models: Some Considerations

Using a model to simulate a range of macroeconomic scenarios raises a series of questions, such as:

e  What are the baseline assumptions? The baseline assumption could be no change from the latest
data, or the central forecast, or the most likely scenario from the most recent forecasting exercise.

e  What policy responses are assumed? Depending on the model, different policy reaction functions
may be embedded in the model (such as a Taylor rule), or an assumption of no change in policies may
be used. Assuming no policy response will typically imply a larger macroeconomic effect of any
shock.

e  What is the time horizon of the simulations? If a quarterly model is available, it may be possible
to produce forecasts over the next six to eight quarters. When applying the scenarios to individual
balance sheets, however, a shorter time horizon is desirable if no reaction by institutions is assumed.

e  Which variables are assumed fixed, and which are shocked? Many macroeconomic models use a
large number of exogenous variables. Implementing a particular scenario requires judgment as to
which variables are assumed constant. Changing a large number of exogenous variables may make the
scenario unnecessarily complex, with little benefit in terms of realism.

e  What size of shocks should be used? Shocks can be calibrated on historical experience (e.g., the
largest change over the chosen time horizon seen in the last ten years), or can be set on the basis of a
hypothetical scenario (e.g., a 20 percent fall in the exchange rate). Historical experience may be more
intuitive and easier to justify, but major structural changes may invalidate the historical calibration.

Source: Adapted from Jones et al. (2004).

"2 First, macroeconomic models are typically linear, which may be a good approximation for small changes, but
less so for large changes. Second, macroeconomic models may not well capture the feedback from financial
instability back to macroeconomic policies and developments. This may compromise the stability of the
coefficient estimates from the macroeconomic model in the case of large shocks.
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The above discussion focused on the link between the macroeconomic factors and credit risk,
because credit risk is the area where the main difficulty lies in using the current macroeconomic
models. However, there are, of course, other important linkages between the stress tests and the
macroeconomy, and some of them deserve further attention. For example, for interest rate risk, it
would be useful to work on the linkages between public debt and its implications for financial
stability. One specific question related to this area is to what extent do changes in the duration of
government debt influence interest rate risk in the banking sector. The current stress testing file
allows for a simple calculation to this effect, but it may be useful to take it a step further.

4.2 Improvements in credit risk modeling

Credit risk is where the current stress testing exercise would benefit most from improvements.
The current exercise is mechanistic. In particular, it assumes that the increase will for each bank
be proportional to the existing stock of NPLs or PLs, or a combination of the two. The
improvements discussed in the previous section would help to better justify the aggregated size of
the shock; however, they would not help to address the bank-by-bank distribution.

Ideally, modeling of credit risk should be based on an assessment of borrowers’ capacity to repay.
In principle, this should provide a more direct assessment of the risks than using NPLs, which are
lagged and may depend on regulatory conventions. On a cross-country level, some justification
for this view can be found in IMF (2003), which finds, using a panel data estimate for 47
developed and emerging market countries over a period of 10 years, that the corporate sector’s
financial leverage can be used as a leading indicator of NPLs. In particular, the paper found that,
on average, a 10 percentage point increase in corporate leverage is associated with a 1.8
percentage point rise in NPLs relative to total loans after one year."

An important step in this direction would be to estimate a bankruptcy prediction model on a
company level to link companies’ bankruptcies to a number of risk factors. Much research has
been undertaken on the development of such models world-wide. A particularly popular class of
such models is the multiple-determinant analysis (MDA) models, which link a firm’s bankruptcy
to a number of financial ratios. A classical example of such model is the Altman model (Altman,
1968), which introduces a formula (the so-called Z-score) designed to represent a firm’s
creditworthiness as a weighted average of five financial indicators, namely (i) earnings before
interest and taxation, as a ratio to total assets; (ii) retained earnings to total assets; (iii) total
turnover to total assets; (iv) working capital to total assets; and (v) market value of equity to
liabilities. Other MDA models differ in a number of respects, such as the type of financial ratios
used, but the framework is very similar (see, for example, Marais, 1980, and Taffler, 1984). The
models are typically estimated using a probit or logit regression on company-by-company data.
The models are extensively used in practice by, for example, credit rating agencies, banking
institutions and other financial analysts."*

Several authors have attempted to apply the Altman analysis to the Czech conditions. One form of
such analysis can be found in Buchtikova (1999), who carried out a discriminant analysis of 11

"> The explanatory power of the equation was low, however, with R-square of only 0.14, reflecting most likely
the importance of country-specific factors.

' For a comprehensive review of bankruptcy prediction models, see Altman and Narayanan (1997).
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indicators derived from data on bank credit. Perhaps the most recent attempt to estimate the
Altman model on Czech data is by Hlavacek (2003), who used an anonymized database of
financial results of Czech enterprises with more than 100 employees in 1998-2002. The database
contained figures on the labor force, basic balance sheet and income statement data, investment,
and foreign trade. The analysis did not include stock market data, which have been found to be
significant in many foreign studies.® Similarly to the foreign studies, Hlava¢ek (2003) analyzed
the survival of companies by estimating probit and logit models. The explanatory variables
included basic financial ratios. The author found that newly formed companies are more likely to
demise than “old” companies, and that, as expected, there is a positive relationship between a
company’s probability of survival and its margin and return ratios. He found that agriculture,
mining, and leather processing companies were more prone to bankruptcy, which can be
explained by the loss-making nature of those industries. Also prone were construction,
accommodation, trade, and other services, which the author explained by the highly competitive
nature of these industries as well as their pro-cyclicality (GDP was well below potential in the
period under investigation). The author found that transport and distribution of water and
electricity are relatively robust, which can be partly explained by the fact that most of these
industries are monopolies, typically with a strong role of the government.

MDA-type models offer a potentially promising avenue for enhancing credit risk modeling.
However, this approach also requires addressing some challenges, in particular the following:

— The results presented for the Czech Republic have so far been statistically very weak. For
example, the McFadden’s R-sq. for the probit and logit models presented in Hlavacek (2003)
are only about 0.06 and 0.04 respectively (on a scale from 0 to 1). It is unclear how relevant
the estimated relationships would be for the large shocks that are typically assumed for stress
tests. Given the weak statistical results, Hlavacek (2003) concludes that standard models of
credit risk assessment are not unambiguously applicable in the Czech Republic. This is most
likely a result of short time series, weaknesses in accounting and data reporting systems, and
lacking or poorly implemented bankruptcy legislation. Another explanation for the problem
with the results is that the data used were anonymized, which made it impossible to link the
database with the trade registry and thereby find the direct reason for a company’s demise in
the database. In some cases, the reasons might be other than bankruptcy: the company may
have stopped reporting or have been taken over by another company (e.g., a foreign
investor), or it may have simply changed its identification number.

— Linking the corporate data with banking exposures is far from trivial. The anonymization is
an obvious obstacle, but even for non-anonymized data, there would the issue of how to link
the corporate-by-corporate analysis of default ratios to the bank-by-bank stress testing
calculations. One way of establishing this link is to estimate the probit or logit model on a
sector-by-sector basis (or with sectoral dummy variables), and then use the results to carry
out credit tests for loans to sectors (Cihak, 2004b). The link is established through individual

"> The immediate reason for not including stock market data was the fact that the database was anonymized.
However, as pointed out by Hlavacek (2003), including stock market data would most likely not have led to a
major improvement in the results, because of the shallowness of the stock market and the fact that most of the
trading is concentrated in six stocks.
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banks’ lending exposures to the various sectors.'® Another practical problem is that from
banks’ perspective, we need to know not only the probability of default, but also the
recoverability ratio for defaulted borrowers. From this viewpoint, using NPL data would
offer a more direct calculation of the impact on banks’ capital.

— The MDA models typically focus on the corporate sector. However, given the rapid growth in
household credit in the recent past, there is a need to cover both corporate and household
exposures. In principle, a similar approach could be used for households. However,
implementing the calculation by supervisors would be much more difficult for households,
given the large number of individual loans, and more difficult access to data. This would
argue for using either an NPL-based approach or the results of commercial banks’ stress
tests.

— The financial indicators for borrowers may be available with a long lag, particularly if the
database has a broad coverage. This may negate one of the main advantages of the
borrowers’ data compared with NPLs: the fact that they are leading, rather than lagging,
indicators of asset deterioration (see also Box 2).

— In addition to the statistical weakness in the Czech case, MDA models have some more
general statistical problems. Letza, Kalupa, and Kowalski (2004) carried out independent
testing of two commercially applied MDA models—Altman’s and DataStream’s—on a
sample of UK companies, and found that the use of MDA models as predictors of bankruptcy
can involve major understatement of classification errors. This raises doubts about the
robustness of these models and their acceptability as the sole mean of assessing the potential
bankruptcy of companies.

— The models would need to be adapted for use in stress testing; in particular, they would need
to include macroeconomic risk factors. MDA models typically include only financial ratios.
However, for use in stress tests, we need to know the sensitivity of the probability of default
to macroeconomic factors such as the interest rate and the exchange rate. Sensitivity to
interest rate risk can be assessed by examining the impact of interest rate changes on net
interest expenses and interest earnings. Semsitivity to foreign exchange rate risk can be
examined by considering the effect of a change in the exchange rate on foreign earnings and
interest expenses on the stock of foreign-currency denominated debt. Sewmsitivity to
macroeconomic cycles can be estimated by considering the impact of changes in sales and
firm income. The impact of these various shocks on the ability of firms to service their debts
can be measured using the interest coverage ratio, often defined as earnings before interest,
taxes, depreciation, and amortization divided by interest expenses. Firms that fail to maintain
their interest coverage ratios above one must eventually liquidate assets or gain new funding,
renegotiate their debt contracts, or default. The proportion of firms or their debts that have
low interest coverage ratios (e.g., below one) provides a rough proxy for potential loan
defaults. Stress tests can show what effect different shocks have on interest coverage ratios
and the proportion of firms that are at greater risk of defaulting. Thus, stress tests of the

' As noted by one of the reviewers of Cihak (2004b), companies in the Czech economy may be much more
differentiated by their type of ownership than by their production. That is why in the sector-wise stress tests, we
have adopted two definitions of “sector,” one by residency/legal status (resident/nonresident, public, domestic
private, foreign private, etc.) and one by main economic activity.
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corporate sector can provide a useful indicator of the sensitivity of the underlying credit
quality of bank loans to a variety of shocks.

The stress tests presented by other central banks in their FSRs (see Section 3) offer only limited
guidance for improvements in this area. In most cases, central banks use similar simplified
approaches as used in the Czech FSR. Here are some central bank experiences:

— Austria. Arpa et al. (2000) estimate the effect of macroeconomic factors (real GDP, real
estate prices, inflation, and real interest rates) on risk provisions and on earnings for Austrian
banks. Kalirai and Scheicher (2002) model loan loss provisions in Austria as a function of
various macroeconomic indicators, and then use the model to conduct a series of sensitivity
tests.

— Norway. Norges Bank is one of the most advanced central banks in this respect. Froyland and
Larsen (2002) model losses for Norwegian banks on household loans as a function of
household debt, wealth, and unemployment. They also model losses on loans to enterprises
as a function of risk-weighted debt and collateral. Andreeva (2004) models the loan loss ratio
(to assets) of loans to Norwegian enterprises as a function of bankruptcy probabilities and a
variety of economic factors, including the unemployment rate and the real interest rate.
Norges Bank’s experience with corporate sector credit risk modeling is reviewed in Box 2.

— UK. Benito et al. (2001) extend the Bank of England’s macro model by incorporating
household and corporate balance sheets. They then perform a stress test by incorporating a
fall in housing prices and a rise in interest rates, examining their impact on a variety of
indicators, including mortgage arrears.

Box 2: Credit Risk Models Used at Norges Bank

Norges Bank uses two models to analyze financial exposures in the enterprise sector. First, its SEBRA
model predicts bankruptcy probabilities based on annual accounts of all limited companies (Eklund,
Larsen, and Bernhardsen, 2001). The main disadvantage of the SEBRA model is that new information
comes in only once a year, with a lag of nine months after the closing of the annual accounts. For
example, the SEBRA model in mid-2004 was based on 2002 annual accounts. Second, Norges Bank
calculates Moody’s KMV model for listed companies based primarily on market information, and uses
these results to predict default probabilities for non-listed enterprises. The model is based on some key
variables from the annual accounts, which are combined with developments and the volatility of
equity prices for listed companies in the same industry and country as the enterprise in question. The
KMV database in question is limited to large unlisted companies, but the KMV model has the
advantage over the SEBRA model that it is based on current market data. The SEBRA model’s use of
a larger number of accounting variables compensates for the KMV model’s advantage of using
updated market information. However, the use of more recent market information improves the KMV
model’s prediction capabilities. In a recent FSR, Norges Bank mentioned that it plans to develop the
SEBRA model by including in it some market indicators.

Based on the above discussion, a multi-pronged strategy would seem appropriate. First, the work
on the NPL-based econometric model should continue, following up on Baboucek and Jancar
(2005). It would need to incorporate the comments mentioned above, in particular so as to be
better linked to the existing stress testing exercise. Second, work on the MDA model should also
continue, focusing on the macroeconomic factors and linking them to a consistent scenario. Third,
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the CNB should seriously consider engaging commercial banks in the stress testing exercise (see
the next sub-section).

4.3 Involving commercial banks

Involving commercial banks in the stress testing exercise, if done properly, would be a useful way
of carrying out the underlying calculations in much more detail. It would lead to major
improvements in the sophistication of the underlying calculations, more so than would be feasible
in-house. That is why some FSAPs and some central banks have requested commercial banks to
do the number crunching.

Banks are increasingly carrying out stress tests themselves. Internationally, the number of banks
conducting regular stress tests has been growing as banks have increasingly recognized such tests
as a useful tool in assisting risk management, and also as they prepare for the introduction of
Basel II, which includes a requirement for banks to carry out regular stress tests.

In the Czech case, the survey of stress testing practices carried out in 2003 based on information
as of end-2002 (Appendix I) suggested that banks generally have a good modeling framework for
market risk and have regular exercises, even though most of them use VaR-type models rather
than stress tests. For credit risk, banks apparently do not use scenarios and shocks to risk factors.
The stress tests do not allow for correlation between market risk and credit risk. Also, banks have
so far—with a few exceptions—not been using more sophisticated methods such as Monte Carlo
simulations. The sophistication and use of stress tests is likely to have evolved since then, as
banks have improved their risk management systems and have been preparing for the
implementation of Basel II. To this end, the survey of stress testing practices (Appendix I) should
be repeated next year to update on the status of stress testing in commercial banks.

This approach requires that the participating banks use the same scenarios (supplied by the central
bank) and are capable of carrying out stress tests with the same methodology and report the results
to the central bank in a way that allows for aggregation. To get commercial banks on board, the
methodology of the stress tests should be designed in a way that does not place major additional
requirements on banks. The central bank would need to explain to the banks the advantages of the
stress testing exercise, including the fact that they can compare their own result with the overall
results for the system.

Involving commercial banks does not mean that the central bank would not have to do any work.
The central bank should still run, at least for some time, a simpler stress testing exercise such as
the one currently in place, so as to be able to cross-check the results from commercial banks for
overall consistency. At the same time, involving commercial banks in most of the data crunching
would allow the central bank to focus more on methodological issues such as developing
macroeconomic modeling, so as to make the stress testing scenarios more credible. Some stress
testing modules may have to be done by the central bank. For example, only the central bank
would have data for carrying out the interbank contagion stress test.
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One concern with involving commercial banks is ensuring the integrity of the exercise. If the
calculations are outsourced to commercial banks, how can the central bank ensure that the
exercise is implemented properly and that correct results are reported back to the central bank? It
might be argued that in the absence of other incentives, some banks may be tempted to “fake” the
exercise by not doing the required calculations or by reporting biased results to the central bank.
This potential concern can be addressed by a combination of steps, in particular by (i) issuing
guidelines for commercial banks’ stress testing, as some central banks and supervisory agencies
have done; (ii) conducting, as part of both on- and off-site supervision, regular reviews of stress
test methodologies and their implementation in individual banks; (iii) continuing to run the
simpler in-house stress testing exercises in the central bank, as mentioned earlier, to cross-check
the results from individual banks; (iv) following up on major discrepancies between the central
bank’s and commercial banks’ stress tests; and (iv) sharing with commercial banks the overall
results of the exercise, thereby giving them something back for their participation in the exercise.

Implementation of stress tests at the individual bank level would have to be coordinated with the
implementation of Basel II and International Financial Reporting Standards (IFRS), which is
likely to have impacts on the structure of the calculations and the availability of the underlying
data. Stress testing is also an issue being discussed in the Committee of European Banking
Supervisors (CEBS). It is therefore also important to follow the results of that work.

4.4 Other shocks

The stress testing model has so far not included some shocks that are not as important as credit,
interest rate, and exchange rate shocks, but might still be substantial in some banks. Given the
rapid growth of mortgage lending and other real-estate related activities, it would be particularly
useful to include a test for movements in real estate prices. Mechanically, this is relatively
straightforward to implement, and the basic data for this test have been collected. Again, the more
difficult part is linking this exercise to a macroeconomic model. Norges Bank may serve as an
example. Their latest FSR includes an estimate of an econometric model explaining housing
prices as being influenced by the housing stock, the unemployment rate, banks’ after-tax lending
rate, total wage income in the economy, and an indicator of household expectations.

The impact of a stock market shock on banks is negligible given that their exposures are relatively
small. For this reason, the shock was not even included in the scenarios reported in the FSR.
Nonetheless, the issue should be re-evaluated at a later stage and the shock included if the impact
becomes substantive.

The basic stress tests already include interbank contagion risk, based on a sheet that contains a
matrix of net uncollateralized exposures in the interbank market. However, some further work on
this exercise is needed (e.g., the matrix does not cover all exposures among banks, only the large
exposures). It would be useful to repeat the exercise and see whether there are substantial changes
over time.

4.5 Strengthening other financial stability work

Stress tests are only a part of the analytical toolkit for financial sector analysis. The toolkit also
includes the analysis of macro-level indicators, financial sector indicators (particularly those
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describing its structure and soundness), and market-based indicators. It also includes various
qualitative tools, such as assessment of the technical infrastructure and the institutional, legal, and
regulatory framework for the financial sector.

The first FSR (CNB, 2004) underscores the CNB’s recent achievements in the area of financial
sector analysis. Nonetheless, improvements are possible and could usefully support the further
development of stress testing proposed here.

One example of possible improvements is the compilation and analysis of financial soundness
indicators and other financial sector variables. The FSR illustrated that a wide range of financial
sector indicators is available. Nonetheless, improvements are possible. While the core financial
soundness indicators (FSIs) (IMF, 2004) are generally easily available, some of the encouraged
FSIs seem more difficult to obtain. Also, work may be needed to ensure that the indicators are
internationally comparable; the analysis could then include more cross-country elements. In this
context, it is helpful that the Czech Republic is one of the countries participating in the
Coordinated Compilation Exercise, aimed at compiling internationally comparable sets of
financial soundness indicators. It might be useful to have a particular look at FSIs that are close to
stress tests, such as nonperforming loans net of provisions as a ratio of capital. Compared to the
more frequently used ratio of gross NPLs to total loans, this indicator provides a more direct
assessment of the potential impact of loan quality on solvency. Moreover, unlike stress tests, this
indicator is amenable to cross-country comparisons.

Another example could be work on early warning systems (EWS). EWS are complementary to
stress tests: while stress tests assess what would happen to the financial sector under certain
extreme scenarios, early warning systems attempt to detect signals of crisis under the existing
scenario. EWS can to some extent be used as an input in stress tests, as explained in Cihak
(2004b). Some recent work on EWS for Czech banks is available (Hanousek and Podpiera, 2000;
Derviz and Podpiera, 2004); however, it has yet to be linked to stress testing.

Finally, the CNB could make more use of surveys. One example would be to organize a regular
survey of senior loan officers on bank lending practices. Such surveys have been organized by the
U.S. Fed on a quarterly basis since 1967, and have recently started in the ECB and the Hungarian
National Bank, also on a quarterly basis. A regular lending survey can shed light on what role
non-price factors play in the credit supply. With its help, important additional information can be
gained on the stability of the financial sector and the role of the banks in the economy. Another
survey is the survey of stress testing practices in commercial banks, mentioned earlier, which was
conducted for data as of end-2002, and would benefit from an update during the next 12 months.
Of course, any surveys need to be carefully reviewed with a view to limiting any unnecessary
regulatory burden.

Even with the various improvements proposed above and in Table 7, stress tests will always have
limitations. Even the best stress tests are only approximations of reality, and rough
approximations at that. Some of the limitations are inherent to macroprudential analysis, and it
might be useful to recognize these limitations explicitly. In particular, stress tests and the related
macroprudential tools are designed to assess the stability of the system as a whole, and will not be
able cover risks that are specific to individual institutions, such as asset quality, operational or
legal risks, or fraud. A disclaimer to this effect might be included in the FSR.
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4.6 Widening the coverage to include non-bank financial institutions

The stress tests conducted under this project have focused on banks, reflecting the dominance of
banks in the Czech financial system, as well as practical reasons (detailed data for banks are
readily available). As noted in Section 3, the stress tests in other central banks’ FSRs also mostly
focus on banks. Nonetheless, research and other work is ongoing on stress tests for other market
participants, in particular insurers. In the medium to long term, it would be useful to broaden the
coverage of the stress tests beyond banking to cover all systemically important parts of the
financial system.

In the next step, the simple stress tests could be modified and extended to insurance companies.
Stress testing of insurance company balance sheets and income statements is not as well-
developed as stress testing of banks. This is due in part to the history of stress testing, and also to
regulatory impetus. Furthermore, insurance companies are generally considered to represent a
lower level of systemic risk than banks, mainly due to the different character of their liabilities,
which often have a longer duration than those of banks. However, distress in the insurance sector
can have important systemic implications, including through ownership relations with the banking
sector and its impact on confidence in the financial sector as a whole. The IAIS (2003) issued a
guidance paper on stress testing by insurers. This document provides a broad set of principles for
stress testing that companies should follow, recognizing the importance of stress testing as a risk
management tool.

Because insurance companies have a different balance sheet structure to banks, stress testing of
their balance sheets presents unique challenges. Insurance companies face underwriting risk,
catastrophe risk, and risks on technical claims provisions. On the asset side, more or less similarly
to banks, they also face market risk, credit risk, liquidity risk, operational risk, group risk, and
systemic risk, albeit in differing degrees to those faced by banks and other financial institutions.
The complexity of the contracts underlying insurance company balance sheets can create
difficulties in revaluing liabilities, and a full-fledged stress test would require detailed data on a
contract-by-contract basis to enable an accurate assessment of the impact of changes in risk
factors. Stochastic techniques are sometimes used by insurers to assess their resilience to shocks.
Such techniques are complex, and account for the probability of a range of possible outcomes. For
the system-focused stress tests carried out by supervisors, simple deterministic tests (e.g., shifts in
loss ratios or gauging the effect of specified catastrophic events) can reveal useful information
about resilience to shocks.

The results of insurance company stress tests are often expressed in terms of their impact on the
solvency margin. The required solvency margin is the minimum level of capital and reserves (or
surplus of assets over liabilities) required by the supervisor, which is intended to ensure with a
high probability the insurer’s ability to meet its obligations on an ongoing basis. If the financial
position of an insurance company deteriorates below the required solvency margin, a series of
corrective actions need to be initiated by the supervisor. The numerical estimate of the impact of a
stress test can be expressed as a percent of the required solvency margin, to indicate the potential
severity of the shock."’

"7 Tt must be noted, however, that the current solvency system in most European countries, based on EU
Solvency I, is outdated and often misleading. It does not take into account the asset side and mismatch risks for
life insurers, and may substantially underestimate capital needs as compared to risk-based models. Solvency II is
being prepared, but it will take some time before it is implemented.
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Aggregating the results of stress tests of insurance company balance sheets with the results for
banks (e.g., within a conglomerate, or aggregating the results for the two sectors) would be
desirable. However, it often proves complicated because of differences in the accounting and
regulatory treatment of assets and liabilities. Differences in the definition of capital and the
market valuation of investments may be particularly acute. A separate presentation of the results
is therefore more common (e.g., in the FSRs for Germany and the Netherlands) than an integrated
presentation with banking stress tests.



Table 7: Summary of Recommendations, Requirements, Suggested Timeframes, and Steps Taken

RECOMMENDATIONS

REQUIREMENTS

TIMEFRAME

STEPS TAKEN

General

Macroeconomic risks. Regularly reassess the main
macroeconomic risks facing the banking sector, including
cross-sector and cross-border risks.

Regularly, in the
context of the
financial stability
report.

Done in the first FSR, issued in 2004. Needs
to be reviewed continuously.

Links to the macro. Improve the regression estimates
relating credit quality to macroeconomic shocks. Attempt
to select consistent scenarios with the help of the existing
macroeconomic models.

6—12 months

This work has been brought forward by
Baboucek and Jancar (2005), but more work is
clearly needed.

Treatment of profits. Initially, assume zero baseline profits
and express the impacts in terms of capital. Take past
profits into account when interpreting the results. Later,
use a conservative assumption based on past profits (e.g.
“baseline” profits at 50 percent of last three years’
average); combine with an autonomous shock to non-
interest income or net interest income.

No data requirements. For second
stage, develop a formula best capturing
“baseline profits.”

Start in the next
6 months. As
regards
“baseline”
profits, consider
in 12-24 months.

This was addressed in the stress test scenarios
presented in the first FSR and in this note.
Profits recognized as the first line of defense.
Also, the summary of results included a
presentation of the impacts in terms of profits.

Scenario vs. sensitivity analysis. Combine sensitivity

Start in the next

This is already done in the FSR and here.

analysis with scenario analysis. 6 months.

Types of scenarios. Use hypothetical scenarios (perhaps For the hypothetical scenarios, need to | Start in the next | Scenarios already used in the FSR and here.
using the CNB’s macromodel). For illustrative purposes, conduct stochastic simulations based on | 6 months. CNB macromodel not used.

also use historical scenarios (e.g. 1997-1999) as relevant. the CNB’s macromodel.

Early Warning System. Consider developing an early Requires an estimate based on data on Short/medium Some work done in this area (Hanousek and
warning model to complement the stress testing exercise. past bank failures and descriptive term. Podpiera, 2000, Derviz and Podpiera, 2004).
Namely, try estimating a logit/probit model that includes variables for banks. Needs to be integrated with stress tests.
capital adequacy as an explanatory variable for bank

failure.

Internal ST models. As the first step, devote more attention - Medium/long The first survey was done as part of this

to banks’ internal ST in on-site visits. Later on, consider term. project (Appendix I). The survey should be

issuing guidelines on ST in banks and including banks’
internal models in the CNB’s ST exercise.

updated in the next 12 months. More
systematic feedback from on-site visits would
be useful. Start working on the guidance note.
Including actual ST results by banks should be
an important medium/long-term goal.




RECOMMENDATIONS

REQUIREMENTS

TIMEFRAME

STEPS TAKEN

Consolidation and cross-sector risks. At a later stage,
consider including in the stress tests risks arising from
other parts of the financial system.

At present, collect/obtain better
information on risks arising from
insurance and pension sectors. Contact

Securities Commission to coordinate on

this.

Long term.

Remains to be done.

Organization

Frequency. Conduct a standard set of stress tests on a
quarterly basis. More elaborate analysis (e.g. interbank

Start the exercise
in the next 6

Regular stress tests started within this project.

contagion) could be conducted less frequently. months.

Software/Hardware. For the time being, use MS Excel Requires easy access to and knowledge | Start in the next | Done. MS Excel used as the primary software
files, supported by econometric estimates from E-Views. of E-Views. No hardware implications | 6 months. so far.

Later on, automate the process using programs in either envisaged.

Microsoft Access or Excel.

Who to run the stress tests? Routine operation by bank Requires closer cooperation between Start in the next | Stress tests run by Financial Stability Unit
supervisors. Research-oriented staff to provide input by supervisors and research staff. 6 months staff and IMF/MFD expert. User guide

estimating the sensitivity coefficients and other inputs in
the stress testing models.

prepared to make it easier for other users to
replicate the tests.

Dissemination and presentation. Detailed results in
internal reports for CNB management. Summary of results
in FSR.

Using foreign experience, develop
standard reporting formats for the
internal reports and the FSR.

Start in the next
6 months.

Done.

Credit Risk

Size of the shock. For the time being, a 30 percent increase
in NPLs. Later on, a 3 standard deviation increase in NPLs
based on past changes. Link to a plausible scenario with
shocks to GDP and other main factors of NPLs.

A simple shock used for the time being.
Linking to econometric model remains to be
done.

Data on corporate borrowers. Link the statistical office’s
database on individual companies and the Central Credit
Registry database.

Obtain access to the statistical office’s
database on individual companies and
the Central Credit Registry database.

12-24 months

Remains to be done.

Household credit. Strengthen monitoring of potential More data needed on household credit, | 9-12 months Remains to be done.
vulnerabilities arising from the rapid development of from the credit registry or internally.
banks’ exposures to households. Also, perform targeted on-site
examinations of banks’ risk
management practices in this area.
Indirect FX risk. Collect and analyze migration of loan Collect indicators relating to indirect 9—12 months For the time being, indirect FX risk modeled

quality and corporate debt indicators, in particular those
relating to indirect foreign exchange risk.

foreign exchange risk (e.g. NPLs by
currency denomination).

in a very simple way. Remains to be done.




RECOMMENDATIONS REQUIREMENTS TIMEFRAME STEPS TAKEN
Concentration risks. Consider including concentration Review if the current large exposure 9-12 months Remains to be done.
risks in the calculations. reports allow for aggregation of large

exposures across banks.
Survey lending practices. Consider organizing surveys of | Need to design the questionnaires. ECB | 9-12 months This is a new recommendation, not included
lending practices and publishing aggregate results. or US Fed can be used as example. in Cihak (2004).
Discrepancies in sectoral data. Work on minimizing the Long term. This is a new recommendation, not included
discrepancies between the aggregate data and the sectoral in Cihak (2004).
data used for the sectoral credit risk stress tests.
Market Risks in General
Worst case finder. For market risks, consider explicitly A software tool can be programmed 9-12 months Remains to be done.
identifying a “worst case scenario,” i.e. the combination of | (even in Excel) to identify such worst
risk factors that, for a given level of plausibility, minimizes | case scenarios.
the value of a portfolio.
Interest Rate Risk "
Size of the shock. Upward parallel shift in the yield curve - - Done. Needs to be reassessed.
by 3 standard deviations. Reassess from time to time using
the observed interest rate volatility.
Method. In the first step, follow the simplified method Improve the interest rate reporting 9-12 months A combination of gap and duration method
based on residual maturity data plus weights as proposed formats to better capture the potential used. Further work needed.
by the Basel Committee. At the same time, work on interest rate risk resulting from banks’
improving the interest rate reporting formats to better interest rate positions.
capture the interest rate risk resulting from banks’ interest
rate positions.
Maturity by currency. Consideration could be given to Would require residual maturity data 9-12 months Remains to be done.
differentiating the interest rate stress test by currency. That | for each currency.
would require residual maturity data for each currency and
specifying separate shocks to each of the currencies, based
on past correlation patterns.
Exchange Rate Risk "
Size of the shock. Depreciation by 3 standard deviations (1 - - Done. Needs to be reassessed.
percent confidence level). Consider including other sizes
of shocks for sensitivity calculations.
Foreign exchange (FX) options. Consider using the delta Would require estimating the deltas 6-9 months Remains to be done.

method for calculating FX options.

based on past exchange rate
developments.




RECOMMENDATIONS

REQUIREMENTS

TIMEFRAME

STEPS TAKEN

FX guarantees. Gather more information on the likelihood
of default on FX guarantees.

As supporting information, gather data
on the past performance of loans in
foreign exchange.

12—18 months

Remains to be done.

Other Risks

Interbank contagion. Put together a matrix of interbank
exposures. First, conduct a pure contagion test. Second,
conduct a contagion test linked to the macro stress test.

For each bank, collect its total
uncollateralized credit exposures to
each of the other banks in the interbank
market.

6—12 months

Partly done. A matrix of interbank exposures
was constructed from available data and the
tests were run. However, the data did not
include all exposures, only those above a
certain size.

Liquidity risks. Consider including liquidity risk modeling
in the stress tests.

Obtain and analyze data on depositors’
behavior during past periods of bank
runs.

12-24 months

Remains to be done.

Equity price risk. Consider including equity price risk in
the stress tests (relatively low priority given the limited
extent of banks’ investment in securities at present).

None at present. As banks become
more active in the market, monitor
developments in this area.

1224 months

Remains to be done.

Real estate price risk. Consider including real estate price
risk in the stress tests.

Compile a more thorough database on
real estate prices and exposures.

12-24 months

Basic data collected and a simple test
conducted. The recommendation stands.

! For indirect (counterparty) risk related to movements in interest/exchange rates, see credit risk.
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Apendix I

Survey of Stress Testing Practices in Czech Commercial Banks'®

Purpose of the survey

As a part of the research project on Financial Sector Stability and Central Banks, a survey of the
use of stress testing by banks in the Czech banking sector was conducted. The primary purpose of
the survey was to deepen the CNB’s knowledge of the stress testing methods used by commercial
banks. A good understanding of the stress testing techniques employed by commercial banks will
be particularly useful if the CNB decides to implement the recommendation of this report to move
towards an approach to stress tests whereby the CNB would send uniform scenarios to
commercial banks, and each commercial bank would calculate the impacts of the scenarios and
report back to the CNB, which would then aggregate the results. Such an arrangement could
usefully complement the stress tests done in-house at the CNB.

Stress testing methods are generally used for measuring the following risks:

— Market risks, which include interest rate risk, exchange rate risk, equity price risk, and
commodity risk. These risks reflect potential losses resulting from changes in prices of
financial instruments sensitive to interest rates, exchange rates, equity prices, or commodity
prices. All the risks have their specific features, e.g., the risk of changes in interest rates and
their volatility is accompanied by the risk of changes in the shape of the yield curve and the
risk of premature redemption of bonds.

— Credit risk, which is typically a key risk in banking business. It is the risk of loss due to
financial insolvency or unwillingness to pay of a borrower.

— Liquidity risk, which is the risk of loss due to a shortage of liquid funds.

Questionnaire evaluation

The survey was conducted using a questionnaire sent to 36 banking institutions (27 banks and 9
foreign bank branches) out of the 37 operating in the Czech banking sector as of December 31,
2002." Altogether, 30 institutions replied to the questionnaire (a response rate of 83 percent in
terms of the number of institutions). Two of these were excluded from the sample due to
bankruptcy in 2003. This adjustment brought the size of the survey sample down to 28 institutions
(covering 92 percent of the banking system’s total assets).

Overall, 19 of the 28 included institutions (68 percent as measured by the number of institutions)
applied stress testing methods; the remaining 9 did not use stress testing, but planned to do so in
the near future. All 19 institutions that conduct stress testing do so mainly for risk management
purposes. Furthermore, 13 institutions (68 percent) use them for management support, 11

'8 Prepared by Jaroslav Hefmanek and Eva Komarkova.

' The questionnaire was not sent to one mortgage bank that started operating only at the end of 2002.
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institutions (58 percent) for setting limits (in three cases this is done by headquarters), 5
institutions (26 percent) for capital allocation (in five cases by headquarters), 12 institutions (63
percent) for emergency planning, and 8 institutions (42 percent) for liquidity risk management.

As regards the periodicity of the stress tests, 10 institutions (52 percent of those conducting stress
tests) use stress tests for market risks on a daily basis. Eight institutions (42 percent) conduct
stress tests monthly. Only 2 institutions (11 percent) use them quarterly, and 9 declared other or
irregular periodicity (weekly, half-yearly, or yearly). For the banks that run stress tests for market
risks on a daily basis, it is also common to conduct other stress tests at a lower periodicity.

In their questionnaire responses, banks specified in more detail the scenarios and shocks used.
This is discussed in the next section.

Applied methods

The following are the main risk measurement methods used by Czech commercial banks for
market risks:

— VaR (Value at Risk) is a method based on the probability of deviation from anticipated
profit. Given the banks’ open positions, it calculates the potential losses arising to banks from
price volatility. In the Czech banking system, this method is very common for measuring
market risks. It is used by 12 institutions.

— Gap analysis is based on measuring the mismatch (“gap”) between interest rate sensitive
assets and liabilities. It is used for measuring interest rate risk and liquidity risk by 12 banks.
For example, one bank uses interest rate gap analysis under the name of the IRM (Interest
Rate Mismatch) method to assess daily gaps in its asset-liability profile.

— Duration analysis estimates the sensitivity of the value of a financial instrument (usually a
bond) with respect to change in prices (measured in time units). It is used by 7 banks for
measuring interest rate risks. A version of this analysis is used under the name of the BPV
(Basis Point Value) method by 6 banks to determine the direction of portfolio changes
whenever the price is changed by one basis point.

— “What if” scenarios present the sensitivity of a portfolio to hypothetical changes in the
shape of the yield curve, foreign exchange rates, equity prices, or commodity prices.
Typically included is a variety of price scenarios with different levels of plausibility
(realistic, less realistic, the worst possible). As of end-2002, such scenarios were regularly
used by one bank.

— MtM (Marking to Market) consists in the revaluation of an equity portfolio in response to
changes in market prices. MtM is used by 3 banks.

As regards credit risk, the banks used the following risk measurement methods: the EDF
(Expected Default Frequency) method, the LGD (Loss Given Default) method of credit
quality (used by one bank) and an IRB (Internal Rating Based) model (used by one bank). The
application of these methods is typically combined with the development and use of methods of
credit risk measurement within the New Basel Accord and internal ratings according to the new
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concept of capital adequacy. Banks have also used other, more bank-specific, methods of credit
risk measurement; however, none of these were linked to any stress tests.

The banks generally do not use more complicated stress testing methods with one or more
functional dependent variables. Nine banks use historical scenarios and eight banks use
hypothetical ones. Thirteen banks also use sensitivity tests.

The historical scenarios are based on the biggest relative growth and decline of interest rates
and exchange rates. The importance of a scenario is typically assessed regularly (every
month), the most important scenarios being those that could cause the biggest loss. Some
banks combine a number of scenarios to create an aggregate scenario based on maximizing
the resulting loss.

The hypothetical scenarios and sensitivity tests for interest rate risk are based on changes in
the yield curve (a change in the slope, a parallel shift, and an irregular move of the curve). In
some cases, shocks to the policy interest rate and developments in country risk and in the
exchange rate are mapped into scenarios of interest income and trading portfolio income.

In the building savings market, the assumed shocks typically relate to changes in the regulatory
conditions (e.g., the extent of state support, the term of notice, age limits), the number of new
clients, and the proportion of clients that save without applying for credit.

Conclusions

Overall, the results of the survey suggest that the Czech banking sector is at a relatively early
stage of developing its stress testing capacity. For market risks, banks have regular risk
measurement exercises, even though most of them use VaR-type models rather than stress tests.
For credit risk, banks apparently do not use scenarios and shocks to risk factors. The stress tests
do not allow for correlation between market risk and credit risk. Also, banks have so far not been
using vector autoregression models, Monte Carlo simulations (with the exception of two banks),
or other more sophisticated methods.
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