ASSESSING CREDIT RISK IN THE
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INTRODUCTION

Therecurrent financia crisesin the devel oped and devel oping economiesduring
thelast two decades show how costly these events can be'. They aso underscore
theimportanceof financia stability asan economic policy consideration. Among
the authoritiesresponsiblefor overseeing financial stability, central banksplay
an extremely important role, one that is gaining ground among monetary
authorities, Sncemost economieshave madeimportant progresstowardsreducing
inflation.

Accordingto Large (2005)?, thereare at | east threethings central banks must
do to encourage financial stability. They first must assess the threatsto the
financia system. Secondly, they must monitor stability of the payment system
and take actions to reduce any risk on this front. Finally, as lenders of last
resort, they must beabletoinject liquidity, evenintimesof crisis.

Stress test exercises have become a fundamenta tool for evaluating the
soundnessof thefinancia system and thethreatsit faces. They involveanumber
of waysand meansto assessthefinancia system’ svulnerability to exceptional
but plausible shocks. The use of these exercisesisnow common practicewithin
financia ingtitutionsand in multilateral organizations, supervisory bodies, cen-
tral banks and privatefinancial ingtitutions®.

The purpose of thisarticleisto determine, based on exercises of thistype, how
sound the Colombian financial systemisintheface of credit risksthat could

With the help of Inés P. Orozco and Nancy E. Zamudio in developing the commercial-loan
exercise and the valuable assistance of Diego Vasquez with respect to all the econometric
exercises. The opinions expressed herein imply no commitment on the part of Banco de la
Republica or its Board of Directors. The suggestions made by Fernando Pineda and the comments
by José M. Matus, David Salamanca, José L. Torres and Hernando Vargas are greatly appreciated.
This is a work in progress and any comments and/or suggestions are welcomed.
camayago@banrep.gov.co

1 For example, the fiscal cost alone for a sample of 40 countries was estimated by Honohan and
Klingebiel (2000) at 12.8% of GDP, on average.

2 Large (2005) bases his discussion on the Bank of England case.

8 The financial sector assessment programs (FSAPs) of the IMF, Bank of England, Central Bank
of Chile and others are an example.
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materialize. Although, in the short term, the major threatsto the country’s
financial system come from the market risks associated with the domestic
public debt*, thelast crisiswas generated largely by anincreasein credit
risk. Thisisthereason for examining the financial system’scurrent stability
inthe event of macroeconomic changesthat could affect debtors' ability to
pay (i.e. householdsand corporations).

The present articleincludesthree sections, in addition to thisintroduction.
Asapreludeto the stress test exercises, the second section explainsthe
spirit behind them. Thethird proposes several statistical modelsto assess
just how sound the Colombian financial system isin terms of dealing with
eventual macroeconomic shocks. Thelast section discusses the weaknesses
of the exercisesand concludes.

1. WHAT DO STRESS TEST EXERCISES ENTAIL?

Because stresstest exercises are afundamental tool for assessing financial
stability, their nature is examined in detail in this section, as well is the
difficultiesthat arise when devel oping exercises of thistype, with aparticu-
lar emphasis on credit risk®. The exercises simulate hypothetical crisis
scenariosin an attempt to determineif thefinancial system would be able
to resist these events were they to occur. Unlike the so-called early war-
ning models, these exercises do not assign alikelihood of occurrence to
such events.

A. What should they involve?

Stress testing exercises have four basis phases. The scope of the exercise
should be designed in thefirst phase and the macroeconomic scenario under
stress, in the second. The impact of the stress on the system’s stability
should be assessed in the third phase and the possibl e feedback effects, in
thefourth. The details of these phases are discussed below.

In an exercise of thistype, the first step isto define its scope. Doing so
implies defining the set of relevant financial institutions and how they will
be approached. For example, some studies focus exclusively on banks,
occasionally only thelargest. It also is necessary to decide on the type of
financial assetsto be examined. Many studies concentrate solely on the
banking book, particularly consumer, commercial and interbank credit.

4 See the July 2005 Financial Stability Report.
5 This section closely follows Bunn et al. (2005) and Sorge (2004).



The second step isto design the stressed macroeconomic scenario, based
on one or more shocks. Considering thetype of risk being analyzed (credit
risk inthiscase), it isessential to identify therisk factor(s) to be takeninto
account, the parameters under stress (e.g. prices, volatility, correlations)
and thetime horizon. A properly constructed macroeconomic scenario will
take into account the correlation existing among the different variables’.
However, many analysesinclude sensitivity exercisesthat examinethe effect
of an extreme changein aparticular variable, without considering itsimpact
on the others.

Selecting the size of the shock is crucial to the design of the scenario.
Shocksthat aretoo small or too large can deprive the exercise of itsvalidity.
Inany case, the exercise should be extreme but plausible. Generally speaking,
there are four different methods for deciding on the size of the shock. The
first consists of gauging or weighing the shocks against historical
observations, so the one selected replicates an event in the past. The second,
which involves probability, implies selecting ashock that isfound in ahigh
percentage of the variable sdistribution (e.g. in 95% of the movement in
interest rates on consumer loans). The third is based on hypothetical
scenarios, which do not necessarily have a parallel in reality. Another
approach isto answer the question: How big ashock isrequired to generate
|osses above a particul ar threshold?

Inthethird phase, theimpact of the shocks on the system’ sstability should be
quantified. Thisnecessitatesfirst taking alook at how the new macroeconomic
environment affectsdebtor’ sbal ance sheet. Deteriorating economic conditions
for debtorseventually lead to portfolio problemsfor financial indtitutions. It lso
isimportant to contemplatetheimpact on the baance sheetsof theseindtitutions,
solely asaconsegquence of the changein the macroeconomic scenario. Once
these two effectshave been quantified, theimpact on the health of thefinancial
ingtitutions should be assessed.

Takinginto account thefeedback effect dso can enrichtheanaysis. For example,
it permitsalook at contagion on theinterbank market or added deteriorationin
the macroeconomic panorama, as aresult of how the agentsrespond (decline
economic activity dueto less credit supply). However, thisisaparticularly
complicated aspect, given the difficultiesthat emerge when trying to model
interaction between financid ingtitutionsfragility households and corporations.

& 6 For example, the Bank of England uses the ones established in the Inflation Report as base
scenarios.
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B. Difficulties

Difficulties, both methodological and data-oriented, generally arise when
conducting exercises of this type. For one thing, the events under
consideration arefairly unlikely; that is, they are extraordinary and difficult
to design or predict. The oppositeistruein the case of price stability,
where the central scenarios and not the tails of the distributions are
considered. For example, interms of traditional econometric modeling,
which implies linear relations, this poses a problem. At times of crisis,
these models cease to be a good approximation, because the size of the
shocks makes nonlinearity an important element to consider. (See Bunn
et al. (2005).

Ontheother hand, thelack of sufficiently time serieslong makesit difficult
to arrive at statistical estimates of relations existing during the crisis
periods. Not only isthisaproblem in the Colombian case; it occursregularly
at theinternational level. Asan example, for the Colombian case, monthly
bank balance-sheet information is available only as of 1990. For
corporations, it isavailable on an annual basisonly asof 1995. Thereisno
adeqguate regularly information on househol ds, which meanswe have only
one observation of acrisi: that of the late nineties.

In addition, this analysis is made even more complex by the rapid and
significant changes witnessed recently on the financial markets. The
development of new instruments and new practices, coupled with the
advent of new participantsin this market, have made it more difficult to
examine.

I1. EXERCISES

The exerciseswere done to assessthe ability of commercial and mortgage
banks to withstand macroeconomic shocks that heighten credit risk’. For
this purpose, modelsto explain portfolio quality, which isunderstood as
the post due loans/total loans portfolio ratio, were estimated for consu-
mer, mortgage and commercial credit. The nature of the macroeconomic
shocksin question is historical. We assume they are independent, even
when all the variablesin certain statistical models are endogenous (i.e.
the multivariate error-correction models). Impairment in financial activity

7 We examined these institutions because they are the most important intermediaries in the
Colombian financial system. The sample includes 21.



because of changes in the macroeconomic situation is not taken into
account, nor do the exercises have feedback effects.

In terms of consumer and mortgage credit, the household analysis is
problematic because balance sheets do not exist. Hence, it difficult to trace
the effect shocksto macroeconomic variables have on household finances.
Asaresult, theimpact changesin the variables have on the post due loans/
total loans portfolio ratio is analyzed directly. The contrary occurs with
corporations, where balance-sheet information isavailable and, therefore,
it is possible to analyze how changesin macroeconomic variables affect
corporate balance sheets.

A. Statistical Models
1. The Household Portfolio

Dueto the lack of household account balances, one must look directly at
the relationship between macroeconomic variables and the portfolio quality
indicator. However, in most cases, the use of macroeconomic data is
characterized by probability distributionsthat change over time. Thisisknown
asnon-stationarity, Asaresult, some studies, such asone by Delgado and
Saurina (2004), use time series techniquesto analyze these rel ationships.
Thisparticular work uses cointegration techniques along thelines of Johansen
(1988) and Johansen and Joselius (1990). It isimportant to point out, as
Hoggart, Soransen and Zicchino (2005), that these modelsimply the stress
testsare conditional to the historic correlation of the variables. Thisapproach
also allowsfor identifying possible feedback effects, such asthose mentioned
inthe previous section.

2. Consumer Credit

Itisto be expected that adeclinein economic activity and higher interest
rateswill bring on increase post due loans, insofar as households’ income
decline and assume more of afinancial burden. Taking thisfactor into account,
aVEC model was estimated for the credit quality indicator, the GDP and
the reference interest rate (DTF)®. The exercise covers the period from
January 1994 to March 2005°.

8  8The estimated model also contains centered seasonal dummies and dummies for different
episodes. In the long-term relationship, it has a constant and a tendency; there is only a
constant (cdrift) in the short-term relationship. The GDP in logarithms is used.

®  GDP was adjusted monthly, pursuant to the method proposed by Feibes and Lisman (1967) and
Denton (1971). See the attachment.
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In the estimated model, all the variablesare part of

the cointegration variable; they are not stationary
ADDITIONAL PASsT DUE CONSUMER LOAN . .
(PERCENTAGE) and noneisweak exogenous. Theresiduesare nor-
mal and show no autocorrelation. The trace test,
corrected by a small sample as suggested by to

Period Shock 1 v Shock 2 2 Shock 3 3/ .
Cheung and Lai (1993), produced only one
& months 34 4.4 78 cointegration vector to corroborate the previous
12 months 6.4 5.9 12.2

intuition (i.e. correct signs).

1/ 450 bp increase in the DTF.
2/ 6.8% drop in GDP.

Y1ad2 Becausedl thevariablesin the cointegration analysis
Source: The author's calculations. y
are endogenous, the system’ sresponse to changes
in some of them has to be examined by looking at the impulse response
functions (See L utkepohl, 1993)1°.

Thefollowing scenarioswere considered to determine how the portfolio quality
indicator isaffected by different shocksto macroeconomic variables: 1) an
increase of 450 basis points(bp) inthe DTF, similar towhat occurred between
May and June 1998; 2) adrop of 6.8% in GDP, as observed in the second half
of 1999; and 3) acombination of both these scenarios. Theresultsare shown
inTablel.

3. Mortgage Credit

Recent changesin the mortgage market makeit difficult to design econometric
modelsfor thelatest trend in the mortgage portfolio. First of al, the market
hasshrunk considerably. At December 1998, the mortgage portfolio accounted
for 10.9% of GDP, asopposed to only 2.6% at December 2004. Secondly, in
thewake of thecrisis, the credit indexing system no longer depends on market
rates(e.g. DTF) and isnow afunction of inflation. Finally, mortgage-portfolio
securitization processesare now regulated by law and have had amajor impact
on thefinancing system.

In spite of these problems, aVEC model was estimated for the period from
January 1994 to December 2004. Thefollowing variableswere used: GDP,
the DNP housing priceindex and the quality index for the mortgage loans.
Declinein economic activity and lower housing prices, which increaseloanto
value, should undermine the quality of the mortgage portfolio**. Centered
seasonal dummies were included, as were control dummies for portfolio
securitization.

© In an exercise of this type, although the shock occurs in just one time period, it lasts (with | (1)
as the variable) and, because of the endogenous nature of the system, affects all the other
variables in the model. This is important to bear in mind.

4 See Amaya and Martinez (2005).
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Thetracetedt, corrected by Cheung and Lai (1993),

produced two cointegration vectors; only one of

. . ADDITIONAL OVERDUE MORTGAGE PORTFOLIO
which showed adequate signs. Impulse response (PERCENTAGE)
functionswere calculated to quantify growthin the
post due loans as a result of the slowdown in

. L. . R Period Shock 1 v Shock 2 2 Shock 3 3
economic activities and lower housing price. We
inai f 6 months 3.27 4.27 7.53
assumed adrop equa tothedeclinei nconsumer cre_dlt o it o 15 oa
usefor GDPand an 8% drop for housing prices, which
|S G}UIV&| ent '[0 the a\/el’age deCI | nefor bOth consu- 1/ Drop in the housing prices index (8%).

2/ 6.8% drop in GDP.

mer credit and housing pricesduring 1996-2000. Table Ylad2 _
2 Contal ns the raJltS_ Source: The author's calculations.

4.  Corporate Portfolio

The Securities, Corporate and Banking Superintendencies provided the data
used inthisexercise. The sampleincludes 14 major economic sectorsduring
the period from 1998 to 2004. A two-stage procedure was conducted to gauge
the increase in the post due loans as aresult of changes in macroeconomic
conditions. The effect of macroeconomic shocks on theincome statement of
the corporations in the sample was analyzed in the first stage to determine
profits after the shocks!2. For example, adrop in salesimmediately meansless
operating income. This spells a change in profits, which affects corporate
profitability. A panel data model was estimated at the same time, with the
indicator of portfolio quality asthe dependent variable and asset profitability
return on asset astheindependent variable. Deterioration inthecommercial
portfolio was cal culated with the new profitability and the estimatesfrom the
modd.

The statistical tests produced arandom-effectsmodel wheretheintercept and
sdopesvary by individual 2. Thefollowing wastheresulting mode!:

(1) Yi,tzké&jlbk,i Xk,i,t+ek,i,t

Asshownin Table 3, the quality of the commercial portfolioisinversely
related to corporate profitability. Agriculture, livestock, hunting/forestry and
construction were the sectors most sensitive to changes in profitability
(hence, their portfolio quality also would be affected the most). The least
sensitive sectors were education and real estate, business and rental
activities.

2 The selected shocks include a 450 bp increase in interest rates and a 9% drop in sales, as occurred
during the crisis, plus a combination of the two.

B The Hausman test identified the model as one of random effects. The Swamy test then determined
that the slopes varied among individuals.
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An additional exercise was doneto consider tradables and nontradables
corporations separately. In the case of the tradables producers, the
statistical tests determined that arandom-effects model wasrequired, in
which theintecept varied among individuals, but not the slopes. A random-
effects model with an intercept and slopesthat varied among individuals
was estimated for the nontradabl es producers. Table 4 shows the 2004
values of the variablesincluded in the panel and the coefficients estimated

by group.
B. Financial Institutions Soundness

Theforegoing model sdetermine the additional percentage of the post dueloans
that would result from the macroeconomic shocks. However, it dsoisimportant

COMMERCIAL PORTFOLIO BY ECONOMIC SECTORS
Sector Per centage of Profitability = Constr. b
Portfolio Overdue
Portfolio
Agriculture 3.90 12.80 1.30 0.41 (9.29)
Fishing 0.10 2.80 (2.30) 0.16 0.79
Mines 1.70 3.90 31.40 0.36 (1.27)
Industry 37.30 7.20 4.80 0.27 (1.58)
Electricity 6.70 8.40 6.30 0.08 0.29
Construction 5.90 16.70 4.20 0.44 (3.25)
Commerce 19.10 5.60 6.10 0.22 (2.51)
Hotels and Restaurants 0.50 36.00 1.60 0.38 (3.19)
Transport and Communications 5.90 10.50 1.10 0.19 (1.12)
Financial Intermediation 6.20 6.80 3.70 0.14 (1.10)
Real Estate Agencies 6.40 2.10 0.70 0.21 (0.40)
Education 1.10 3.10 1.50 0.12 (0.65)
Health 1.50 12.10 8.00 0.35 (1.19)
Others 3.70 5.90 2.20 0.25 (3.80)
Total 100.00 7.70 5.10 0.25 (1.59)
Source: Orozco y Zamudio.
COMMERCIAL PORTFOLIO: TRADABLES AND NONTRADABLES SECTORS
g U
Sector Per centage of Rentabilidad  Const, b
Portfolio Overdue
Portfolio
Tradables 42.5 7.61 7.56 0.27 -0.978
Nontradables 57.5 7.72 3.16 0.25 1.593
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to see how these shocks affect the soundness of the financial institutionsin
guestion. To do so, thelosses generated by these shocksasaportion of profits
and the impact this would have on the capital adequacy ratio (CAR) were
quantifiedintheexercises.

It isassumed the post due | oans affects the bal ance sheets of banksin two
ways. First, banks must register an additional expense for provisionson
their income statement, due to deterioration in the portfolio. Asdone by
IMF (2005), we assume 45% of the losses. Secondly, the post dueloansdo
not generate any interest income. To determinethis

cost, the implicit lending rates, constructed as
income from interest on the performing loan, are

. . COST AsS A PERCENTAGE OF PROFITS
calculated for each type of loan, asistheincome (12 MONTHS)

that isno longer perceived. It isassumed the loan
stops earning interest (i.e. becomes non-

X . Shock 1 Shock 2 Shock 3
performing) the moment it falls due. Both these
eff_ects influence p_roflts, as well asthe solvency ggnmggrgr'a‘ o “23‘31 >
ratio, through technical equity. Mortgage 12 11 19
Total 34 88 111
Table 5 shows how the selected macroeconomic cource: Authors saculaions
shocksimpact thefinancial institutionsasawhole,
per type of loan and shock. In this case, the cost
of the shock was calculated as a portion of the
profits. Both the loan portfolio and the profits of ) )
thesefinancial institutions at October 2005, for a MAYORES A Las mie ioAmEe TOS SERIAN
12-month period, are used in the exercise. (12 MESES)
However, this leads us to underestimate the
outcome, since adverse economic shocks should Shock 1 Shock 2 Shock 3
reducethe extent of profits. Commercia 1 . .
Consumer 1 1 3
At an aggregate level, the results suggest the _l\r/loc;;tlgage (2’ 100 1;
financia systemwould be abletoresist heavy price
or output shocks. However, if asituation similar to Source: Author's calculations.
the crisisin the late nineties were to occur with
simultaneous shocks, the financial system as a
whole could not cover these obligations, at |east
with prOfitsaSthey now stand. NL/JME’RO DE BANCOS CUYA QELACIéN DE SOLVENCIA
CAERIA POR DEBAJO DEL MINIMO
(12 MESES)
Tables 6 and 7 offer a breakdown of the results.
The number of bankswhere the cost of the shock
would exceed profitsisshownin Table 6. Table 7 Shock 1 Shock 2 Shock 3
lists the number of banks whose CAR would fall Commercial 0 4 5
below the minimum (9%) and the total impact of fﬂ%?f;g“g‘z g g ‘j
the shock on the CAR of the banksasawhole. It Total 5 8 12
should be noted that the sum of the banks, per type Relacion de
of portfolio, isnot equal tothetotal. Thisisbecause solvencia (%) 11.8 9.8 8.9
the cost of the shock might be moderate for an Source: Author's calculations.
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institution, depending on the type of portfolio. However, the sum of the
costs for each type of portfolio could exceed thereported profit level or be
enoughto lower the CAR considerably.

Asthetablesindicate, if the country wereto face another situation similar
to the crisisin the late nineties, most banks would be in trouble. Shocksto
economic activity are particularly relevant, asthey arefor the entire system.
Intermsof profits, it would be enough to causelossesfor 10 intermediaries
and to place the CAR at 9.77%. A combination of shocksto prices (i.e.
interest rates and housing prices) and economic activity would spell losses
for 15 institutions and place the capital adequacy ratio (CAR) below the
mandatory minimum.

It isimportant to remember that the exercises presented in thisarticle exa-
mine only credit risk. None of the other risks (e.g. market and liquidity
risks) are considered. These surely would increase in unstabl e environment
asthe assured above. Generally speaking, the results denote fragility among
thefinancial institutionswhen it comesto dealing with historically large
macroeconomic shocks. Despite record-high profit levels, aCAR well above
the minimum and extremely low credit-risk levels, drastic changes in
macroeconomic conditions could significantly affect thefinancial system’s
Sability.

IIl. CONSTRAINTS AND CONCLUSIONS

Although these exercises are far from a complete analysis of the financial
system’ svulnerability to credit risk, they do offer aninitial frame of reference.
Despite very high profitsand acomfortable capital adequacy ratio (CAR)
inthefinancial system, these exercises show that macroeconomic shocks
similar to the ones observed during the last crisis, particularly in economic
activity, would create serious stability problems for the system. These
findings underscore theimportance of moving forward with regulationson
credit risk and anti-cyclical provisions.

Intermsof stress-testing techniquesto help assess the soundness of financial
institutions, much remainsto be done, even internationally. The exercises
conducted for this article have certain weaknesses that are important to
point out for the sake of progress towards more sophisticated and
comprehensive procedures. To begin with, the relationship between
exogenous shocks to the economy and the balance for the agentsin the
sample needsto beimproved (mapping). Thisimplies adequately designing
the channel s through which movement in the macroeconomic variables
affects the soundness of debtors and credit institutions alike, and the
rel ationship between them. Part of the problem in thisrespect isthelack of
data, particularly on househol ds. Having this datawoul d enable usto broaden
the analysis to include other types of risk. Secondly, it is important to



understand how shocks correl ate to one another. For example, we need to
understand how interest rate hikes by the central bank can affect output,
theinterest on government bonds, the exchangerate, etc. Thiswould help
to create consistent macroeconomic scenarios. Because they assume
independence among the variabl es, the present exercises may be somewhat

biased.
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ECONOMETRIC APPENDIX

The monthly GDP derivation based on the quarterly GDPfollowsthe method
proposed by Boot et al. (1967) and Denton (1971). The problem, as Denton
illustrates, isaspecific case where an attempt is made to adapt ahigh frequency
series, from aparticular source, to another that islessfrequent and originates
with adifferent source.

Theproblem in adjusting an original low-frequency seriesto onewith ahigh-
frequency can beresolved with amethod that somehow minimizesthedistortion
of theoriginal seriesand satisfiesthe condition which stipul atesthat the sum of
themonthly valuesmust be equal to the quarterly total. For example, inthecase
of GDP, the sum of the monthly GDP estimated during a quarter should be
equal to the quarterly figurereported by DANE.

One possible consideration would be to minimize the sum of the differences
between the successive months, with the restriction that, for each quarter, the
sum of themonths should be equal to that of the quarter.

Formally speaking, if we have nyears, we want to choosethe x that minimizes
thefollowing expression:

(2 min g_nz (X - %)
"~ sa
$2k
® a x=tk=12..n)

i=12k-11

Here, x; representsthe monthly observation and tk, thetotal for quarter k.

Asistraditional, the problem isresolved by using the lagrangian function and
derivationwithrespecttox y and| . Thex arethe monthly valuesthat solve
the problem and satisfy thefollowing first-order condition:

4 (B -J x} _ {0

J 0 I t
Here, xisthevector of 12n elements, | isthevector of nlagrangians, t isthe
vector of ntotal quartersand Oisazero matrix of dimensionn” n.

The J matrix, of dimensionn” 12n, for n=2, isprovided by:

G J= 111111111111000000000000
ooooo00000O00O0O0O111I1I1I1111111
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