STRESS TESTS
a. Introduction

In recent years, stress testing has become onleofmbst important tools for risk
management. It is used by banks as part of thirmal risk management process and
by regulators to assess the stability of the sysdach to identify sources of risk. In
this context, the Bank Supervision Department edrdut stress tests in 2009 and also
estimated macroeconomic models for testing thealgyabf both the banking system
and individual banks and their sensitivity to riaktors.

The stress tests can provide a bank’s managers watimings of unexpected
negative results related to various types of risk aan give an indication of the
capital required in order to absorb losses in tagecof large shocks. They are a
supplementary tool to models such as VaR (Valurisit) and focus on exceptional
events. Thus, for example, while VaR reflects thg-tbday behavior of the market,
stress tests look at the performance of a portfoker “irregular” periods and
therefore provide information on risk outside tlamge captured by the VaR model
(Figurel).
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SOURCE: Committee on the Global Financial System.2005), "Stress Testing at Major
Financial Institutions: Survey Results and Practiceé' CGFS Publication No.24 (January).

The financial crisis that began in 2007 emphasthedmportance of stress testing.
The depth and perseverance of the crisis raisebtsl@mong regulatory authorities as
to the reliability of the stress tests used prithte crisis and their ability to adjust to
rapid change, since the results of the crisis wavee serious than those predicted by
stress testing. In May 2009, the Basel Committe®anking Supervision published



“Principles for Sound Stress-Testing Practices &upervision* (BCBS 2009)
following its investigation of the procedures usecdarrying out stress tests prior to
and during the crisis. Based on this investigatma in an effort to improve the
existing procedures, formal guidelines were devetofor banks and regulators with
regard to the goals and management of stress &ssteell as their implementation in
analyzing risk and specific financial products. Tdmcument required that, among
other things, the stress tests should cover thk'®aarious types of risk and areas of
activity while taking into account the interrelatghips between banks, in order to
provide a complete picture of the bank’s risk. Rerimore, the stress tests should
include scenarios that reflect a variety of eveand levels of severity, including a
series of macroeconomic and financial shocks, wihdlking into consideration
systemic interactions and feedback effects.

A study carried out by the Economic Unit of the BaBupervision Department
examined a number of scenarios that reflected iatyaof events, including scenarios
that examine the effect on the banking system abléapse of a large group of
borrowers, and which analyze the ability of theKsato meet their capital adequacy
targets for 2009. In addition, macroeconomic stre=sts that link a system of
macroeconomic factors to the banking system’s tresk were also carried out. The
scenarios and model presented below reflect ontygbdhat study.

a. Stress scenarios
(1) Credit risk

The bank credit portfolio

Sensitivity tests confirm that of the various rfaktors, the effect of the realization of
credit risk on the stability of the banks is thegkst. We therefore analyzed the effect
of a deterioration in the quality of credit on tbss rate of the capital base. In order to
do so, we tested a scenario involving an increagbe proportion of balance-sheet
credit to problematic borrowers within total credit the public to a level of 10
percent, where it was in 2002. The assumptions rywdg this scenario are as
follows: 1) Total non-performing creditwhich is the most problematic type of credit,
has been recognized as a loss; and 2) the othgyarmnts of problematic credit have
been patrtially translated into losses at a rateetiveen 10 and 60 percent according
to level of severity. These assumptions are equivalent to a ratio ofi@noan-loss
provision to total balance-sheet credit that ranfyesy 2.7 to 5.2 percent for the
various banks. The planning of the scenario wagdas the assumption that in a
slowdown the risky borrowers are those that willp@xence the most serious
difficulties. In the tested scenario, it was fouth@t the loss rate from the banking
system's capital base was estimated at about 2@rmieThe results of the scenario

!In January 2010, the Bank Supervision Departmesitidiited a translation of the document as part of
its efforts to upgrade the systems for the manageofeisk, auditing and corporate government.

2 According to its share of total credit to the pabii December 2002.

® Rescheduled credit was weighted by 60 percentjtaretked for rescheduling by 40 percent, credit
in temporary arrears by 30 percent and credit usghecial oversight by 10 percent. The result is
equivalent to an average loss rate of about 4Cepénf total problematic debt.



show that the capital adequacy ratio remained abwveequired minimum for all the
banking groups.

We would emphasize that Israel's past experientie evises is relatively limited
and that an examination of financial crises in ptheuntries shows an average
increase of about 10 percentage points in the ddtioon-performing loans to total
balance-sheet credit about one year following thsiscand an average rate of
recovery of about 60 perceht.

Housing credit

The dramatic reduction of the Bank of Israel indénate and the sharp rise in the
proportion of variable-interest unindexed loanshinttotal housing creditincreased
the exposure of the banks to an increase in tleeafainterest. Although borrowers
who took out variable-interest unindexed loans entty enjoy a small debt burden,
they are exposed to an increase in the Bank oélisage of interest, which is expected
to occur gradually given its current low level. Téfere, we examined the effect on
the debt burdenof an increase in the rate of interest on variatterest unindexed
loans. The results showed that an increase of dpatcentage poirftin the interest
rate to 7 percent increased the debt burden byetdeptage points to 44 percent,
similar to the level in 2003. Such an expansiothefdebt burden is expected to bring
about an increase in the loan-loss provision duetesing credit.

During the last two years, housing prices haveeased significantly in Israel
following a long decline over a period of 10 yeaaad some of the purchases and
transactions involve apartments for investment pseg. In Israel, the average loan-
to-value ratios (LTV) and the average debt burdenl@aw relative to accepted levels
in the developed countries. Nonetheless, the @@z of a scenario involving a
significant drop in housing prices together witllecline in household income will
likely lead to the sale of apartments at priceselotihan the mortgages taken out for
their purchase, and hence to an increase in therhkiges of the banks from their
housing credit portfolios. However, we do not fees direct threat to the stability of
the banking system from the realization of suchemario.

* It should be mentioned that the scenario doesaket into account the directive of the Supervisor of
Banks regarding the adoption of a core capitaletaaf not less than 7.5 percent, which will go into
effect from December 31, 2010.

®IMF Country Report No. 08/63 "Israel Selected IssuéMF (2008).

® The proportion of variable-interest shekel loanached a record level of 77 percent in February
2009.

" The debt burden is defined in this context as trexage proportion of repayments on housing loans
within average income, which was calculated onbihss of the average original period to maturity, a
average rate of interest, an average-sized holsamgy and taking inflation expectations into acdoun
Average income was calculated on the basis oftheage real wage per salaried post.

8 According to Bank of Israel Research Departmernitreses (based on the DSGE model) of the Bank
of Israel rate of interest for the end of 2011ewel of 6 percent is located in an area that co@érs
percent of the distribution of the expected ratantérest, or in other words, an increase of atout
percentage points relative to its current levellgtion Report, Fourth Quarter 2009).



(2) Interest raterisk

Testing was carried out for the effect of a 300idhasint shift upward in the yield
curve of the unindexed segment and a 200 basis$ ghifh upward in the indexed and
foreign currency segments. The scenarios includag the direct effect on the
banking system and did not include any indireceeff, which may be significaht.
The results of the scenario indicate a loss ofoughiout 2 percent of the capital base
for some bank&’

(3) Exchangerate risk

The effect of a 20 percent depreciation in the BI&change rate was examirtéd.
The direct effect of a change in the exchangeaatthe banking system’s losses was
found to be negligible (about 1 percent of the lrglsystem’s capital base). The
reason for this is the policy of the banking systermaintain only small positions in
the foreign currency segment. In contrast, thera@udieffect on the risk components
and on capital adequacy was found to be non-néggigi

Box 3.2
Macroeconomic stress testing for credit risk

Macroeconomic credit risk models link a system acroeconomic factors to the
probability of default and are used to carry ouest testing. However, these models
use historical statistical relationships to forédhe development of risk in the future
and therefore their ability to capture exceptioredponses is limited, particularly
when they are based on a long period of stabilitius, notwithstanding the
importance of using macroeconomic models, they Ishoot be relied on exclusively
but rather should be used alongside stress testaigeflects a variety of events and
levels of intensity, as described above.

Macroeconomic stress testing is a multi-stage m®¢€igure 2). The first stage
involves choosing an external shock (Stage 1). Aroeconomic mod# is then
used to estimate the effect on macroeconomic Vesgstage 2). An example would
be a test for the effect of a sharp drop in GDRhaninterest rate and the exchange
rate. Since macroeconomic models do not usualljpdecfinancial variables, it is
necessary to add a satellite model to the progdssh will link the macroeconomic
variables to the financial variables, particulattypse that describe the quality of the
credit portfolio (Stage 3). The two models combicad be used to estimate the effect

° An increase in the nominal rate of interest rathesreal rate of interest and makes it more difficu
for borrowers to pay back their debts and to obtaénw credit. In general, there is a positive
relationship between a high rate of interest aedictosses.

°The scenario that was tested involved an increatieeirate of interest and therefore the threattwas
banks with a positive adjusted duration.

A depreciation scenario was chosen since the paositf most of the banks in the foreign currency
segments was negative as of December 31, 200%harefdre they were exposed to a depreciation.
12Such as models used by central banks to carry aataaconomic forecasts or models such as vector
autoregression (VAR) or VEC (vector error correa}io



of an external shock on the credit portfolio, oe thank’s losses and on its capital
(Stage 4).

Figure 2
Credit risk — a typical macro stress testing proces
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SOURCE:

Cihak, Martin, 2007 a, "Systemic Loss: A Measure of Fiancial Stability,” Czech Journal of
Economics and Finance (Finance and Credit), Vol. 5Z-2).

Antonella Foglia, 2008. "Stress testing credit risk: asurvey of authorities' approaches," Questioni di
Economia e Finanza (Occasional Papers) 37, Bank of Iya Economic Research Department.

As part of the Bank Supervision Department’s wonkstress testing, we estimated
a macroeconomic credit risk model based on Wilsantdel*® which links the
system of macroeconomic variables to the probgbidft default* and is used for
stress testing. The model was tested for the bssisector and for the construction
and real estate industry and included the followiagables:
e In the business sector: changes in the Composie-8f-the-Economy
Index!® changes in the Bank of Israel real rate of intea@sl changes in the
Tel Aviv 100 Index:®

3 The model was initially developed for McKinsey & Cand is known as the Credit Portfolio View.
See:

Wilson, T.C. (1997a). “Portfolio Credit Risk ()Risk, vol. 10, issue 9, pp. 111-17.

Wilson, T.C. (1997b). “Portfolio Credit Risk (I)Risk, vol. 10, issue 10, pp. 56-61.

14 A company was defined as being in default if a blaa& created a provision for doubtful debts for it.
The probability of defaultRD) for each quarter was obtained by dividing the hamof companies
defined as being in default by the number of cormgmactive during that period.

5 The Composite Index is a synthetic cyclical indicgor determining the direction of real economic
activity in real time and is calculated on the basi the monthly change in seven components that
represent various aspects of real economic actittity Index of Manufacturing Production, the import
of consumption goods, the import of production ispthe revenues from commerce and services, the
number of salaried posts in the business sectmexport of goods (without agriculture, fuel, diarde

and planes and ships) and the export of servioesi§tn, computers and information, communications,
insurance and other business services).

'8 The macroeconomic variables chosen are similandee commonly used by many other regulatory
authorities. For a survey of the macroeconomicitrésk models used by regulatory authorities world
wide, see: Foglia Antonella (2008). "Stress testingdit risk: A survey of authorities' approaches,"
Banca d'ltalia, Banking and Financial Supervision.



¢ In the construction and real estate industry, twadebs were estimated: an
“output” model which included total output in thersstruction industry and
the rate of change in the rate of interest andhbasing prices” model which
is used to analyze the effect of changes in houpimges in Israel on the
probability of default in the industry.

In addition, we considered a number of widely-ussatlels from the literature in
order to estimate the relationship between a bdokses due to credit provided to the
household sector and the economic environmentgusigregate data on the sector’s
credit risk’® Also tested was the effect of changes in the o&tenemployment and
changes in the public’s portfolio of financial assen the ratio of loan-loss provision
to total non-housing credit to private individuéds the five large banking groups.

The results obtained from all the estimated modhtsw that the average capital
adequacy ratio for the banking system remained etize required minimurt,

7 Since housing prices in the model that includestiestruction industry’s total output and the rafte
change in the real rate of interest were not fotmte significant, the effect of housing prices was
estimated separately.

18 This was in order to differentiate it from anothvetely-used approach for estimating credit risk in
the household sector which makes use of modelgiliasspecific information on borrowers.

191t should be mentioned that this scenario doesakat into account the directive of the Supervidor o
Banks regarding the adoption of a core capitaletaod no less than 7.5 percent, which will go into
effect on December 31, 2010.



