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I. INTRODUCTION

Imagine you are an official at a central bank or supervisory agency with responsibility for
monitoring financial stability, when you get a call from your Governor or from the head of
your agency informing you that you have to “stress test the financial system.” What does this
mean? What is involved? Where does one begin? This paper is intended to provide guidance
on what to do “when the Governor calls” and answer some of the basic questions that may
arise as part of the process of stress testing a financial system. The paper does not focus on
the technical aspects of stress testing but is intended as a reference for officials who find
themselves in search of guidance at the beginning of the process.

This paper is structured as follows. Section II begins with a discussion of stress testing in a
financial system context, highlighting some of the differences between stress testing designed
to identify systemic weaknesses and stress testing of individual portfolios. Section I1I
provides an overview of the process itself, from identifying vulnerabilities, to constructing
scenarios, to interpreting the results. Section IV draws on the experience of the IMF in
conducting stress testing as part of the Financial Sector Assessment Programs (FSAPs), and
Section V concludes.

II. A BRIEF OVERVIEW OF STRESS TESTING

A. Why Do A Stress Test?

Stress testing a financial system can be a resource intensive process, so it is reasonable to ask
the question: Why should a country undertake such an exercise? Countries that have
completed the process often cite numerous benefits. Financial system stress tests provide
information on the behavior of the system under exceptional but plausible shocks, helping
policymakers to assess the significance of the system’s vulnerabilities. As noted in IMF and
World Bank (2003), the value added from system stress tests derives from a consultative
process that integrates a forward-looking macroeconomic perspective, a focus on the
financial system as a whole, and a uniform approach to the assessment of risk exposures
across institutions. System stress tests can complement stress tests conducted by individual
institutions, and act as a cross-check for other types of analysis. The information provided by
system stress tests can also help to identify weaknesses in data collection, reporting systems,
and risk management. The process itself can help to increase expertise in risk assessment by
supervisors and the institutions involved, and promote cooperation and a broader
understanding of risks by different regulatory institutions. In turn, this can contribute to a
better understanding of the links between the financial sector and the macroeconomy.

*For a broad overview of stress testing, see Blaschke and others (2001). See Laubsch (1999,
Ch. 2) for a general discussion of the motivation and design of stress tests.



B. What Is a Stress Test?

“Stress testing” is a term that comes with much mystique. In individual financial institutions,
the term describes a range of techniques that attempt to measure the sensitivity of a portfolio
to a set of extreme but plausible shocks (see Box 1). Put more simply, a stress test is a rough
estimate of how the value of a portfolio changes when you make large changes to some of its
risk factors (such as asset prices). We use the term rough estimate to avoid the perception
that stress testing is a precise tool that can be used with scientific accuracy. Stress tests are
simply an analytical technique that can be used to produce a numerical estimate of a
particular sensitivity.3 The stress testing process, however, is more than just applying a set of
formulas to spreadsheets of numbers, but involves a series of judgments and assumptions that
can be as critical to producing meaningful results as the actual calculations themselves. Each
assumption, aggregation, or analytical approximation made in the process can introduce wide
margins of error to the results, and so much care should be taken in their estimation and
interpretation.

Stress tests were originally developed for use at the portfolio level, to understand the latent
risks to a trading book from extreme movements in market prices. They have now become
widely used as a risk management tool by financial institutions. Gradually, the techniques
have been applied in a broader context,” with the aim of measuring the sensitivity of a group
of institutions (such as commercial banks) or even an entire financial system to common
shocks. The concept of a system stress test is quite an abstract notion, since it is not always
clear what is meant by “the system,” nor is it clear that the dynamics or properties of a
financial system can be described adequately by a single model or balance sheet. The concept
of a firm-wide measure of risks is still not well developed, let alone a measure of risk for an
entire financial system. Most stress tests applied at the “system level” are really only
performed on a subset of institutions (typically banks), and often ignore the complex
institutional links that are inherent in any financial system. Thus it may be more appropriate
to describe stress tests of a financial system as “system-focused” stress tests, to acknowledge
the limitations inherent in undertaking such an exercise.

3As noted by the Committee on the Global Financial System (2000), stress tests estimate the
exposure to a specific event, but not the probability of the event occurring. Thus they can
provide information on how much could be lost under a given scenario, but not how much is
likely to be lost.

*See IMF and World Bank (2003) for details of how stress tests have been used to analyze
vulnerabilities at the level of the financial system, and Box 8 of this paper on the use of stress
tests at the IMF.



Box 1. Stress Tests: A Primer

At its simplest, a stress test is a way of revaluing a portfolio using a different set of assumptions. The
object of a stress test is to understand the sensitivity of the portfolio to changes in various risk factors.
The assumed changes in risk factors are usually made large enough to impose some “stress” on the
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portfolio.

Stress tests can be applied to both the asset and liability sides of a portfolio. They can be used to assess a
variety of risks, including market risk (the possibility of losses from changes in prices or yields), credit
risk (potential for losses from borrower defaults or nonperformance on a contract), and liquidity risk (the
possibility of depositor runs or losses from assets becoming illiquid). For example, instead of valuing a
portfolio using current market values for interest rates, foreign exchange rates, and equity prices, a stress
test could involve valuing the same balance sheet using a different set of market prices. More complex
stress tests involving multiple risk scenarios or changes in the macroeconomic environment still amount
to the same thing: revaluing a portfolio under a different set of assumptions.

Stress tests can involve changes in almost any aspect of a portfolio, including the prices used to calculate
market values; as well as the duration, liquidity, default rates, and recovery rates assumed for the
portfolio. Stress tests can also be used to examine the impact of changes in the operating environment
beyond changes in these parameters. For example, stress tests can be employed to assess the impact of
changes in prudential regulations, stricter enforcement of provisioning rules, or a different accounting
treatment of allowable capital.

Stress tests usually produce a numerical estimate of the change in value of the portfolio. This change in

value is often expressed in terms of the impact on some measure of capital, to understand the sensitivity
of the net worth of the institution to the risk being considered.

1/ See Illing and Liu (2003) for a discussion of how to measure stress.

System-focused stress tests, as the name implies, have several important differences with
portfolio-level stress tests. The ultimate intent of system-focused approaches is different, as
they aim to identify common vulnerabilities across institutions that could undermine the
overall stability of the financial system. The focus is also more macroeconomic in nature, as
the investigator is often interested in understanding how major changes in the economic
environment may affect the financial system. A second difference between system-focused
and portfolio-level stress tests lies in the complexity and degree of aggregation. System-
focused stress tests may involve aggregation or comparison of more heterogeneous
portfolios, often based on different assumptions and methods of calculation. This requires
adding or comparing “apples” and “oranges” to a much greater extent than is the case for a
single institution’s portfolio.

System focused stress tests are not intended to replace the regular stress testing done by
individual financial institutions. Instead, they are designed to complement them with a
broader understanding of the sensitivity of the overall system to a variety of shocks, and to
leverage the existing expertise found in different institutions. System-focused stress tests can
be classified according to two types: simultaneous stress tests of multiple portfolios using a



common scenario, or a single scenario applied to an aggregated portfolio or model of the
entire system.” Constructing an aggregated portfolio or model with sufficient detail is often
an arduous and complex task, and so typically most system-focused stress tests have adopted
the first approach of applying a common scenario to a variety of institutions.® This approach
has the advantage that it provides information on the overall impact of shocks as well as their
distribution throughout the system, which can be useful for understanding the potential for
contagion and confidence effects on stability. If data availability allows, conducting both
types of tests—on an aggregated portfolio as well as on individual portfolios—will provide
the maximum information on a system’s vulnerabilities.

III. THE PROCESS

As discussed above, system-focused stress testing is best seen as a process: part investigative,
part diagnostic, part numerical, and part interpretive. Ideally, this process begins with the
identification of specific vulnerabilities or areas of concern, followed by the construction of a
scenario in the context of a consistent macroeconomic framework. The next step is to map
the outputs of the scenario into a form that is usable for an analysis of financial institutions’
balance sheets and income statements, then performing the numerical analysis, considering
any second round effects, and finally summarizing and interpreting the results. Each stage of
the process is important to understanding the sensitivity of a financial system to a particular
shock or vulnerability. These stages are not necessarily sequential, as some modification or
review of each component of the process may be desirable as work progresses.

The following subsections describe these key stages of the stress testing process in more
detail, with the intent of providing better understanding of what is involved and how one
goes about implementing them. It also discusses the required skill mix and organizational
structure to conduct a stress testing exercise.

A. Identifying Vulnerabilities

The first stage in the stress-testing process is the identification stage, where the analyst
identifies the main vulnerabilities s/he is interested in understanding. Narrowing the focus of
the exercise permits a more refined analysis, since it is unrealistic to attempt to stress every
possible risk factor for a portfolio or system. Focusing on the weak points in a financial
system enables the researcher to tailor the stress testing exercise more effectively, and thus
permits a richer understanding of inherent vulnerabilities, and a more effective use of time
and resources.

>System-focused stress tests can also take the form of sensitivity tests, where only a single
risk factor is shocked. In this paper we focus on scenarios, but sensitivity tests can be
considered in the same framework as a one-dimensional scenario.

%A notable example of the aggregate approach is Elsinger et al (2002), who develop a
network model of interbank exposures to take into account feedback between individual
banks and potential domino effects from bank defaults.



Isolating the key vulnerabilities to stress test is an iterative process involving both qualitative
and quantitative elements. System-focused stress tests can make use of a range of numerical
indicators to help isolate potential weaknesses, including the “big picture” or macro-level
indicators, broad structural indicators, and institution-focused or micro-level indicators.
These measures should be seen as providing complementary information on potential
vulnerabilities. This process may be facilitated by drawing on a range of expertise in the
context of a dedicated working group (see Box 2). Annex I also provides further details on
data requirements.

Box 2. Using a Working Group to Coordinate the Process

The process of stress testing a financial system involves many complex interactions between a variety of
different specialists. To facilitate and coordinate the overall process, it is often helpful to establish an inter-
disciplinary team or working group across the range of relevant institutions and departments involved. The
working group can act as a forum for discussion of the numerous issues that may arise, and coordinate the
collection of necessary inputs. While the exact composition of a working group will vary with the institutional
structure and location of relevant skills, some general guidance can be provided on the types of expertise that
could prove helpful.

On the supervisory side, it is often useful to include supervisors with expertise in some of the following areas:

e Data collection and analysis, to provide input on the identification of vulnerabilities (e.g., an analyst from
the early warning systems team or off-site supervision);

e Internal risk models, to assist in the numerical calculations or their interpretation (e.g., if financial
institutions provide estimates for their own portfolios);

e  Ons-site supervision, to help identify weaknesses and to provide counterparty contacts at financial
institutions;

e Conglomerate supervision, if financial conglomerates have a large presence in the financial system;

e Nonbank supervision, if nonbank institutions (e.g., insurance companies) play a significant role in the
financial system or represent a significant vulnerability;

e Accounting and balance sheet analysis.

On the macroeconomic side, it may be helpful to include representatives from the macroeconomic modeling or
forecasting team, to assist in the preparation of scenarios and the macroeconomic framework. If a macro-
econometric model will be used, then someone with in-depth knowledge of the workings of the model could be
helpful.

Once a working group is established, it can meet periodically to provide input on the design and execution of
the stress tests, while various sub-groups can meet at a more technical level on a more frequent basis. It is
important to note that cross-disciplinary and cross-institutional involvement is crucial to ensuring that the stress
testing process is well understood, is appropriately implemented, and provides useful insights. In particular,
contacts and discussions with banks on stress testing can be helpful.

Macro-level indicators

Knowledge of the broader macroeconomic environment will provide an overall context for
the performance of the financial system and indicate potential sources of shocks.
Understanding the macroeconomic picture aids the understanding of what is “normal” for an
economy, with respect to its own history and in comparison with other countries. This




information provides a useful metric for understanding potential sources of shocks, since key
macro and financial variables that are the most volatile, misaligned, or out of equilibrium are
often the most susceptible to major shocks or realignments. This analysis can also inform the
macro simulations described later. Such an analysis can make use of data on the following
sectors of the economy:

o The real sector, such as the growth performance of the economy relative to potential,
growth rates for consumption, investment, and incomes; unemployment rates;
inflationary pressures on consumer, wholesale, and asset prices. For the household
and corporate sectors: measures of indebtedness, leverage, income growth, and debt
servicing ability.

o The government sector, using indicators of the relative magnitude of the government
deficit, debt stock, and associated debt sustainability; the size of the present fiscal
impulse; and how the government budget is financed.

o The external sector, using indicators of the magnitude of the current account deficit,
official reserves, and how the deficit is financed; the relative size, maturity structure,
and currency composition of external debt; the extent of exchange rate misalignment
and whether there are any pressures on the exchange rate.

Structural indicators

A variety of indicators of the structure of the financial system can provide important insights
into the location of risks in the financial system:

J Ownership and market shares, by institution and by type of institution identifies
linkages between different components of the financial system, and helps identify
systemically important institutions and sectors. This data could include total assets or
profits, broken down by bank or other institution, as well as by sector.

o Balance sheet structures, derived from aggregate financial statements can indicate
significant exposures to particular classes of assets and liabilities or income sources.
This information can be analyzed by type of financial institutions (e.g., for the
banking system, for insurance companies, for other nonbanks) as well as over time to
indicate areas of concentration or accumulation of risks. Such aggregated information
can be used to analyze growth rates of credit by various types of institutions and to
different sectors, in conjunction with a variety of financial soundness indicators.

o Flow-of-funds accounts can provide insights into major changes in the patterns of
intermediation in the economy, and trends in fund raising by different sectors and
instruments, which can help identify key sectoral vulnerabilities.

Qualitative information on the institutional and regulatory frameworks that govern financial
activities can help to interpret developments in a range of indicators. Discussions with



supervisors and regulators, private-sector analysts, and market participants can also be quite
revealing as to the likely sources of vulnerability in a financial system. This type of
information is often anecdotal in nature, which may make interpretation difficult, but it can
provide important context to an assessment of potential financial sector vulnerabilities and
form the starting point for more quantitative assessments of vulnerabilities.

Financial soundness indicators

In addition to using the broad macroeconomic context and structural indicators, we can use a
range of financial soundness indicators (FSIs) to narrow the focus and understand the
financial system’s vulnerability to shocks and its capacity to absorb the resulting losses. The
analysis of FSIs can be informed by the information gathered from the macroeconomic and
structural indicators discussed above. These indicators are more “micro-level” because they
are typically derived from data on individual institutions or sectors. The health of the
financial sector can be analyzed by looking at levels and trends in FSIs—typically of capital
adequacy, asset quality, profitability, liquidity, and exposure to market risks. The

IMF (2003a) has developed a core set of FSIs covering the banking sector, reflecting the
central role of the banking sector in many financial systems (Table 1). These FSIs are
considered essential for surveillance in most financial systems, and thus serve as a small
common set of FSIs across countries. Also, the data to compile these FSIs are generally
available. An encouraged set of FSIs covers additional FSIs for the banking system as well as
FSIs for key nonfinancial sectors, as weaknesses in these sectors are a source of credit risk
for banks and, thus, help to detect banking sector vulnerabilities at an earlier stage (Table 2).

Interpreting developments in FSIs presents particular challenges, because they are a new
body of statistics in which compilation and analytical experience is often limited. In using
FSIs to identify financial vulnerabilities, the following considerations should be kept in
mind:’

o FSIs for specific peer groups and associated measures of dispersion should be
monitored to identify common vulnerabilities and concentration of risks.

J Ideally, FSI data series should extend back to cover at least one business cycle to
facilitate interpretation of current FSIs.

o Data underlying the FSI ratios (both numerators and denominators) should be
reviewed to gauge the source of inter-temporal movements in the ratios.

o Close attention should be paid to definitions and treatment of accounting and
consolidation issues (across borders and within business groups). The general
reliability of the data used to construct FSIs should also be assessed.

"IMF (2003a) provides detailed guidance on these issues.



-10 -

-aamonys dnoig 10 ‘saur] SSaUISNq ‘[0TU0D U0 Paseq SA110503ed JUAIIp ul padnoid oq Aew osay [, /]

[ojewusIua AoUdLINo USI010] SOINSBIN

sysodap uo uni g 10 Surpunj Jo s90IN0S
JONJBW O} SSSOIO. JO SSO[ 0} J0J99S A} JO AN[IRIOUINA O} SISSASSY

sSuruIes uoyeom SSUAdxo JSAIGIUIIOU YOIYM 0] JUIIXS SOJBIIPU]
$9SSO[ qI0sqe 0} 9d0ds pue SWOJUT JSAIAUI 19U JO ddue)IodWI S)LIIPU]

orjopiod josse pue
ueo[ Jo [e31ded 0} SAIIR[AI SISSO] J9SJJ0 03 SurtIed 103 9d0os Sassassy

JSL X, 01 aansodxyg

Aypmbry
Anpqeyyord/sgurureyq

Annqeigoxd/sguruaeq

Annqeyyord/s3ururerq

endes 03 93ueyoxd udra1oy ur uontsod uado JoN

SONI[IqeI] WI)-1I0YS 0} s}asse pinbr
$19SSE 810} 01 S19sse pibr

Qwoour $s0I3 0) SasUAdXa 1SAINUIUON
QWIOOUT SSOI 0} UL3IBU 1S9IU]

Kymba uo w3y
S19SSE U0 uInjoy

$10300s Je[noned 0} SUOILIUAOUO0D 2INS0dXd SOIUAP] Kyrenb jossy SUBO[ [€10} 0} SUBO[ JO UOUNQLISIP [BI0IIAS
sueo[ syueq Jo Ajenb 1paIo oy sejedIpu] Ayrenb jossy SuBO[ $s013 [€30} 03 sueo] SuruaojraduoN
Tendes 03 oAnjE[OI
papasu aq Aew jey) suorsiaoid [euonippe Jo azis [enuajod sajesrpuy Koenbape 1ende) (eydes 03 suorsiaroid Jo 1ou sueo| FururojrdoduoN
$)asse PaYYSIom JSLI 0} SALJR[L
‘sSururea paurejay/Aymba sapjoyareys se yons [eyrdes Lrjenb 3soySry Aoenbape 1enide)  sjosse pajy3rom-ysiut 03 [eydes [ 1911, K101e[N3Y
suteS [ejrdeo pozi[eaIun ‘S}paIo Xe) ‘1qap PIjeuIpIoqns Se yons ‘sossof
1surege uonoajoid ssof Jura1d sway Surpnjout [e3rded Jo 2INSLIW prOIg Koenbape 1ende) s1osse pajySrom-ysut 03 eydes K10jen3oy
/[ suonnjisul Suryvj-jisoda(
JuAWIWo)) SoJROIpU] I03BOTIpU]

SI0JEDIPU] SSAUPUNOS [BIOUBUL] JO 1S 210D ' 9[qeL



-11 -

"JUBAQ[QI PUE O[qR[IBAE QI9YM PIPpe oq At

10399S PIOYASNOY] pue 2)e10dI09 Y UO UOTJRULIOFUT JO ‘J0JOIS QOURINSUT OJI] ) UO BIeP ‘(AOUd1md uSr1o10 ur soydjewsiua A)unjew ©5'9) vjep 1097s 20uL[eq [RUONIPPE SE YONS SI0JEdIPUT IO /4
‘sjoxIew 23ueyoXd UFI210] Sk yons ‘ANpinbif yueq 0) JUBAI[AI JSOW Ik JRY) SINIRW JAYIO U 10 /¢
-aamonns dnois 10 ‘saur] ssoursng ‘dIysIoumo uo paseq soL10393ed JUAIPGIP ur padnoid oq Aewr asay [, /7

"JUBAQ[QI PUE O[qR[IBAR QIAYAN /]

/f SI01BIIPUI SSOUPUNOS [EIOUBUL) JO 1S PaSeInoous oy Jo Jed A[[eunio] J0u dIe Jey) SI0JedIpul JUBAJ[AL JOYIO

103095 9JE)SA [0 [BIOIOUIWOD A} 0} INS0dXd  $yULq SAINSLIA
103995 9))S9 [B31 [BIUAPISAI 0} dInsodxo  SyUeq SINSLIIA
OB 91L)SO [BAT ) UT SPUAL} SOINSBIIA

JosjIeW SANLINOAS Ay} ul Aypinbiy sajeorpug
193)IBW SANLINGAS A Ul AJIpInbiy seyearpuy

syuowAed 1qap 119y} 10A0D 03 AJI[IQE S, PIOYISNOY S)BIpU]
SYO0T[S 0} A[QBIAUINA IO ST J0JIS P[OYISNOT PATLIdAS] ATYSIY B ST JIPAIO JO UOTJROIPUI UB SOPIAOIJ

SSaNSIp 103035 9)e10dI09 sa)eOIpUL

SIUSUIDAOU 1.1 AFUBYIXA 0] AJI[IqRISUINA S[EIAY

syuowAed [ediourid pue 1sa193ul Aq PIONPAT 1B SISSO] JOA0D STUTUIED YOIYM O} JUIXS SOBIIPU]

SOSSO[ JOA0D 0} J[qE[TBAR 2B STUIUIED [OIYM O} JUIXD SOIBIIPU]

SYO0US 0} A[QBIAUINA JIOW SI 103935 )eI0d100 PaFRISAI] A[YSIY © 99UIS JSLI JIPIIO JO UOTIBIIPUI SOPIAOI]

J10J09S [RIOURULY OU} UIY}IM 90URdIUSIS Puk 9ZIS S8)edIpuf
10J99S [RIOURULY AU} UIY}IM QOURDIIUSIS PU. 9ZIS SOYeIIPU]

syuowoAow 9911d A3nbo 03 2Insodxd saInseaj

UOTJEZLIB[[OP JO JUSIXD SOINSBAIN

SIUQWIOAOW )BT 9FULRYOXS WOIJ SOI[0J110d UBO[ 0} JSLI SOINSLIA

s)1s0dop JOW0ISND 0) SSOOJ. JO SSO] 0 AN[IQRIUNA O} SISSISSY

JONTBW YUBQIOIUT oY) UL SYSLI A112d10junod Jo 103ed1pur JosHIeIN

peaids 9yer 3s193u1 Y3 Uo sSuruIed Jo dduspuadop pue 10399s Jurjueq ul UONIAAWOD JO [9AJ] SABIIPU]
s3uruIes soonpal sasuadxs 3saIoIuIUIOU YIIY YOIyM 0 JUSIXD Y} SAJedIpU]

Jwodur Jurper) uo dudpuddop oy} sajedIpu]

SOATJBALIOP 0} 2InS0dXd JO J0JeOIPUI OPNID B SIPIAOI]

SOATJBALIOP 0} 2Ins0dXd JO J0JeOIPUI OPNID B SIPIAOI]

91e)$9 [ea1 0] dInsodxyg
9)e)S9 [ea1 0} dInsodxq
soo1d 91e)s9 [Bay

Ayrpmbry
Aypmbry

Kyoedes 9014198 199
ogeronoT

sorydnnjueg

ys11 a3ueyoxs uS1010,]
Kyoedes 901419 1goq
Anpiqeyjord/sSurureq
oge10A9T

azig
az1g

st joyTewr Aynbyg

ys11 oFueyoxd ugo10,4
ys11 a3ueyoxd US1010,]
Aypmbry

Ayrpmbry
Aynpiqeyjord/sSurureq
Aynpiqeyjord/sSurureq
Annqeygord/s3urureq
SOAIIBALISP 0} 2Insodxq
SOAIIBALIIP 0} 2Insodxq

SUBO[ [£10) 0} SUBO[ 9J)SO [ED1 [BIOIOUIWO))
SUBO] [£10) 0} SUBO[ 0J)SI [ [ENUIPISIY
soo11d 91e1so [eoy

S1oyADUW 2JDISI [DIY

/€ JO[IBW SOIILINOSS AU} UI 01l JoAouIN) A[1ep 9SeIoAy
/€ Jd[JeW SOIILINOSS A Ul pealds yse-piq oSeIoAy
Apinbiy 1230

owoour 03 syuowAed [edrounid pue 991AI9S )qap PlOYISNOH
ddo 01199p pjoyasnoy

spjoyasnogy

S1031pa1d woyy uonadjoid 10y suonesrdde Jo roqunN
Kybs 03 arnsodxs o3ueyoxd ura10J JON

sasuadxa [edrournid pue 3sa1ojur 03 sSurureq

Kymba uo urmoy

Kymba 03 1q9p [e10,

A0]22S 2JD40d.10D [PIDUDUT[UON

daon 03 $ssy
$)oSSE WO)SKS [EIOUBULJ [€)0) O} SJOSSY
suoyn.10d.102 [p12uvUL 12Y]0)

Tendes 03 sanmbo ur uonisod uado JoN

SONIIQET] [10} 0} SANI[IQRI] PAJBUTOUIP-AIUILIND USTAIO]
SUBO[ [€10) O} SUBO| PAJRUILIOUIP-AOUILIND USIAI0

SueO[ (YULQIOIUIUOU) [€10) 0) S)Isodap Jowolsn))

QeI JUBQIOIUI }SIMO] pue ISAYSIY udamiaq peardg

sojel J1sodop pue JUIpud| 20UAIRJAI UGIMIRq peards
SosuUAdXa $210JUTIOU 0] SASUAAXD [QUUOSID

QUIOOUI [}0) 0) SWOdUT FUTPLI],

Tendes 01 saAneALIOp [RIOURUY UT UONISOd AJIJIQeI] SSOID)
Tendes 01 soAneALIDp [RIOURUY UI UONISOd JassE SSOID)

wRIsAs Sunjueq 9y} Aq SALNUNOD Je[nonied 0] SUOIBIIUIOUOD AINSOdX JIPAID SAYUIP] Ayenb jassy Sueo[ [30} 0} Sueo] Jo uonnquysip [edryder3oan
SI0MO0110q 931e] 01 2INS0dXd JIPAID SIYIIUIP] Ayijenb jossy Tendes 0y sarnsodxa agre|

$9$S0] 10J JoJJnq © SI yorym Aoenbape [ejides jo ainsesw peoig Koenbope [ende) sjosse 0} [eyide)

/T suoynipsul 3uryvi-jisodaq

juawao)) SajedIpuj /T J03ed1IpU]

SI10JBJIPU] SSOUPUNOS [BIOURUIL] JO }OS PaSeInoouy ‘g o[qe ],



-12 -

B. Constructing Scenarios

Once the key questions or main vulnerabilities of interest have been identified, the next stage
is to construct a scenario that will form the basis of the stress test. This phase of the process
involves an examination of the available data and models to determine what can be used to
understand the behavior of the system with respect to the main vulnerabilities. Using this
data, a scenario can be constructed in the context of some overall macroeconomic framework
or model, depending on the complexity of the system and the availability of a suitable model.

Use of a macro model

Ideally, a macroeconometric or simulation model should form the basis of the stress testing
scenarios. This is because one objective of system-focused stress tests is to understand the
impact of major changes in the economic environment on the financial system. Using a
macro model provides a forward-looking and internally consistent framework for analyzing
key linkages between the financial system and the real economy.

Drawing on the main macroeconomic vulnerabilities identified in the previous section, the
analyst should arrive at a consensus for the key macro and financial variables that are the
most volatile, misaligned, or likely to have the greatest impact on the financial system.
Typically, such misaligned variables are susceptible to major shocks or realignments, and
thus can form the basis of a realistic simulation scenario. Depending on the structure and
features of the macro model that is available, the simulation can produce a range of economic
and financial variables as outputs. The feasibility of this approach will vary according to the
range of modeling expertise available, as well as the type of macro model in place. Some of
the considerations involved in using a macro model are discussed in Box 3.°

Some hypothetical examples of the process of developing a scenario may prove illustrative:

o Example 1: Suppose that housing prices had risen sharply on the strength of rapid
employment growth, rising household disposable incomes, and low interest rates,
fuelling a mortgage lending boom.” An analysis of bank balance sheets and income
statements shows a strong dependence on mortgage lending in both the stock of assets
and in the flow of income. One possible scenario could involve a shock to
employment (a rise in unemployment), a fall in disposable incomes, and a sharp rise
in interest rates affecting the debt servicing capacity of households. The outputs from
a macro model could provide a range of information on employment, real incomes,

®For an interesting example of the use of macroeconomic modeling to assess the potential
impact of specific vulnerabilities, see Gereben, Woolford, and Black (2003) for a scenario
analysis for New Zealand.

’See also Hilbers, Qin, and Zacho (2001).
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prices, and interest rates, which could be used to formulate a specific stress test for
bank balance sheets.

o Example 2: Suppose the macro level analysis indicated an overvalued exchange rate
caused by strong capital inflows, with associated credit growth financing a surge in
construction investment. An analysis of structural data on institutional balance sheets
and income statements reveals a sharp increase in exposure to foreign-currency
denominated real-estate loans, and micro-level indicators of FSIs and individual
balance sheet information shows rising defaults on property loans. One scenario
might include a sudden reversal of capital flows and a rapid depreciation of the
exchange rate. Macro simulations of this scenario could produce a range of outputs,
including real GDP growth, the price level, interest rates, and the exchange rate.
These outputs could then form the basis of a stress test of balance sheets for
individual institutions.

o Example 3: Suppose financial deregulation and low interest rates, together with strong
wage and economic growth has fuelled a sharp rise in consumer (nonmortgage)
lending. An analysis of balance sheets and income statements reveals bank and
nonbanks now earn over a quarter of their income from this lending, with exposures
(and credit extended to consumers) growing rapidly. Furthermore, nonbanks are
funding their lending largely through commercial paper placements. While FSIs show
only modest rises in delinquency rates and nonperforming assets, there are concerns
about credit quality going forward. One possible scenario might involve a sharp rise
in interest rates, increasing banks’ funding costs and (temporarily) narrowing their
margins, perhaps caused by a policy response to increased inflationary pressures or an
external shock. The output of a macro model could be used to analyze the possible
impact on household incomes and the debt-servicing capacity.

Some authorities may not have a well-developed macro model available. Even if a model is
in place, there may be difficulties in using it to simulate relevant shocks. Some models may
not be tractable for the type of economic shock that the analyst wishes to consider, while
others may not incorporate a financial sector or may not allow for a policy reaction by
authorities. Thus, it may not always be feasible to generate a macro scenario using a
consistent macro model. In the absence of a macro model, it may be necessary to rely on
more rudimentary approaches. Even in these circumstances it is still possible to frame the
analysis in the context of an internally consistent, forward-looking macroeconomic scenario
by using textbook macro models, supplemented by existing empirical research, or by using
models developed for another country that has a similar structure.
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Box 3. Simulations Using Macro Models: Some Considerations

Using a macro model to simulate a range of macroeconomic scenarios raises a series of questions. Some of

these considerations include the following:

e  What are the baseline assumptions? The baseline assumption could be no change from the latest data, or
the central forecast or 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
imbedded in the model (such as a Taylor rule relating monetary policy instrument settings to deviations in
inflation and output from their targets) 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, but this will depend
on the model and scenario.

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 (i.e., if it is
assumed that institutions do not adjust their balance sheets, the results can be interpreted as a comparative
static exercise)

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 and less acceptance of the results by
participants.

e  What size of shocks should be used? Shocks can be calibrated on historical experience (e.g., 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 historical calibration (e.g., deregulation may
change fundamental economic relations).

The objective of using an explicit macroeconomic 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 existing expertise and
research. The key reason for using this approach is to bring the discipline and consistency of
an empirically-based model and an explicit focus on the link between the macroeconomy and
the main vulnerabilities.

C. Balance-Sheet Implementation

Once a set of adjustment scenarios has been produced in a consistent macro framework, the
next step is to translate the various outputs into the balance sheets and income statements of
financial institutions. There are two main approaches to translating or “mapping” scenarios
into balance sheets: the “bottom-up” approach, where estimates are based on data for
individual portfolios, which can then be aggregated, and the “top-down” approach, which
uses aggregated or macro-level data to estimate the impact. "

19See Hoggarth and Whitley (2003) for further details, and a discussion of how the approach
was used for the U.K. FSAP.



-15-

Under the bottom-up approach, the response to various shocks in a scenario is estimated at
the portfolio level, using highly disaggregated data from individual financial institutions. The
results of the bottom-up approach can then be aggregated or compared to analyze the
sensitivity of the entire sector or group of institutions. The bottom-up approach has the
advantage that it makes better use of individual portfolio data, but if individual institutions
provide their own estimates, then the approach may introduce some inconsistencies in how
each institution applies the scenario and produces its numerical estimates.

The top-down approach is used to estimate the responsiveness of a group of institutions to a
particular scenario. Under this approach, a common parameter is derived from all institutions
in the data set (e.g., using a regression of aggregated information on macro variables) to
arrive at an estimate of the aggregate impact. The top-down approach is often easier to
implement, since it requires only aggregated data, and is a consistent and uniform method,
but is based on aggregate historical relationships that may not hold in the future. Ideally, both
methods should be applied, but data limitations may preclude this in many countries.

The remainder of this section discusses the various steps involved in implementing a system-
focused stress test, by addressing a series of key questions. These questions include: who
should perform the empirical analysis? Which institutions should be included? What are the
data constraints? How large should the shocks be? How do we link the macro adjustment
scenarios to individual balance sheets and income statements?

Execution, scope, and coverage

The first question to consider in implementing a system-focused stress test is who crunches
the numbers: the supervisor/central bank or the institutions themselves? Ideally, individual
institutions should be as heavily involved in the process as possible, irrespective of whether a
top-down or bottom-up approach is used. This is because individual institutions will typically
have the best access to data and knowledge of their own portfolios. For institutions with
sophisticated risk management systems or significant international operations, most will have
systems and stress-testing procedures in place as part of their own internal risk monitoring
processes (see Box 4).!! For countries with financial institutions that have more rudimentary
systems and less expertise in modeling their portfolios, involvement in the process may be
beneficial by expanding their knowledge. In these circumstances, it may be necessary for the
central bank or supervisory agency to provide guidance or even undertake parts of the
empirical analysis, but this should still involve individual institutions as much as possible.
Having institutions cooperate in a stress-testing exercise may require some moral suasion or
other incentives, including the ability to benchmark their own results against their peer

""Banks that follow the Basel Committee’s internal-ratings based approach are required by
their supervisors to have a comprehensive stress testing program in place. Many large banks
have Value at Risk frameworks in place for internal monitoring of risk positions. See Jorion
(2001) for a survey of Value at Risk methods.
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groups or the ability to learn from other participants. The top-down approach is best
undertaken by the agency with best access to the data and expertise necessary to perform the
exercise.

Box 4. Stress Testing of Banks and the Basel Capital Accord

In 1996 the Basel Committee on Banking Supervision (1996, 1998) recommended that banks using the
internal models approach to capital adequacy for market risk have in place a “rigorous and comprehensive
stress testing program.” This recommendation gave impetus to a growing awareness and familiarity of stress
testing by banks.

The 2004 revised Framework for the New Basel Capital Accord (or Basel II) issued by the Basel Committee

on Banking Supervision (2004) goes even further in its recommendations with regard to stress testing, in line

with the increased emphasis on the use of the internal ratings based approach. Basel II now calls for banks to
use stress tests for a variety of purposes:

e  Banks should use stress tests to take account of the illiquidity of lower quality assets (para. 158).

e Banks must have stress testing processes for use in the assessment of capital adequacy (para. 434):
“Stress testing must involve identifying possible events or future changes in economic conditions that
could have unfavourable effects on a bank’s credit exposures and assessment of the bank’s ability to
withstand such changes. Examples of scenarios that could be used are (i) economic or industry
downturns; (ii) market-risk events, and (iii) liquidity conditions.”

e  Supervisors must have minimum quantitative standards with regard to stress testing (para. 527j): “4
rigorous and comprehensive stress-testing programme must be in place. Banks are expected to subject
their internal model and estimation procedures, including volatility computations, to either hypothetical
or historical scenarios that reflect worst-case losses given underlying positions in both public and
private equities. At a minimum, stress tests should be employed to provide information about the effect of
tail events beyond the level of confidence assumed in the internal models approach.”

e  Supervisors should consider how a bank provides for unexpected events in setting capital levels
(paragraph 750): “This analysis should cover a wide range of external conditions and scenarios, and the
sophistication of techniques and stress tests used should be commensurate with the bank’s activities.”

e  Banks should stress test credit concentration risk (para. 775): “A bank’s management should conduct
periodic stress tests of its major credit risk concentrations and review the results of those tests to identify
and respond to potential changes in market conditions that could adversely impact the bank’s
performance.”

Implementing a stress test also requires us to address the question: which institutions should
be included in the exercise? The coverage of the stress testing exercise should be broad
enough to represent a meaningful critical mass of the financial system, while keeping the
number of institutions covered at a feasible level (e.g., less than twenty). The total market
share of the institutions involved (either in terms of assets, deposits, or some other criteria
such as importance in the payment system) can be used to determine a cutoff point, as the
exercise may become unwieldy if too many institutions are involved. Depending on their
interlinkages and systemic importance, both banks and nonbank financial institutions should
be included in the analysis, although this may present some difficulties if they are supervised
by different entities or have different balance sheet reporting dates or practices. (See Box 5
for a discussion of stress testing insurance companies) In countries with a large number of
small institutions, consideration could be given to either aggregating smaller institutions into
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a single balance sheet or taking a representative sample of institutions, or even ignoring them
if they are not systemically important. Stress tests can also be applied to nonfinancial
companies to understand the sensitivity of corporate sector balance sheets (see Box 6).

Box 5. Stress Testing of 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 (banks were early proponents), and also
due to regulatory impetus (Box 4). 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 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. For insurance companies, the revised Insurance Core Principles issued

in 2003 by the International Association of Insurance Supervisors (IAIS 2003a, p. 35) includes stress tests as
an advanced criterion for Principle 20: “The supervisory authority requires that insurers undertake regular
stress testing.” The TAIS (2003b) also issued a guidance paper on stress testing by insurers. These documents
provide 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 tests of their balance
sheets may present unique challenges. Insurance companies face underwriting risk, catastrophe risk, and risks
on technical claims provisions. On the asset side, more or less similar to banks, they also face market risk,
credit risk, liquidity risk, operational risk, group risk, and systemic risk, 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 may 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 shock. Such techniques are complex, and account for
the probability of a range of possible outcomes. Alternatively, simple deterministic tests, for example, shifts
in loss ratios or gauging the effect of specified catastrophic events can reveal useful information about
immunity 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.

Aggregating the results of stress tests of insurance company balance sheets with the results for banks (e.g.,
within a conglomerate, or in aggregating the results for the two sectors) may be 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. If this is the case, a separate
presentation of results may be warranted.
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Box 6. Stress Testing of Corporate Sector

In many countries, loans to the corporate sector account for a significant portion of total lending. Thus,
stress testing the balance sheets of the corporate sector can provide useful information on the underlying
credit quality of bank portfolios.

Corporate sector balance sheets can be stressed to understand their sensitivity to various risks:

e Sensitivity to interest rate risk can be assessed by examining the impact of interest rate changes on
net interest expenses and interest earnings;

e Sensitivity 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;

e  Sensitivity 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 the 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 corporate sector can provide a useful
indicator of the sensitivity of the underlying credit quality of bank loans to a variety of shocks.

See Glen (2004), Goldman Sachs (1998, 2000), and Heytens and Karacadag (2001) for examples of this
approach.

Another important question to consider in conducting a stress test is: what are the data
constraints? The availability and quality of data impose major constraints on the nature of
stress tests that can be performed. As noted in IMF and World Bank (2003), data limitations
can come in four forms:

o Basic data availability, especially in countries where information on balance sheet
exposures may not be available;

o Difficulty isolating specific exposures, especially among financial institutions in the
case of large complex financial institutions or institutions that are active in the
derivative markets;

° Lack of risk data, e.g., duration or default measures, in countries where risk
management systems are less sophisticated; and

o Confidentiality issues, or limitations on what supervisors are legally able to share
with other parties.

To overcome these difficulties, it may be possible to work with the larger and more
sophisticated institutions to get better data or to calibrate some parts of the exercise. For
example, if the exposure of interest is the aggregate exposure to a specific borrower or sector,
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individual institutions may be able to produce information on that exposure from their
internal risk monitoring systems, even if they do not report data to the authorities in that
particular format. When confidentiality issues do arise, it may be possible for the institution
with access to the data to conduct the stress testing based on agreed assumptions and
methodologies and to share the results in a form that is sufficiently informative of the risk
exposures, but would not breach confidentiality laws or protocols.

Calibrating shocks

Another key question to address in implementing a system-focused stress test is how big are
the shocks? Stress-testing involves discovering the impact of exceptional but plausible
events, so the scenarios considered should be beyond the normal range of experience.
Scenarios can be based on historical data (e.g., using the largest observed changes or extreme
values over a specified period), or they can be hypothetical and involve large movements
thought to be plausible. Historical scenarios can be more intuitive since they were actually
observed, but hypothetical scenarios may be more realistic, especially if the financial
structure has changed significantly (e.g., with deregulation, liberalization, changes in
monetary policy operating procedures, or changes in supervisory policies). Experiences of
other countries can be a useful guide as well.

While the object of stress-testing is not to apply shocks until all major financial institutions
fail,'? it is exceptional outcomes that precipitate financial instability. Thus, in assessing the
vulnerability of financial systems, it is important to consider a range of movements that is
wide enough to capture such outcomes. For example, a simple sensitivity test can be
calibrated according to the largest change in a risk factor over the past ten years. It is
important to bear in mind that the relevant empirical measure for scenarios is the joint
probability of all factors moving simultaneously, which may be difficult to assess
empirically." Since it is often difficult to attach a probability to hypothetical scenarios, some
judgment is involved, but this can also be guided by historical experience. It may also be the
case that small changes in key variables are sufficient to precipitate difficulties in some
institutions.

"In some cases it may be useful to calibrate the size of shocks to cause one or more of the
institutions involved to breach their minimum capital requirement, in order to determine the
magnitude of shocks necessary to cause such a “failure.”

PFor example, a change in overnight domestic and foreign interest rates at the same time can
be assessed using a multivariate normal distribution if the variables are well described by the
normal distribution, but this is often not the case for extreme events, and so calculating a
joint probability measure becomes more problematic. See Hoggarth and Whitley (2003) for
further discussion.
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Mapping macro scenarios to balance sheets: the bottom-up approach

Translating a broad macroeconomic framework into the balance sheet of a financial
institution requires a mapping of macro variables into a set of common risk factors that can
be applied to stress individual balance sheets (bottom-up). Since most portfolios have
numerous instruments, each with their own unique price, the process of revaluing an
individual portfolio may require knowledge of hundreds (and potentially thousands) of
market prices. Financial institutions typically simplify this process by mapping each element
of a portfolio into a smaller set of common risk factors. Thus, two mappings are required to
implement a system-focused stress test: one mapping from the macro adjustment scenarios to
the set of common risk factors, and another mapping from the common risk factors into all of
the instruments in a portfolio.

Depending on the macro model being used, the financial variables available from the
scenarios may be quite detailed (if the model includes a lot of features of the financial
system), or fairly limited. For a financial institution, implementing a stress test typically
requires a range of indicators on: interest rates (such as the term structure of the risk-free
rate, and credit quality spreads), exchange rates (such as spot and forward, bilateral and
trade-weighted), asset prices (such as aggregate indices of market prices), and credit
exposures and quality. Thus it may be necessary to supplement the output of the macro
model with additional estimates of what each scenario would imply in terms of these
common risk factors.

Some financial institutions have their own internal models that link macroeconomic factors
to the performance of their balance sheet, which can be used to help calibrate this mapping to
a set of common factors. Other potential sources of information to flesh out the details of this
mapping could include studies performed on the domestic economy addressing the term
structure of interest rates, or models used to estimate the equilibrium real exchange rate.
Some examples of this process may prove illustrative:

o Suppose the macro model only produces two interest rates: an overnight cash rate and
a 10 year bond rate. An empirical model of the term-structure of interest rates could
be used to produce an estimated set of interest rates for a larger set of maturities. In
turn, this data could be used to derive credit spreads.

o Suppose the macro model only produces a trade-weighted exchange rate, or a single
bilateral exchange rate. To get a broader range of exchange rates, it may be possible
to use the weightings implicit in the trade-weighted index to produce a set of bilateral
exchange rates. Producing a range of exchange rates from a single bilateral exchange
rate forecast from a macro model can be accomplished by assuming some pattern of
cross rates (e.g., assuming that cross rates are unchanged or change based on forecasts
for the different rates).

Once the macro scenarios have been mapped into a set of common risk factors, the next step
is to map the risk factors into the portfolios of individual institutions. The party that is
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usually best placed to construct such a mapping is the individual institution involved in the
stress-testing exercise. This is because it typically has the best access to expertise and
detailed information on the portfolio itself, and may have a well-developed risk management
model capable of performing many of the calculations. As mentioned above, some financial
institutions have macro frameworks that can be used to link the larger macroeconomic
picture (unemployment rate, GDP growth, sectoral growth rates etc.) to portfolio
performance, and so can map the adjustment scenarios directly into their own balance sheets
and income statements via their internal models.

In many circumstances, individual institutions will not have internal models capable of
translating broad macroeconomic developments, but will have their own internal models or
expertise that can be utilized to construct an appropriate mapping. For example, many banks
have internal models that use credit scores, transition matrices, or default probabilities as key
parameters in understanding the evolution of credit risk in their portfolio. Banks can estimate
the impact of macroeconomic changes on these internal risk model parameters, or can use the
most recent economic downturn as a guiding rod for assessing the impact of broad economic
changes on their portfolio. In some cases it may be necessary to rely on the expert judgment
of risk managers in adjusting these key parameters, particularly if the systems have only been
in place for a relatively short period of time, and thus have not spanned an entire economic
cycle.

Top-down approach

Conducting a “top-down” approach to stress testing provides a useful check on the results
based on individual balance sheet information (the bottom-up approach). Furthermore,
financial institutions in some countries may not have the capacity to estimate the impact of a
given set of shocks on their portfolio. In this case, the agency coordinating the stress-testing
exercise could adopt a “top-down” approach and apply adjustment parameters based on
system-wide estimates. For example, a regression model of loan loss rates for the entire
banking system could be used to estimate the impact of a macro adjustment scenario on the
credit quality of an institution. Some examples of this approach include the following:

o 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.

o 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.
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o Hoggarth and Whitley (2003) describe the process of using the Bank of England’s
macro model, as well as using the top-down approach to estimate the impact of macro
variables on new provisions by banks.

o 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.

o Pesola (2001) examines the Nordic banking crisis by estimating a model of loan
losses as a function of GDP, indebtedness, unexpected changes in income and interest
rates, and deregulation.

The estimated equations from these papers are all examples of how the authorities or
individual institutions can use the top-down approach to approximate the impact of economic
developments on individual portfolios or to calibrate the parameters used in their stress tests.
It is important to note that regression-based estimates have their limitations, since they are
often only providing a partial equilibrium estimate of some effect, and so care should be
taken in interpreting the results of such estimates.

D. Second-Round Effects

Most stress testing approaches assume there is no change in the behavior of the portfolio or
no realignment of the portfolio structure in response to the change in risk factors. Stress tests
are typically applied to a balance sheet at a point in time or in conjunction with a forecast
over a specific horizon, and the impact is calculated as if the shock was “marked-to-market”
or valued at market prices. This approach is valid if the time horizon is relatively short, or if
changes in the underlying portfolio take time to implement. For example, assuming only a
limited behavioral response in a large loan portfolio over a one- to three-month horizon may
be a reasonable assumption, since it is often difficult to restructure a portfolio in less time
without incurring losses from “fire-sale” prices.14 Such an assumption may also be justifiable
for an individual institution that does not have a large impact on the financial system or the
macroeconomy, i.e., the feedback effects are relatively small. But once the time horizon of a
scenario or shock extends beyond a year or more, the assumption of no behavioral response
becomes harder to justify. Similarly, for systemically important institutions or for systems as
a whole, the assumption of no feedback effects implicit in many stress tests may be an
oversimplification. The policy environment may change over a longer horizon, as monetary
or supervisory authorities react to a given set of shocks. Financial sector safety nets may also
provide a buffer over longer horizons.

" Although the increasingly widespread use of derivatives may permit a more rapid
adjustment in exposures.
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As Hoggarth and Whitley (2003) note, second round effects can be manifest as direct credit
losses from counterparty failures, as increased funding costs for weakened banks, and as
portfolio adjustments (such as a tightening of lending criteria) affecting aggregate demand.
These effects may all be present during periods of stress, particularly ones with longer time
horizons. The challenge in incorporating these effects into a system-focused stress test is in
understanding the complexity of the links between institutions.

One approach that is often used to consider second round effects and linkages between
institutions is the use of contagion models.'® These models attempt to estimate the impact of
the failure of key institutions on other institutions and hence the overall financial system. The
exercise typically has two stages, beginning with a stress test to individual balance sheets and
income statements. The second stage involves an examination of counterparty exposures to
the institutions made most vulnerable by the stress test, for example, through interbank loans,
cross shareholdings, deposits, or other exposures. By examining the impact of difficulties in
one institution on the health of other institutions, it is possible to consider second round
effects in a relatively simple and intuitive manner. The results of this type of analysis can
even be used to construct indices of systemic risk, based on the impact of the failure of key
institutions.

E. Interpretation

Experience in conducting stress tests suggests they are a useful tool for identifying latent risk
exposures and the likely significance of losses in a systematic and intuitive manner. Stress
tests can be particularly useful when they are conducted on a regular basis, as this can
provide information about changes in the risk profile of the system over time. While stress
test results are useful to evaluate effects of large movements (tail events) in key variables,
care should be taken not to portray them as providing a precise measure of the magnitude of
losses. As the Committee on the Global Financial System (2000) noted: typically, there are
no probabilities attached to the outcomes of stress tests.

If the underlying model being “stressed” is incorrectly specified or estimated, then the
conclusions drawn from a stress test may be invalid. This potential for “model error”
highlights the usefulness of comparing stress test results with other complementary measures
of risk exposure, such as financial soundness indicators. Stress tests are also unlikely to
capture the full range and interaction of risk exposures (such as operational risk and legal
risk), and may give only a partial picture of the true nature of risk-taking by participating
institutions. Finally, stress tests typically consider only part of a bank’s income generating
operations, and thus banks may have significant income flows that are unaffected in
performance or value by the specific stress test scenarios analyzed.

5See Cihak (2004a,b) for further details. Upper and Worms (2002), Furfine (1999), Degryse
and Nguyen (2004), and Gropp and Vesala (2004) also examine interbank contagion.
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The analysis and discussion of stress testing results can be facilitated and enhanced by a clear
presentation of the output generated by stress tests, and of the underlying assumptions and
judgments used to generate the results. An overview of the stress tests results can be
conveyed by grouping the aggregate (sector level) impact of the stress tests by type of risk
and/or by scenario. The composition of expected losses (as a proportion of capital or income
for instance) can be used to summarize the central results. For bottom-up approaches,
descriptive statistics (e.g., mean, median, standard deviation, minimum, maximum, and
number of institutions in each decile) and peer group analysis can be used to convey how the
impact at the aggregate level is distributed across individual institutions. This can be
important to the analysis because significant exposures in systemically important institutions
could raise concerns even if the net exposure of the sector is relatively small.

If the aggregate results are based on stress tests of individual bank portfolios under the
bottom-up approach, there can be difficulties of comparability since each institution may
employ different models and modeling assumptions. Having the supervisory agency conduct
some stress tests on the balance sheet data reported to it by financial institutions using a
common framework and methodology can play a useful role in acting as an accuracy and
consistency check of the results provided by individual institutions.

Publication of results

Public dissemination of the results of stress-tests can present some difficulties with regard to
confidentiality and interpretation of results. Participating institutions may be reluctant to have
any information disclosed that could identify specific firms, out of concern that markets may
interpret such information negatively, or competitors may take advantage of the information.
Some analysts may also interpret the particular scenarios chosen as reflecting an official view
on the most likely scenario or the most problematic, which may not be the case.

Nevertheless, the publication of summary or aggregated information on stress test results by
a wide variety of countries (see Box 7) suggests that these difficulties can be overcome.
Disclosure of some summary information on the results (such as the mean and the range) can
be informative for financial markets and individual institutions wishing to benchmark their
own results against their competitors, without revealing the identities of individual
institutions. Disclosure of the scenarios undertaken can also raise awareness of different risks
for institutions to consider and incorporate into their own stress testing programs.
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Box 7. Financial Stability Reports

A growing number of central banks regularly produce stand-alone publications devoted to assessing the
condition and stability of the financial system, generally making use of a range of financial sector indicators
to guide and illustrate the analysis.

Selected Financial Stability Reports 1/

Country Name of Institution Frequency Starting Supervisory
Date Functions

Austria Austrian National Bank Semi-annually 2001 No
Belgium National Bank of Belgium Annually 2002 No
Brazil Central Bank of Brazil Semi-annually 2002 Yes
Canada Bank of Canada Semi-annually 2002 No
Denmark National Bank of Denmark Annually 2000 No
Finland Bank of Finland Annually 2003 No
France Bank of France Semi-annually 2002 Yes
Hungary National Bank of Hungary Semi-annually 2000 No
Indonesia Bank Indonesia Semi-annually 2003 Yes
Norway Bank of Norway Semi-annually 1995 No
Sweden Bank of Sweden Semi-annually 1997 No
United

Kingdom Bank of England Semi-annually 1995 No

1/ Based on IMF (2003b).

Within this group, several central banks have published the results of stress tests of the domestic financial
system, for example:

e A range of macroeconomic stress tests carried out in the context of IMF’s FSAP in the United Kingdom
are described in the Bank of England’s June 2003 Financial Stability Review. See Hoggarth and Whitley
(2003).

e Sensitivity analyses and stress tests examining whether earnings and capital of the Danish banking
system are sufficient to withstand predetermined risk scenarios are reported in the National Bank of
Denmark’s 2003 Financial Stability Report. See National Bank of Denmark (2003).

e  Stress tests focusing on the interdependence of banking sector credit risk and economic developments in
Austria are reported in the Austrian National Bank’s Financial Stability Report (Number 3). See Kalirai
and Scheicher (2002).

e The effect of interest rate and credit shocks on the capital position of the Hungarian banking system are
reported in the Hungarian National Bank’s December 2003 Report on Financial Stability. See Hungarian
National Bank (2003).

e  The effect of changes in NPLs on the capital position of the Indonesian banking system are reported in
Bank Indonesia’s June 2003 Financial Stability Report.

e A summary of stress test results from selected FSAP missions have also been published by the IMF as
part of Financial System Stability Assessments, available at
hitp://www.imf.org/external/np/fsap/fsap.asp#cp.
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IV. SUMMARY OF FINANCIAL SECTOR ASSESSMENT PROGRAM (FSAP) EXPERIENCE'®

Stress tests are an integral part of FSAPs conducted by the IMF and World Bank, and have
been performed for every country participating in the FSAP. They are designed to provide a
quantitative measure of the vulnerability of the financial system to different shocks. They
complement the insights gathered from other components of the assessment that focus on key
elements of the legal, institutional, regulatory, and supervisory framework; the observance of
key financial sector standards and codes; the analysis of the financial system structure and
key vulnerabilities; and the empirical analysis of financial soundness indicators. The IMF has
also broadened its application of stress testing techniques into other areas (see Box 8).

Data availability is a key factor in determining the approach and sophistication of stress tests
performed as part of the FSAP. Most analyses are performed on a bank-by-bank (bottom-up)
basis, based on single factor and scenario approaches. Contagion risks and second round
effects have typically not been addressed in many FSAPs, although some have incorporated
elements of interbank contagion into the exercise. The involvement of the authorities has
varied, according to their expertise and ability or willingness to provide data, with some
country authorities precluded from providing data on individual institutions by bank secrecy
laws or conventions. For countries that have published the IMF’s summary assessment of the
FSAP mission (the Financial System Stability Assessment), most have included a summary of
the stress testing results.'’

The overall approach and implementation of stress tests as part of the FSAP has evolved over
time. Some recent trends include:

o Country authorities and individual financial institutions now play a greater role in the
design and implementation of stress tests, as familiarity and use of the techniques
have spread. Increased reliance is being placed on using the internal models of banks
to evaluate the impact of shocks, including their off balance-sheet exposures.

° The use of macro-simulation models to calibrate a macro scenario has increased.

o Coverage of nonbank financial institutions has increased, with large insurance
companies now being included in many cases as part of the analysis.

o Many country authorities are now implementing their own stress-testing programs,
partly as a result of FSAP-related work (Box 7).

'This section is based on IMF and World Bank (2003).

YSee http://www.imf.org/external/np/fsap/fsap.asp#cp for copies of published reports.
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Box 8. The IMF, Scenario Analysis, and Stress Testing

As familiarity with stress testing concepts and techniques has spread, the IMF has begun to incorporate stress
testing into more of its work. Some examples include:

e The Financial Sector Assessment Program (FSAP): Stress tests are a key component of the FSAP, and
aim to assess the impact of exceptional but plausible shocks to key macroeconomic variables on the
soundness of the financial system. See IMF and World Bank (2003).

e Technical assistance: As a follow-up to the FSAP program, the IMF has begun to offer technical
assistance on implementing stress testing programs for central banks and supervisors.

e  Analysis of debt sustainability: Recent proposals call for greater use of scenario analysis in analyzing
debt sustainability. See IMF and IDA (2004).

e Surveillance: In evaluating the IMF’s role in recent capital account crises, the Independent Evaluation
Office concluded that IMF surveillance “should be oriented toward looking for points of vulnerability,
and developing and analyzing stress test scenarios, rather than toward simply trying to predict the
future.” See IMF (2003c, p. 29).

e Assessing the risks to the IMF’s balance sheet: There have been recent proposals to use financial
scenario analysis to assess the potential impact of nonpayment by a Fund member on the IMF’s
precautionary balances. See IMF (2004).

V. CONCLUDING REMARKS

Stress testing is best seen as a process of identifying vulnerabilities and providing a rough
estimate of sensitivity of balance sheets to a variety of shocks. System-focused stress tests
attempt to marry a forward-looking macro perspective with an assessment of the sensitivity
of a collection of institutions to major changes in the economic and financial environment.

The process of conducting a system-focused stress test begins with the identification of
specific vulnerabilities or areas of concern, followed by the construction of a scenario in the
context of a consistent macroeconomic framework. Isolating key vulnerabilities is an
iterative process involving both qualitative and quantitative elements. A range of numerical
indicators can be used to help isolate potential weaknesses, including the “big picture” or
macro-level indicators, broad structural indicators, and more institution-focused or micro-
level indicators. Ideally, a macro-econometric or simulation model should form the basis of
the stress-testing scenarios. A working group of selected experts may facilitate the process.

Once a set of adjustment scenarios have been produced in a consistent macro framework, the
next step is to translate the various outputs into the balance sheets and income statements of
financial institutions. There are two main approaches to translating macro scenarios into
balance sheets: the “bottom-up’ approach, where the impact is estimated using data on
individual portfolios, and the “top-down” approach, where the impact is estimated using
aggregated data.

A variety of metrics can be used to summarize the results of stress tests, with the most
common ones being measures of capital, assets, or profitability in the denominator. Public
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dissemination of the results of stress tests may present some challenges, but the publication
of results by a broad range of countries has shown that these are not insurmountable.

Experience with the IMF/World Bank FSAP process has shown that stress tests are useful
because they provide a quantitative measure of the vulnerability of the financial system to
different shocks, which can be used, with other analyses, to draw conclusions about the
overall stability of a financial system. Recent trends show a shift toward greater integration
of a macroeconomic perspective, more involvement by country authorities and individual
institutions, and greater coverage of the financial sector.
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ANNEX
I. DATA ISSUES

Since the ultimate intent of a stress test is to produce a numerical estimate of a particular
sensitivity, the process can be extremely data intensive. The object of this annex is to provide
an overview of the data and issues relevant to implementing a stress test.

Identifying vulnerabilities

A variety of macro-level, structural, and micro-level indicators can be useful in helping to
identify key vulnerabilities in the financial system.'® Macroeconomic indicators of the type
listed in Section III.A are generally available from the central bank, finance ministry,
statistical agency, or from the IMF." The object of these indicators is to identify common
economic factors that can influence the operating and financial environment of financial
institutions and their customers. The economic variables that may be useful in this process
are similar to those typically analyzed in a financial stability report (see Box 7 for examples),
and include:

o national accounts data and other real sector data, including data on labor markets,
production, prices, and household and corporate sector performance;

o fiscal accounts, including government operations (revenues and expenses) and debt
stocks;
o External sector accounts, including information on the balance of payments,

international investment position, international reserves and liquidity, exchange rate
developments; and

o Financial sector accounts, including the accounts of banks and the central bank, the
structure of interest rates, trends in asset prices, etc.

"®Sahel and Vesala (2001) describe a range of indicators that may be useful for financial
stability analysis.

See the IMF’s Dissemination Standards Bulletin Board
http://dsbb.imf.org/Applications/web/sddsnsdppage/ for data on countries that subscribe to
the Special Data Dissemination Standard and
hitp.//dsbb.imf.org/Applications/web/gdds/gddscountrylist/ for data on countries subscribing
to the General Data Dissemination System. See also
hitp.//'www.imf.org/external/country/index.htm tor copies of IMF surveillance documents and
Article IV Reports, which include macroeconomic data and analysis.
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Structural indicators on ownership and market shares, aggregated balance sheet data, and
flow of funds accounts can all provide useful information on the structure of financial
markets. This information is typically available from the central bank or supervisor. Financial
soundness indicators of the type listed in Tables 1 and 2 provide useful information on the
health of the financial sector,”’ and are generally available from these agencies.

Constructing and calibrating scenarios

Historical data on financial market prices can be useful in constructing scenarios and
calibrating the size of shocks. A long time series of daily data (e.g., ten years) on key
variables such as interest rates, exchange rates and equity prices (including the major stock
market indices) can provide useful context for the size of shocks. For example, knowing the
largest change in interest rates, exchange rates, and equity prices over a one day, one month,
and one year horizon can help to inform the discussion of plausible orders of magnitude for
shocks. A similar time series for broader macroeconomic variables (discussed above) can
prove helpful in calibrating the simulation model.

Balance-sheet implementation

Implementing a stress test requires a broad array of information on the balance sheet and
income position of financial institutions. Ideally, data should be collected on an institution-
by-institution basis, to enable the researcher to understand the location of different risks and
concentrations and enable a comparison across institutions.”’

One component of stress testing of financial systems is the use of sensitivity tests or single-
factor stress tests, where the sensitivity to a single factor (e.g., a change in the exchange rate)
is assessed. Information that may be useful for conducting sensitivity tests include the
following:

o For interest rate risk, data on the maturity breakdown (or maturity “buckets”) for
assets and liabilities can be useful in understanding balance sheet sensitivities. This
data shows the time to next repricing of assets and liabilities, classified by maturity
(e.g., one day or less, one day to one month, one month to three months, three months
to six months, six months to one year, one to five years, over five years etc). If
available, maturity breakdowns of assets and liabilities in local and foreign currencies
can also be used to understand sensitivity to foreign interest rate shocks. Data on the
duration of each bucket or of the overall asset and liability portfolio can also prove

2See IMF (2003b) for a discussion of financial soundness indicators, and IMF (2003a) for
information on their compilation.

*IThe U.S. Securities and Exchange Commission’s EDGAR Database has a wide range of
information on large, internationally active banks, including their financial reports. See
http://www.sec.gov/edgar/searchedgar/webusers.htm for further details.
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very useful for understanding sensitivity to interest rate risk, although this data is
usually more difficult to obtain.

o For foreign exchange rate risk, data on the net open position by currency can be used
to understand the sensitivity of balance sheets according to different currencies.

o For credit risk, data on the loan-loss provisions held by the banks against various
categories of assets and exposures can be used to understand the credit quality of the
existing loan book, while new provisions provide an indication (albeit lagging) of the
evolution of credit quality. For financial institutions that have more sophisticated risk
management systems, information on banks’ own internal credit ratings distributions
and associated metrics (such as default and recovery rates, transition matrices, etc.)
can be used to understand portfolio characteristics and dynamics . Data on exposures
by geographic region, industry, or product type can provide additional information on
concentrations of risk.

o For liquidity risk, data on the sources and uses of funds, broken down by maturity,
can enable an analysis of the sensitivity of balance sheets to liquidity risk. This data
could include the structure of deposits and other liabilities (including interbank lines)
and their associated turnover rates, and on the assets side the stock of liquid and near-
liquid assets that could be used as collateral or sold quickly to realize cash.

Data quality

A professional approach to the statistical issues involved in stress testing is crucial to
obtaining support and collaboration of banks and other cooperating institutions and ensuring
the quality of the results. The IMF has developed a framework for assessing data quality and
addressing and promoting good statistical practices, called the Data Quality Assessment
Framework (DQAF).** Key elements of this framework include assurances of integrity,
methodological soundness, accuracy and reliability, serviceability, and accessibility.

In some instances, for example where the quality of reported data or the interpretation of
accounting standards are subject to debate, it may be desirable to adjust the balance sheet
numbers prior to being shocked, or after the fact when expressing the results in terms of
capital or some other ratio. Such an adjustment may be justified if the supervisor or regulator
has reason to doubt the accuracy of balance sheet information, or if they feel that making
some adjustments to the data (e.g., disallowing some items in the definition of tier one
capital) provides a more accurate picture of the true risk underlying a portfolio.

22htl‘p.‘//dsbb. imf.org/Applications/web/dqrs/dgrsdgaf/
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Interpretation of results

Once a numerical estimate of a stress test is produced, it is often useful to scale the result to
make it comparable across institutions and time. Indeed, the results of stress tests are often
expressed in the form of a financial soundness indicator. Typically three types of
denominators are used: capital (representing the ultimate ability of an institution to bear
losses), income (representing the ability of an institution to absorb losses from ongoing
operations without resorting to capital or other sources of funds), and assets (representing the
significance of the shock to the total balance sheet of the institution involved). Thus, to
facilitate the interpretation of results, it is useful to have information on the capital, income,
and assets of the institutions involved in the stress test:

o For capital, information on tier one capital,” particularly shareholders funds
(consisting of common stock, disclosed reserves, and retained earnings) provides a
useful measure of the ability of the institution to absorb losses that is not affected by
the treatment of goodwill, deferred tax credits, or innovative financial instruments.
Total capital also provides information on additional sources of funds to absorb
potential losses.

o For income, a range of definitions can be used, including core cash flows such as
EBITDA (earnings before interest, taxes, depreciation, and amortization), ordinary
income (operating income plus nonoperating income and expenses before deduction
of extraordinary items) and profits before and after taxes.

o For assets, total assets provides a useful measure of the scale of the balance sheet.
Other potential measures include quick assets (generally cash and marketable
securities and short-term receivables, which is a rough estimate of assets that can be
liquidated at short notice), and current assets (generally quick assets plus inventories).

S Often referred to as core capital or original own funds.
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