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Stress testing has become the risk management tool du jour in the wake of the global
financial crisis. In countries where the information reported by financial institutions is
considered to be of sufficiently good quality, and supervisory and regulatory standards are
high, stress tests can be of significant value. In contrast, the proliferation of stress testing in
underdeveloped financial systems with weak oversight regimes is fraught with uncertainties,
as it is unclear what the results actually represent and how they could be usefully applied. In
this paper, problems associated with stress tests using weak data are examined. We offer a
potentially more useful alternative, the “breaking point” method, which also requires close
coordination with on-site supervision and complemented by other supervisory tools and
qualitative information. Excel spreadsheet templates of the stress tests presented in this paper
are provided.
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I. INTRODUCTION

The global financial crisis has placed the topic of stress testing firmly in the spotlight.” Issues
such as the methodologies and assumptions applied in stress tests, and the availability (and
quality) of data used in those tests have come under close scrutiny, amid heated debate about
transparency and the desirability of making stress test results public. The ongoing discussion
is clearly very relevant for countries with more advanced financial systems—and oversight
practices—where well-designed stress tests could add significant value to risk management
and contingency planning by both the authorities and individual financial institutions. Robust
stress tests are also useful for the financial surveillance work done by international financial
institutions, including the International Monetary Fund (IMF).

The use of stress tests as an off-site supervision tool has also gained momentum in lower-
income countries with typically underdeveloped financial systems.’ However, in many of
these countries, supervisory capacity is low, human resources are limited, the regulatory
framework remains largely inadequate and the track record on implementation and
enforcement tends to be weak. As a result, the necessary data required for stress testing are
usually of poor quality, i.e., insufficient, incomplete or inaccurate. In such instances, the
desire to keep up with international developments by running stress tests on the respective
financial systems is potentially fraught with problems. Indeed, it could do more harm than
good if the flawed findings cause undue consternation or lead to inappropriate decisions and
actions.

This paper will briefly discuss the problems associated with stress tests that are usually
applied to underdeveloped banking systems and then propose a more useful alternative. We
focus our analysis on the stress testing of credit risk in the banking system and its impact on
solvency, which tend to be the key concern in many of these countries. We demonstrate how
a modified version of Cihak’s (2007) credit risk stress test could be used to complement
other supervisory actions, including on-site examinations by supervisors. Consequently, we
suggest that any stress testing performed in underdeveloped banking systems would have to
be closely coordinated with on-site supervision and complemented by other supervisory tools
and information to be useful in any way, since stand-alone stress test results would likely be
meaningless.

2 See Basel Committee on Banking Supervision (2008a, 2008b, 2008c, 2009a, 2009b). Cihak et. al (2010,
forthcoming) presents a detailed discussion on the weaknesses in many existing stress test methods and
recommendations for improvement.

* In these countries, top-down stress tests—where the impact of macroeconomic shocks and scenarios on
financial sector variables is estimated by using aggregate data—are usually introduced by counterparts from
more developed financial systems providing technical assistance, or by international financial institutions, such
as the IMF, during their surveillance or technical assistance missions. Supervisors may then adjust the stress test
models over time to suit developments in their own financial systems. Banks operating in these countries
typically do not run bottom-up stress tests, either because they are not required to or because they lack capacity.



This paper is structured as follows. The data are briefly described in Section II. Section III
discusses the problems associated with the simple stress test model that is commonly used for
countries with more basic financial systems, where data quality may be questionable. Section
IV proposes an alternative method for stress testing, which is less dependent on data quality
and the highly subjective assumptions of stress testers, to complement on-site supervision.
Our concluding thoughts on the topic are presented in Section V.

II. THE DATA

We use hypothetical numerical examples to illustrate the issues raised in this paper. The data
are presented as follows:

o An assumed set of capitalization and credit data for the banking system of “Country
X,” which comprises 5 individual banks, is used as the baseline (Table 1).

o The local definitions of loan classifications and their corresponding provisioning
requirements are also assumed (Table 2).

J The required capital adequacy ratio (CAR) for banks in Country X is assumed to be
12 percent, below which banks would be required to recapitalize.

Several key assumptions are also made with regard to the calculation of the CAR:

o Risk-weighted assets (RWA) are assumed to remain the same post-shock, which
would translate to a more conservative result.*

o Profits are assumed to be zero for the period of the shock, so the full impact is
reflected in capital.

o Where loans by classification are available, they are assumed to have been fully
provisioned for prior to the shock; where less granular information is available, loans
may be under-provisioned for.

o In all cases, provisions are topped up post-shock to ensure that loans are again fully
provisioned for.

III. WEAKNESSES IN THE “AD HOC SHOCK” METHOD

Ideally, reliable macroeconomic and financial data would be available for modeling the
impact of external shocks on banks’ balance sheets in stress tests. Specifically, econometric
models would be used to quantify the historical relationship between shocks to selected

* Under the standardized approach, RWA would decline when problem loans are written off.



macroeconomic variables and non-performing loans (NPLs).” A variety of macro-scenarios
would be applied and their effect on NPLs, and consequently, loan-loss provisions and
capitalization would be estimated.

In the absence of such data, stress testers have to subjectively make assumptions about the
size of shocks to banks’ loan portfolios and possibly take other “short cuts” in designing the
top-down stress tests.® The possible scenarios are:

1.

Shocks to aggregate NPLs vs. to loans by classification. The shocks are applied
directly to the aggregate NPLs of the banking system as a whole when more granular
data on loan classifications are not available. Provisions may be estimated using one
of two methods, depending on data availability:

a. Assume provisions of 100 percent of NPLs when calculating the impact of the
shocks on capital adequacy, in the absence of more granular information on
provisioning requirements; or

b. Assume provisions using the average of performing and non-performing
provisioning rates, where information on provisioning requirements is available.

Shocks to the banking system vs. to individual banks. When individual bank data are
either not provided or incomplete, “back of the envelope” stress tests are performed
on the system as a whole with some form of aggregated data.

Shocks of ever larger magnitudes to NPLs. Credit shocks of increasingly larger
magnitudes are applied to estimate the impact on capitalization. Such shocks are
usually multiples of existing NPLs or involve increasingly larger proportions of
performing loans becoming NPLs.

For the purposes of this paper, ad hoc shocks, as defined in Table 3, are applied to each
scenario and the results are analyzed.

> See Cihak (2007) for a discussion of the research employing such models.

% Our references to stress testers in this paper apply to supervisors who perform stress testing and third parties,
such as IMF staff, who perform stress testing as part of their surveillance work.



(In millions of domestic currency units unless stated otherwise)
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Table 1. Baseline: Selected Bank Balance Sheet Iltems for Country X, as at End-2009

(4)

()

(6)

Row Number and Formula  [ltem Provisioning All Bank 1 Bank 2 Bank 3 Bank 4 Bank 5
Rate Banks
) Capital 530.0 30.0 160.0 220.0 80.0 40.0
() RWA 3,520.0 170.0 1,100.0 1,400.0 550.0 300.0
(3)=(1)/(2)*100 CAR (in percent) 15.1 17.6 14.5 15.7 14.5 13.3
(4)=(5)+(8) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(5)=(6)+(7) Performing loans 1,375.0 65.0 365.0 590.0 275.0 80.0
"6) Normal and pass loans 1,250.0 55.0 330.0 530.0 260.0 75.0
"17) Special mention loans 125.0 10.0 35.0 60.0 16.0 5.0
(8)=(9)+(10)+(11) NPLs 73.0 6.0 20.0 25.0 12.0 10.0
19) Substandard loans 26.0 3.0 10.0 5.0 5.0 3.0
"110) Doubtful loans 20.0 2.0 5.0 10.0 2.0 1.0
11) Loss loans 27.0 1.0 5.0 10.0 5.0 6.0
(12)=(8)/(4)*100 NPL ratio (in percent) 5.0 8.5 5.2 4.1 4.2 11.1
13) Total provisions currently held 1/ 58.5 3.5 13.9 23.1 10.1 8.0
(14)=(15)+(17) Total provisions that should be held 58.5 3.5 13.9 231 10.1 8.0
(15)=(16) General provision 12.5 0.6 3.3 5.3 2.6 0.8
(16)=(6)*Rate against normal and pass loans 0.01 12.5 0.6 3.3 5.3 2.6 0.8
(17)=(18)+(19)+(20)+(21) Specific provision 46.0 2.9 10.6 17.8 7.5 7.3
(18)=(7)*Rate against special mention loans 0.03 3.8 0.3 1.1 1.8 0.5 0.2
(19)=(9)*Rate against substandard loans 0.20 5.2 0.6 2.0 1.0 1.0 0.6
(20)=(10)*Rate against doubtful loans 0.50 10.0 1.0 2.5 5.0 1.0 0.5
(21)=(11)*Rate against loss loans 1.00 27.0 1.0 5.0 10.0 5.0 6.0
(22)=(13)-(14) Under/over- provisioning 0.0 0.0 0.0 0.0 0.0 0.0

Source: Authors’ calculations.
1/ ltis assumed that NPLs are fully provisioned for initially.



Table 2. Loan Classifications and Provisioning Requirements for Country X

Classification Definition Provisioning
Requirement
(In percent of
outstanding

amount)
Performing loans
Normal and pass loans Assets in this category are performing in accordance 1
with contractual terms and are expected to continue
doing so.
Special mention loans Any loan which is past due 30 days or more but less 3
than 90 days.
NPLs
Substandard loans Any loan which is past due 90 days or more but less 20
than 180 days.
Doubtful loans Any loan which is past due 180 days or more but less 50
than 360 days.
Loss loans Any loan which is past due 360 days or more. 100

Table 3. Stress Test Assumptions: Ad Hoc Shocks to Asset Quality

Scenario  Type of shock

1. Shock to aggregate NPLs vs. to loans by classification:
Aggregate NPLs increase by 400 percent with provisions assumed at 100 percent
vs. each NPL classification increases by 400 percent with performing loans
representing the remainder, distributed proportionally and with graduating provisions.

2. Shock to the banking system vs. to individual banks:
Each NPL classification increases by 400 percent with performing loans
representing the remainder, distributed proportionally and with graduating provisions.

3. Shocks of ever larger magnitudes to NPLs:
Shock to NPLs
NPLs increase by 100 percent.
NPLs increase by 200 percent.
NPLs increase by 400percent.
Shock to performing loans

10 percent of performing loans become NPLs.
20 percent of performing loans become NPLs.
40 percent of performing loans become NPLs.




A. Analysis

The first question that should be asked prior to performing any stress test is whether the
reported data are reliable, so as to determine the possible size of the shocks. If the
information is of sufficiently good quality, then shocks over the short-term to banks’ balance
sheets should realistically be constrained by the amount of loans in each classification. By
definition, past due loans typically migrate from one classification down to another over
time, which means that the impact of any shock to credit quality—no matter how severe—
should be limited to the outstanding amount in any one loan classification. The constraint of
maximum possible loans migrating down classifications is sometimes overlooked in stress
tests.

The maximum amount by which a loan category can increase in the short-term following any
shock should be equivalent to the balance in the category above it. As we show in Table 4,
the worst possible shock to both, performing and non-performing loans (rows 6, 7, 9 and 10)
should result in the total amount in each category move down by one step (rows 25, 27, 28
and 29). With the exception of doubtful loans, other categories of loans do not become loss
loans—requiring 100 percent provisioning—straightaway. The resulting impact on
capitalization from the required increase in provisions appears relatively modest (row 41) at
between 1.3-2.8 percentage points. Indeed, none of the banks in the example would be
required to recapitalize following the shock. Therefore, to the extent that shocks applied to
asset quality in each loan classification exceed the maximum possible amount as described
above, the stress test must be assuming actual shocks plus some under-reporting of NPLs, or
that the stress test horizon is over the medium- to long-term.

Another caveat is that loan books may be very different across banks and are thus affected
differently when a shock occurs. For instance, a bank with a loan book that consists
predominantly of speculative commercial property is likely to be harder hit than one which
has focused its lending on residential mortgages. Thus, the application of shocks of uniform
magnitudes across banks may be highly unrealistic and likely uninformative. However,
granular data are typically unavailable in countries where data reporting and collection are
weak and incomplete. In this case, the design of the stress tests may have to take into account
more qualitative information, such as anecdotal evidence about the composition of individual
banks’ loan books.



Table 4. Ad Hoc Shock Stress Test: Maximum Possible Migration Down

(In millions of domestic currency units unless stated otherwise)

Classifications

(M @ 3 4) ®) 6)
Row Number and Formula |ltem Provisioning All Bank1 Bank2 Bank3 Bank4 Bank5
Rate Banks

Pre-shock
(1) Capital 530.0 30.0 160.0 220.0 80.0 40.0
) RWA 3,520.0 170.0 1,100.0 1,400.0 550.0 300.0
(3)=(1)/(2)*100 CAR (in percent) 15.1 17.6 14.5 15.7 14.5 13.3
(4)=(5)+(8) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(5)=(6)+(7) Performing loans 1,375.0 65.0 365.0 590.0 275.0 80.0
(6) Normal and pass loans 1,250.0 55.0 330.0 530.0 260.0 75.0
(7) Special mention loans 125.0 10.0 35.0 60.0 15.0 5.0
(8)=(9)+(10)+(11) NPLs 73.0 6.0 20.0 25.0 12.0 10.0
9) Substandard loans 26.0 3.0 10.0 5.0 5.0 3.0
(10) Doubtful loans 20.0 2.0 5.0 10.0 2.0 1.0
(11) Loss loans 27.0 1.0 5.0 10.0 5.0 6.0
(12)=(8)/(4) NPL ratio (in percent) 5.0 8.5 5.2 4.1 4.2 1.1
(13) Total provisions currently held 1/ 58.5 3.5 13.9 23.1 10.1 8.0
(14)=(15)+(17) Total provisions that should be held 58.5 3.5 13.9 23.1 10.1 8.0
(15)=(16) General provision 12.5 0.6 3.3 5.3 2.6 0.8
(16)=(6)*Rate against normal and pass loans 0.01 12.5 0.6 3.3 53 2.6 0.8
(17)=(18)+(19)+(20)+(21) Specific provision 46.0 29 10.6 17.8 7.5 7.3
(18)=(7)*Rate against special mention loans 0.03 3.8 0.3 1.1 1.8 0.5 0.2
(19)=(9)*Rate against substandard loans 0.20 52 0.6 2.0 1.0 1.0 0.6
(20)=(10)*Rate against doubtful loans 0.50 10.0 1.0 2.5 5.0 1.0 0.5
(21)=(11)*Rate against loss loans 1.00 27.0 1.0 5.0 10.0 5.0 6.0
(22)=(13)-(14) Under/over- provisioning 0.0 0.0 0.0 0.0 0.0 0.0

Post-shock

Shock: All loans migrate from one classification down to the next

=(4) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(23)=(4)-(26) Performing loans 1,250.0 55.0 330.0 530.0 260.0 75.0
(24)=0 Normal and pass loans 0.0 0.0 0.0 0.0 0.0 0.0
(25)=(6) Special mention loans 1,250.0 55.0 330.0 530.0 260.0 75.0
(26)=(27)+(28)+(29) NPLs 2/ 198.0 16.0 55.0 85.0 27.0 15.0
(27)=(7) Substandard loans 125.0 10.0 35.0 60.0 15.0 5.0
(28)=(9) Doubtful loans 26.0 3.0 10.0 5.0 5.0 3.0
(29)=(11)+(10) Loss loans 47.0 3.0 10.0 20.0 7.0 7.0
=(13) Total provisions currently held 58.5 3.5 13.9 23.1 10.1 8.0
(30)=(31)+(33) Total provisions that should be held 122.5 8.2 31.9 50.4 20.3 11.8
(31)=(32) General provision 0.0 0.0 0.0 0.0 0.0 0.0
(32)=(24)*Rate against normal and pass loans 0.01 0.0 0.0 0.0 0.0 0.0 0.0
(33)=(34)+(35)+(36)+(37) Specific provision 122.5 8.2 31.9 50.4 20.3 11.8
(34)=(25)*Rate against special mention loans 0.03 37.5 1.7 9.9 15.9 7.8 2.3
(35)=(9)*Rate against substandard loans 0.20 25.0 2.0 7.0 12.0 3.0 1.0
(36)=(10)*Rate against doubtful loans 0.50 13.0 1.5 5.0 2.5 2.5 1.5
(37)=(11)*Rate against loss loans 1.00 47.0 3.0 10.0 20.0 7.0 7.0
(38)=(13)-(30) Under/over- provisioning -64.1 4.7 -18.1 -27.3 -10.3 -3.8

Assuming full provisioning after shock
(39)=(1)+(38) New capital 466.0 253 142.0 192.7 69.8 36.3
(40)=(39)/(2) New CAR (in percent) 3/ 13.2 14.9 12.9 13.8 12.7 121
(41)=(40)~3) Impact on CAR (in percent) -1.8 -2.8 -1.6 -2.0 -1.9 -1.3

Source: Authors’ calculations.
1/ ltis assumed that NPLs are fully provisioned for initially.

2/ Itis assumed that NPLs increase proportionately across all categories.

3/ ltis assumed that RWA remains the same.
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Scenario 1a: Shock to aggregate NPLs using a 100 percent provisioning rate vs. to loans
by classification (Table 5)

Where the stress tester may not have more granular and accurate data on classified loans to
work with, the tendency is to shock aggregate NPLs. The situation could occur if, say, banks
do not adhere to reporting requirements for loan classifications, or if supervisors do not make
the data available to third party stress testers. We demonstrate the inaccuracies in the results
that could arise from shocking aggregate NPLs:

o In the absence of more detailed information on classified loans, simplistic
assumptions are sometimes made. For instance, the stress tester may assume
provisions at 100 percent of the additional NPLs (i.e., that all are loss loans) in order
to calculate the additional provisions required (column 1, row 14) and ultimately, the
impact on capital. In our example, such an assumption, with a shock amounting to a
400 percent increase in NPLs would result in system-wide CAR falling by
7 percentage points (column 1, row 17).

o There is significant downward bias when the aggregate NPL amount is used,
compared to the alternate scenario where more detailed data on classified loans data
are available (column 2, rows 16, 18-21). In the latter situation, calculations of
graduated provisions would be possible (column 2, rows 32, 34-37), resulting in a
more moderate decline in CAR of 4.7 percentage points (column 2, row 41) following
a 400 percent increase in NPLs. In other words, the estimated impact would be
around two-thirds that from using aggregate NPLs.

Scenario 1b: Shock to aggregate NPLs using an average provisioning rate vs. to loans
by classification (Table 6)

A more accurate method for refining the above calculations may be to use the average rates
for performing and non-performing loans to determine provisions. In this example, we would
use the average rate of 0.02 (arithmetic average of 0.01 and 0.03) to determine the required
provisions for performing loans (column 1, row 10) and the average rate of 0.567 (arithmetic
average of 0.2, 0.5 and 1.0) for calculating the required provisions for NPLs (column 1,

rows 11 and 17):

o The result is almost identical to that from using more detailed classifications, with
CAR falling by 4.8 percentage points (column 1, row 21) compared to 4.7 percentage
points (column 2, row 41).

o More generally, however, the similarity of the impact between the two methods
would depend on the distribution across NPL classifications.
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Table 5. Scenario 1a: Ad Hoc Shock to Aggregate NPLs Using a 100 Percent
Provisioning Rate vs. to Loans by Classification
(In millions of domestic currency units unless stated otherwise)

™

@)

Item Shock to Aggregate NPLs Shock to NPLs by Classification
Row Number and Formula | Provisioning All Row Number and Formula | Provisioning All
Rate Banks Rate Banks
Pre-shock
Capital (1) 530.0 |(1) 530.0
RWA (2) 3,5620.0 ((2) 3,520.0
CAR (in percent) (3)=(1)/(2)*100 15.1 (3)=(1)/(2)*100 15.1
Total loans (4)=(5)+(6) 1,448.0  |(4)=(5)+(8) 1,448.0
Performing loans (5) 1,375.0 (5)=(6)+(7) 1,375.0
Normal and pass loans (6) 1,250.0
Special mention loans (7) 125.0
NPLs (6) 73.0  [(8)=(9)+(10)+(11) 73.0
Substandard loans 9) 26.0
Doubtful loans (10) 20.0
Loss loans (11) 27.0
NPL ratio (in percent) (7)=(6)/(4)*100 5.0 (12) 5.0
Total provisions currently held 1/ 8) 58.5 (13) 58.5
Total provisions that should be held (9)=(6)"Rate 1.00 73.0 (14)=(15)+(17) 58.5
General provision (15) 12.5
against normal and pass loans (16)=(6)*Rate 0.01 12.5
Specific provision (17)=(18)+(19)+(20)+(21) 46.0
against special mention loans (18)=(7)*Rate 0.03 3.8
against substandard loans (19)=(9)*Rate 0.20 5.2
against doubtful loans (20)=(10)*Rate 0.50 10.0
against loss loans (21)=(11)*Rate 1.00 27.0
Under/over- provisioning (10)=(8)~(9) -14.6 (22)=(13)-(14) 0.0
Post-shock
Shock: NPLs increase by 400 percent 400.0 400.0
Total loans =(4) 1,448.0 |=(4) 1,448.0
Performing loans (11)=(4)-(12) 1,083.0  |(23)=(4)-(26) 1,083.0
Normal and pass loans (24)=(23)*(6)/(5) 984.5
Special mention loans (25)=(23)*(7)/(5) 98.5
NPLs 2/ (12)=(6)+(1+Shock/100) 365.0 |(26)=(27)+(28)+(29) 365.0
Substandard loans (27)=(9)*(1+Shock/100) 130.0
Doubtful loans (28)=(10)*(1+Shock/100) 100.0
Loss loans (29)=(11)*(1+Shock/100) 135.0
Total provisions currently held =(8) 58.5 =(13) 58.5
Total provisions that should be held 13)={(12)-(8)}*Rate 1.00 306.6 (30)=(31)+(33) 223.8
General provision (31)=(32) 9.8
against normal and pass loans (32)=(24)*Rate 0.01 9.8
Specific provision (33)=(34)+(35)+(36)+(37) 214.0
against special mention loans (34)=(25)*Rate 0.03 3.0
against substandard loans (35)=(9)*Rate 0.20 26.0
against doubtful loans (36)=(10)*Rate 0.50 50.0
against loss loans (37)=(11)*Rate 1.00 135.0
Under/over- provisioning (14)=(8)-(13) -248.1 (38)=(13)-(30) -165.3
Assuming full provisioning after shock
New capital (15)=(1)+(14) 281.9  [(39)=(1)+(38) 364.7
New CAR (in percent) 3/ (16)=(15)/(2)*100 8.0 [(40)=(39)/(2)*100 10.4
Impact on CAR (in percent) (17)=(15)-(3) -7.0 (41)=(40)-(3) -4.7

Source: Authors’ calculations.

1/ ltis assumed that NPLs are under-provisioned for initially in the case of aggregate NPLs, since 100 percent
provisioning is typically assumed; NPLs are fully provisioned for initially in the case where NPLs data by

classification are available.

2/ Where data on classified loans are available, it is assumed that NPLs increase by 400 percent across
classifications; balance of performing loans are distributed proportionately across classifications.
3/ ltis assumed that RWA remains the same.



12

Table 6. Scenario 1b: Ad Hoc Shock to Aggregate NPLs Using an Average
Provisioning Rate vs. to Loans by Classification
(In millions of domestic currency units unless stated otherwise)

™) )
ltem Shock to Aggregate NPLs Shock to NPLs by Classification
Row Number and Provisioning All Row Number and Formula| Provisioning All
Formula Rate Banks Rate Banks
Pre-shock
Capital 1) 530.0 |(1) 530.0
RWA (2) 3,5620.0 |(2) 3,520.0
CAR (in percent) (3)=(1)/(2)100 15.1 (3)=(1)/(2)~100 15.1
Total loans (4)=(5)+(6) 1,448.0 [(4)=(5)+(8) 1,448.0
Performing loans (5) 1,375.0  |(5)=(6)+(7) 1,375.0
Normal and pass loans 6) 1,250.0
Special mention loans (7) 125.0
NPLs 6) 73.0  |(8)=(9)+(10)+(11) 73.0
Substandard loans 9) 26.0
Doubtful loans (10) 20.0
Loss loans (11) 27.0
NPL ratio (in percent) (7)=(6)/(4)*100 5.0 |(12) 5.0
Total provisions currently held 1/ 8) 58.5 (13) 58.5
Total provisions that should be held (9)=(10)+(11) 68.9 |(14)=(15)+(17) 58.5
General provision (15)=(16) 12.5
against normal and pass loans (16)=(6)*Rate 0.01 12.5
Specific provision (10)=(5)*Avg PL rate 0.020 27.5 (17)=(18)+(19)+(20)+(21) 46.0
against special mention loans (18)=(7)*Rate 0.03 3.8
against substandard loans (19)=(9)*Rate 0.20 5.2
against doubtful loans (11)=(6)*Avg NPL rate 0.567 41.4 (20)=(10)*Rate 0.50 10.0
against loss loans (21)=(11)*Rate 1.00 27.0
Under/over- provisioning (12)=(8)-(9) -10.4  |(22)=(13)-(14) 0.0
Post-shock
Shock: NPLs increase by 400 percent 400.0 400.0
Total loans =(4) 1,448.0 [=(4) 1,448.0
Performing loans (13)=(4)-(14) 1,083.0 [(23)=(4)-(26) 1,083.0
Normal and pass loans (24)=(23)*(6)/(5) 984.5
Special mention loans (25)=(23)*(7)/(5) 98.5
NPLs (14)=(6)*(1+Shock/100) 365.0 |(26)=(27)+(28)+(29) 365.0
Substandard loans (27)=(9)*(1+Shock/100) 130.0
Doubtful loans (28)=(10)*(1+Shock/100) 100.0
Loss loans (29)=(11)*(1+Shock/100) 135.0
Total provisions currently held =(8) 58.5 =(13) 58.5
Total provisions that should be held (15)=(16)+(17) 228.5 (30)=(31)+(33) 223.8
General provision (31)=(32) 9.8
against normal and pass loans (32)=(24)*Rate 0.01 9.8
Specific provision (16)=(13)*Avg PL rate 0.020 21.7 (33)=(34)+(35)+(36)+(37) 214.0
against special mention loans (34)=(25)*Rate 0.03 3.0
against substandard loans (35)=(9)*Rate 0.20 26.0
against doubtful loans (17)=(14)*Avg NPL rate 0.567 206.8 (36)=(10)*Rate 0.50 50.0
against loss loans (37)=(11)*Rate 1.00 135.0
Under/over- provisioning (18)=(8)-(15) -170.0 (38)=(13)-(30) -165.3
Assuming full provisioning after shock
New capital (19)=(1)+(18) 360.0 |(39)=(1)+(38) 364.7
New CAR (in percent) 3/ (20)=(19)/(2)*100 10.2  |(40)=(39)/(2)*100 10.4
Impact on CAR (in percent) (21)=(20)~(3) -4.8 (41)=(40)~(3) -4.7

Source: Authors’ calculations.

1/ Itis assumed that NPLs are under-provisioned for initially in the case of aggregate NPLs since an average
of the provisioning rates is assumed; NPLs are assumed to be fully provisioned for initially in the case where
NPLs data by classification are available.

2/ Where data on classified loans are available, it is assumed that NPLs increase by 400 percent across
classifications; balance of performing loans are distributed proportionately across classifications.

3/ Itis assumed that RWA remains the same.
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Scenario 2: Shock to the banking system vs. to individual banks (Table 7)

Another stumbling block in stress testing may be the lack of availability of information on
individual banks. Sometimes, supervisors may not be inclined to share the bank-by-bank
information with third party stress testers, usually for confidentiality reasons. In such
instances, the stress tester would use data for the aggregate banking system, in which case the
stress test findings would need to be interpreted with caution:

o The information derived from shocks to the aggregate system could mask problems
among individual banks. In our example, a shock representing a 400 percent increase
in NPLs across the board would result in the system’s CAR declining by
4.7 percentage points to 10.4 percent (column 1, rows 41 and 40, respectively), i.e.,
1.6 percentage points below the required minimum of 12 percent.

o Closer examination of the impact on individual banks show significantly varied
outcomes. The CAR of Bank 5 has declined by a massive 9.3 percentage points to
4 percent (column 6, rows 41 and 40, respectively), while the capitalization of Bank 2
has fallen by 3.4 percentage points to 11.2 percent (column 3, rows 41 and 40,
respectively), not far below the required minimum 12 percent. Thus, focusing on the
aggregate outcome alone could obscure the possibility that a particular institution
may be very vulnerable with potentially systemic consequences.

Scenario 3: Shocks of increasingly larger magnitudes to NPLs (Table 8)

In the absence of good quality and sufficient historical data to model the relationship between
macroeconomic developments and credit risk, the size of shocks applied in stress tests often
lack foundation or justification. While historical experience could be used as a guide, many
nascent banking sectors may not have experienced a complete business cycle; shocks also
tend to be different from one crisis to the next. Thus, stress testers would typically apply
increasingly larger shocks to estimate their impact on capital, and then conclude that the
banks or banking system may be vulnerable. Such stress tests seem to overlook the obvious
algebraic relationship between NPLs and CARs, i.e., the larger the increase in NPLs, the
greater the decrease in CARs.

Using a set of increasingly larger shocks to NPLs (row 11), we demonstrate their impact on
banking system and individual bank CARs.” As expected, the impact on individual banks’
CARs increases as NPLs rise from 100 to 400 percent and as the amount of performing loans
becoming NPLs increase from 10 to 40 percent (columns 1-6, row 14). Put another way, the
CARs deteriorate as a matter of course when the shocks increase in magnitude, all to the
point of falling below the required capitalization levels and in some cases, significantly so.

7 The shocks are described in Table 3.
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Table 7. Scenario 2: Ad Hoc Shock to the Banking System vs. to Individual Banks
(In millions of domestic currency units unless stated otherwise)

(1)

@

®)

(4)

()

(6)

Row Number and Formula |ltem Provisioning Al Bank1 Bank2 Bank3 Bank4 Bank5
Rate Banks
Pre-shock
(1) Capital 530.0 30.0 160.0 220.0 80.0 40.0
(2) RWA 3,520.0 170.0 1,100.0 1,400.0 550.0 300.0
(3)=(1)/(2)*100 CAR (in percent) 15.1 17.6 14.5 15.7 14.5 13.3
(4)=(5)+(8) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(5)=(6)*+(7) Performing loans 1,375.0 65.0 365.0 590.0 275.0 80.0
(6) Normal and pass loans 1,250.0 55.0 330.0 530.0 260.0 75.0
(7) Special mention loans 125.0 10.0 35.0 60.0 15.0 5.0
(8)=(9)+(10)+(11) NPLs 73.0 6.0 20.0 25.0 12.0 10.0
9) Substandard loans 26.0 3.0 10.0 5.0 5.0 3.0
(10) Doubtful loans 20.0 2.0 5.0 10.0 2.0 1.0
(11) Loss loans 27.0 1.0 5.0 10.0 5.0 6.0
(12)=(8)/(4)*100 NPL ratio (in percent) 5.0 8.5 5.2 4.1 4.2 1.1
(13) Total provisions currently held 1/ 58.5 3.5 13.9 23.1 10.1 8.0
(14)=(15)+(17) Total provisions that should be held 58.5 3.5 13.9 231 10.1 8.0
(15)=(16) General provision 12.5 0.6 3.3 5.3 2.6 0.8
(16)=(6)*Rate against normal and pass loans 0.01 12.5 0.6 3.3 5.3 2.6 0.8
(17)=(18)+(19)+(20)+(21) Specific provision 46.0 2.9 10.6 17.8 7.5 7.3
(18)=(7)*Rate against special mention loans 0.03 3.8 0.3 1.1 1.8 0.5 0.2
(19)=(9)*Rate against substandard loans 0.20 52 0.6 2.0 1.0 1.0 0.6
(20)=(10)*Rate against doubtful loans 0.50 10.0 1.0 2.5 5.0 1.0 0.5
(21)=(11)*Rate against loss loans 1.00 27.0 1.0 5.0 10.0 5.0 6.0
(22)=(13)-(14) Under/over- provisioning 0.0 0.0 0.0 0.0 0.0 0.0
Post-shock
Shock: NPLs increase by 400 percent across 400.0 400.0 400.0 400.0 400.0
loan classifications; balance of performing
loans are distributed proportionately
=(4) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(23)=(4)-(26) Performing loans 1,083.0 41.0 285.0 490.0 227.0 40.0
(24) Normal and pass loans 984.7 34.7 257.7 440.2 214.6 37.5
(25)=(7)*(22)/100 Special mention loans 98.3 6.3 27.3 49.8 12.4 2.5
(26)=(27)+(28)+(29) NPLs 2/ 365.0 30.0 100.0 125.0 60.0 50.0
(27)=(9)*(1+Shock/100) Substandard loans 130.0 15.0 50.0 25.0 25.0 15.0
(28)=(10)*(1+Shock/100) Doubtful loans 100.0 10.0 25.0 50.0 10.0 5.0
(29)=(11)*(1+Shock/100) Loss loans 135.0 5.0 25.0 50.0 25.0 30.0
=(13) Total provisions currently held 58.5 3.5 13.9 23.1 10.1 8.0
(30)=(31)+(33) Total provisions that should be held 223.8 13.5 50.9 85.9 37.5 36.0
(31)=(32) General provision 9.8 0.3 2.6 4.4 2.1 0.4
(32)=(24)*Rate against normal and pass loans 0.01 9.8 0.3 2.6 4.4 2.1 0.4
(33)=(34)+(35)+(36)+(37) Specific provision 214.0 13.2 48.3 81.5 35.4 35.6
(34)=(25)*Rate against special mention loans 0.03 3.0 0.2 0.8 1.5 0.4 0.1
(35)=(9)*Rate against substandard loans 0.20 26.0 3.0 10.0 5.0 5.0 3.0
(36)=(10)*Rate against doubtful loans 0.50 50.0 5.0 12.5 25.0 5.0 2.5
(37)=(11)*Rate against loss loans 1.00 135.0 5.0 25.0 50.0 25.0 30.0
(38)=(13)-(30) Under/over- provisioning -165.3 -10.1 -37.0 -62.8 -27.5 -28.0
Assuming full provisioning after shock
(39)=(1)+(38) New capital 364.7 19.9 123.0 157.2 52.5 12.1
(40)=(39)/(2)*100 New CAR (in percent) 3/ 10.4 1.7 11.2 1.2 9.6 4.0
(41)=(40)-(3) Impact on CAR (in percent) 4.7 -5.9 -3.4 4.5 -5.0 9.3

Source: Authors’ calculations.
1/ ltis assumed that NPLs are fully provisioned for initially.
2/ Itis assumed that NPLs increase proportionately across all categories.
3/ Itis assumed that RWA remains the same.
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Table 8. Scenario 3: Ad Hoc Shocks to NPLs of Increasingly Larger Magnitudes

(In millions of domestic currency units unless stated otherwise)

(1) @) (©) ) ©®) (6)
Row Number and |ltem Shock Al Bank1 Bank2 Bank3 Bank4 Bank5
Formula Banks
Pre-Shock
1) Capital 530.0 30.0 160.0 220.0 80.0 40.0
2) RWA 3,520.0 170.0 1,100.0 1,400.0 550.0 300.0
(3)=(1)/(2)*100 CAR (in percent) 15.1 17.6 14.5 16.7 14.5 13.3
4) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(5) Performing loans 1,375.0 65.0 365.0 590.0 275.0 80.0
6) NPLs 73.0 6.0 20.0 25.0 12.0 10.0
(7)=(6)/(4)*100 NPL ratio (in percent) 5.0 8.5 5.2 4.1 4.2 11.1
8) Total provisions currently held 1/ 58.5 3.5 13.9 231 10.1 8.0
9) Total provisions that should be held 58.5 3.5 13.9 23.1 10.1 8.0
(10)=(8)-(9) Under/over- provisioning 0.0 0.0 0.0 0.0 0.0 0.0
Post-Shock
=(4) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(11) Total NPLs
=(6)*(1+Shock) NPLs increase by 100 percent 1.0 146.0 12.0 40.0 50.0 24.0 20.0
=(6)*(1+Shock) NPLs increase by 200 percent 2.0 219.0 18.0 60.0 75.0 36.0 30.0
=(6)*(1+Shock) NPLs increase by 400 percent 4.0 292.0 24.0 80.0 100.0 48.0 40.0
=(6)+{(5)*Shock} 10 percent of performing loans become NPLs 0.1 210.5 12.5 56.5 84.0 39.5 18.0
=(6)+{(5)*Shock} 20 percent of performing loans become NPLs 0.2 348.0 19.0 93.0 143.0 67.0 26.0
=(6)+{(5)*Shock} 40 percent of performing loans become NPLs 0.4 623.0 32.0 166.0 261.0 122.0 42.0
=(8) Total provisions currently held 58.5 3.5 13.9 23.1 10.1 8.0
12)=(11)-(8) Under/over- provisioning
NPLs increase by 100 percent -40.9 -2.5 -9.1 -14.9 -7.0 -7.4
NPLs increase by 200 percent -83.3 -5.1 -18.7 -30.8 -14.1 -14.7
NPLs increase by 400 percent -125.7 -7.7 -28.2 -46.7 -21.2 -21.9
10 percent of performing loans become NPLs -81.0 -2.8 -17.7 -38.0 -16.5 -6.0
20 percent of performing loans become NPLs -163.5 -5.8 -35.8 -77.0 -33.1 -11.8
40 percent of performing loans become NPLs -328.5 -11.7 -72.0 -155.0 -66.3 -23.5
Assuming Full Provisioning Post-Shock
(13)=(1)-(12) New capital
NPLs increase by 100 percent 489.2 27.5 150.9 205.2 73.0 32.6
NPLs increase by 200 percent 446.7 24.9 141.4 189.3 65.9 25.4
NPLs increase by 400 percent 404.3 22.3 131.8 173.4 58.8 18.1
10 percent of performing loans become NPLs 449.0 27.2 142.3 182.1 63.5 34.0
20 percent of performing loans become NPLs 366.5 24.2 124.2 143.1 46.9 28.2
40 percent of performing loans become NPLs 201.5 18.3 88.0 65.1 13.7 16.5
(14)=(13)/(2)*100 New CAR (in percent) 2/
NPLs increase by 100 percent 13.9 16.2 13.7 14.7 13.3 10.9
NPLs increase by 200 percent 12.7 14.6 12.9 13.5 12.0 8.5
NPLs increase by 400 percent 11.5 13.1 12.0 12.4 10.7 6.0
10 percent of performing loans become NPLs 12.8 16.0 12.9 13.0 11.5 11.3
20 percent of performing loans become NPLs 10.4 14.2 11.3 10.2 8.5 9.4
40 percent of performing loans become NPLs 5.7 10.8 8.0 4.6 2.5 5.5
(15)=(14)-(3) Impact on CAR (in percent)
NPLs increase by 100 percent -1.2 -1.5 -0.8 -1.1 -1.3 -2.5
NPLs increase by 200 percent -2.4 -3.0 -1.7 -2.2 -2.6 -4.9
NPLs increase by 400 percent -3.6 -4.6 -2.6 -3.3 -3.9 -7.3
10 percent of performing loans become NPLs -2.3 -1.7 -1.6 -2.7 -3.0 -2.0
20 percent of performing loans become NPLs -4.6 -3.4 -3.3 -5.5 -6.0 -3.9
40 percent of performing loans become NPLs -9.3 -6.9 -6.5 -11.1 -12.1 -7.8

Source: Authors’ calculations.

1/ Itis assumed that loans are fully provisioned for initially.

2/ ltis assumed that RWA remains the same.
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The key weakness to the increasingly larger ad hoc shocks approach lies in the relevance of
the results. It would be impossible to infer that the banks and banking system are
significantly vulnerable in cases where the shocks translate to significant under-
capitalization, since there would be little empirical evidence to support the plausible
occurrence of tail shocks of such large magnitudes. As a result, it could be very difficult for
the stress tester to make constructive recommendations on actions to be taken in response to
the findings.

B. Summary of Findings

Clearly, simple stress tests using ad hoc and extreme shocks are flawed, which begs the
question of how useful they may be for risk management and contingency planning purposes.
Specific caveats are as follows:

o Any assumption of 100 percent provisioning following a shock would significantly
overstate the amount of additional provisions required and thus underestimate the
resulting capitalization. NPLs are classified according to the lateness in debt service,
and different provisioning rates apply across the different loan classifications. When a
shock occurs, the quality of loans typically move from one classification down to the
next over the short-term, with a graduating rise in the provisioning rate, rather than
become loss loans—with a 100 percent provisioning requirement—straightaway.

o The soundness of individual banks’ balance sheets varies considerably across a
particular financial system, and uniform shocks to aggregate banking system data
would likely yield less than useful results. In many financial systems, the quality of
banks range from those that are well-capitalized and well-managed with conservative
business models and sound risk management systems, to those that are weak, risk-
seeking and profligate. Thus, the application of a particular shock to the aggregate
system runs the risk that supervisors may base their contingency planning decisions
based on potentially meaningless information from the stress tests.

o Applied shocks, if sufficiently large, would break any bank or banking system in the
world, which suggests that such results may not be instructive. The laws of algebra
should show that the larger the ad hoc shock to NPLs, the greater its flow-through
impact on capitalization, to the point where the banks appear severely
undercapitalized. However, it is unclear as to what should be inferred from such
stress tests, and how the findings could usefully be applied, given that the quality of
the raw data usually precludes any ability to quantify or justify such shocks.

IV. A PROPOSED COMPROMISE: THE “BREAKING POINT” METHOD

We subsequently propose a possibly more useful method for determining banks” CAR, which
could be more informative for supervisors in situations where the reporting of NPLs by banks
is unreliable. The “breaking point” method is essentially a “stressing until it breaks™ exercise,
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which is also known as reverse stress testing. This particular method of analysis is intuitively
appealing in that it: (i) does not depend heavily on the quality of reported data;® and (ii) does
not require any assumption with regard to the size of the overall NPL shock(s). It estimates
the amounts of classified loans that would reduce a bank’s CAR to the “breaking point”—in
our example, 12 percent—below which recapitalization would be necessary. We contemplate
two situations: (i) only aggregate NPL data are available; and (ii) granular data on loan
classifications and provisioning are available.

It should be emphasized that even the breaking point method cannot be used as a stand-alone
stress test. Rather, the findings from applying this particular method of stress testing would
need to be complemented by information gathered from bank examinations performed by on-
site supervisors. Thus, in situations where the reported data are of poor quality, the off- and
on-site teams would have to collaborate even more closely, and any stress test result can only
provide guidance to the latter on which bank(s) may be undercapitalized, given their findings
during on-site inspections.

Scenario A: Shock to aggregate NPLs (Table 9)

Application of the breaking point method is very straightforward when only aggregate data
for the banking system is available. We estimate algebraically the aggregate NPL ratio for
the banking system which would bring the CAR down to 12 percent. Naturally, the
calculation of provisions that should be held in the banking system following the shock
would play an important role in determining post-shock capital. As in Scenario 1b earlier, we
use the average rates for performing and non-performing loans to calculate the new provision
amount required. The results show that:

o The breaking point NPL ratio for the banking system as a whole is around
17.5 percent (row 13), compared to the current 5 percent (row 7).

o NPLs would have to increase by almost 250 percent from current levels (row 17).

The aggregate breaking point information is not useful as a complementary on-site
supervision tool. On-site examiners would not be able to compare their findings on individual
banks with the aggregate figure to arrive at any relevant conclusion. As we show in the next
scenario, the breaking point is likely to vary widely across individual banks, depending on
the state of their balance sheets.

¥ It should be noted that the existing estimates of CARs of banks may also be unreliable. For instance, banks
may not have adhered to regulatory requirements in determining risk-weighted assets or in their calculation of
regulatory capital.
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Table 9. Scenario A: Breaking Point Shock to Aggregate NPLs
(In millions of domestic currency units unless stated otherwise)

ltem Row Number and Provisioning All
Formula Rate Banks

Pre-shock
Capital (1) 530.0
RWA 2) 3,520.0
CAR (in percent) (3)=(1)/(2)*100 15.1
Total loans (4)=(5)+(6) 1,448.0
Performing loans (5) 1,375.0
NPLs 6) 73.0
NPL ratio (in percent) (7)=(6)/(4)*100 5.0
Total provisions currently held 1/ 8) 58.5
Total provisions that should be held (9)=(10)+(11) 68.9

General provision
against normal and pass loans
Specific provision (10)=(5)*Avg PL rate 0.020 27.5
against special mention loans
against substandard loans

against doubtful loans (11)=(6)*Avg NPL rate 0.567 41.4
against loss loans
Under/over- provisioning (12)=(8)-(9) -10.4
Post-shock
Shock: NPL ratio (in percent) (13) 17.5
Total loans =(4) 1,448.0
Total NPLs 2/ (14)=(13)/100%(4) 253.4
Balance of loans that are performing (15)=(4)-(14) 1,194.6
Increase in NPLs (16)=(14)-(6) 180.4
Rate of increase in NPLs (in percent) (17)={(14)/(6)-1}*100 2471
Total provisions currently held =(8) 58.5
Total provisions that should be held (18)=(19)+(20) 167.5

General provision
against normal and pass loans
Specific provision (19)=(15)*Avg PL rate 0.020 23.9
against special mention loans
against substandard loans

against doubtful loans (20)=(6)*Avg NPL rate 0.567 143.6
against loss loans
Under/over- provisioning (21)=(8)-(18) -109.0
Assuming full provisioning after shock
New capital amount required (22)=(1)+(21) 421.0
New CAR (in percent) 2/ (23)=(22)/(2)*100 12.0

Source: Authors’ calculations.
1/ It is assumed that loans are fully provisioned for initially.
2/ It is assumed that RWA remains the same.
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Scenario B: Shock to loans by classification (Table 10)

Where classified loans data are available, the breaking point method would require some
basic assumptions with regard to the magnitude of shocks to each category of loans in order
to estimate the breaking point NPL ratio. In this case, we assume that:

(@)

(i)

(iii)

A certain percentage of existing performing loans become NPLs for each of the five
banks in our sample (columns 2—6, row 24).

The new NPL amounts for each bank (columns 2—6, rows 25-27) remain in the same
proportions as the pre-shock balances (columns 2—6, rows 9—11).

The balance (columns 2—6, row 28), which represents performing loans, also remains
in the same proportions for each bank (columns 2—6, rows 29 and 30) as the pre-
shock amounts (columns 2—6, rows 6 and 7).

The percentage that reduces the CAR to the 12 percent threshold is the “breaking point” for
the individual banks and the banking system (columns 1-6, row 23). From our example, off-
site supervisors should observe the following:

The breaking point NPL ratio for the aggregate banking system should only serve as
a guide to the overall health of banks. As discussed in the previous section and in
Scenario A, the aggregate numbers mask developments at individual institutions.

The resilience of individual banks in the system to shocks varies widely. Breaking-
point NPL ratios for the banks range from around 12.7 percent for Bank 4 (column 5,
row 23) to 40.5 percent for Bank 1 (column 2, row 23) and 18.5 percent for the
banking system as a whole (column 1, row 23).

The relative size and composition of classified loans affect bank soundness. For
example, Bank 2 and Bank 4 each has a pre-shock CAR of 14.5 percent (columns 3
and 5, row 3) and both are fully provisioned (columns 3 and 5, rows 13 and 14), yet
Bank 2 would be able to absorb any credit shock up to an NPL ratio of 20.7 percent
(column 3, row 23), while Bank 4—which has a larger credit exposure relative to
capital—would be at the CAR threshold when its NPL ratio reaches 12.7 percent
(column 5, row 23).
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Table 10. Scenario B: Breaking Point Shock to Loans by Classification
(In millions of domestic currency units unless stated otherwise)

(1)

)

®)

(4)

(6)

Row Number and Formula |ltem Provisioning Al Bank1 Bank2 Bank3 Bank4 Bank5
Rate Banks

Pre-shock
(1) Capital 530.0 30.0 160.0 220.0 80.0 40.0
2) RWA 3,520.0 170.0 1,100.0 1,400.0 550.0 300.0
(3)=(1)/(2)*100 CAR (in percent) 15.1 17.6 14.5 15.7 14.5 13.3
(4)=(5)+(6) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(5)=(6)+(7) Performing loans 1,375.0 65.0 365.0 590.0 275.0 80.0
(6) Normal and pass loans 1,250.0 55.0 330.0 530.0 260.0 75.0
(7) Special mention loans 125.0 10.0 35.0 60.0 15.0 5.0
(8)=(9)+(10)+(11) Non performing loans (NPLs) 73.0 6.0 20.0 25.0 12.0 10.0
9) Substandard loans 26.0 3.0 10.0 5.0 5.0 3.0
(10) Doubtful loans 20.0 2.0 5.0 10.0 2.0 1.0
(11) Loss loans 27.0 1.0 5.0 10.0 5.0 6.0
(12)=(8)/(4)*100 NPL ratio (in percent) 5.0 8.5 5.2 4.1 4.2 111
(13)=(14) Total provisions currently held 1/ 58.5 3.5 13.9 23.1 10.1 8.0
(14)=(15)+(17) Total provisions that should be held 58.5 3.5 13.9 23.1 10.1 8.0
(15)=(16) General provision 12.5 0.6 3.3 5.3 2.6 0.8
(16)=(6)*Rate against normal and pass loans 0.01 12.5 0.6 3.3 5.3 2.6 0.8
(17)=(18)+(19)+(20)+(21) Specific provision 46.0 2.9 10.6 17.8 7.5 7.3
(18)=(7)*Rate against special mention loans 0.03 3.8 0.3 1.1 1.8 0.5 0.2
(19)=(9)*Rate against substandard loans 0.20 52 0.6 2.0 1.0 1.0 0.6
(20)=(10)*Rate against doubtful loans 0.50 10.0 1.0 2.5 5.0 1.0 0.5
(21)=(11)*Rate against loss loans 1.00 27.0 1.0 5.0 10.0 5.0 6.0
(22)=(13)-(14) Under/over- provisioning 0.0 0.0 0.0 0.0 0.0 0.0

Post-shock
(23) Shock: NPL ratio (in percent) 18.5 40.5 20.7 17.4 12.7 17.5
=(4) Total loans 1,448.0 71.0 385.0 615.0 287.0 90.0
(24)=(23)/100*(4) Total NPLs 2/ 267.7 28.8 79.7 107.0 36.4 15.8
(25)=(9)/(8)*(24) Substandard loans 95.5 14.4 39.8 21.4 15.2 4.7
(26)=(10)/(8)*(24) Doubtful loans 80.0 9.6 19.9 42.8 6.1 1.6
(27)=(11)/(8)*(24) Loss loans 92.2 4.8 19.9 42.8 15.2 9.5
(28)=(4)-(24) Balance of loans that are performing 3/ 1,180.3 42.2 305.3 508.0 250.6 74.3
(29)=(6)/(5)*(28) Normal and pass loans 1,074.6 35.7 276.0 456.3 236.9 69.6
(30)=(7)/(5)*(28) Special mention loans 105.7 6.5 29.3 51.7 13.7 4.6
(31)=(24)-(8, Increase in NPLs 194.7 22.8 59.7 82.0 24.4 5.8
(32)={(24)/(8)-1y*100 Rate of increase in NPLs (in percent) 266.7 379.3 298.5 328.0 203.7 57.5
=(13) Total provisions currently held 58.5 3.5 13.9 231 10.1 8.0
(33)=(34)+(36) Total provisions that should be held 165.2 13.0 41.5 74.6 24.0 12.0
(34)=(35) General provision 10.7 0.4 2.8 4.6 2.4 0.7
(35)=(29)*Rate against normal and pass loans 0.01 10.7 0.4 2.8 4.6 2.4 0.7
(36)=(37)+(38)+(39)+(40) Specific provision 154.4 12.7 38.7 70.0 21.7 11.3
(37)=(30)*Rate against special mention loans 0.03 3.2 0.2 0.9 1.5 0.4 0.1
(38)=(25)*Rate against substandard loans 0.20 19.1 2.9 8.0 4.3 3.0 0.9
(39)=(26)*Rate against doubtful loans 0.50 40.0 4.8 10.0 21.4 3.0 0.8
(40)=(27)*Rate against loss loans 1.00 92.2 4.8 19.9 42.8 15.2 9.5
(41)=(13)-(33) Under/over- provisioning -106.7 -9.6 -27.6 -51.5 -14.0 -4.0

Assuming full provisioning after shock
(42)=(1)+(41) New capital amount required 423.3 20.4 132.4 168.5 66.0 36.0
(43)=(42)/(2)*100 New CAR (in percent) 4/ 12.0 12.0 12.0 12.0 12.0 12.0

Source: Authors’ calculations.

1/ Itis assumed that loans are fully provisioned for initially.

2/ Itis assumed that NPLs increase proportionately across all categories.

3/ Itis assumed that the balance of loans, which are performing, are distributed in the same
proportion as previously.

4/ ltis assumed that RWA remains the same.
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V. CONCLUDING THOUGHTS

Stress testing is increasingly seen as a key supervision, risk management and surveillance
tool in the wake of the global financial crisis. Indeed, stress testing almost seems obligatory
these days, irrespective of the level of development of the financial system. Even in countries
with largely underdeveloped financial systems—where the accounting and auditing
framework is weak, the reporting infrastructure is inadequate, and oversight, implementation
and enforcement of laws and regulations are poor—stress testing has become de rigueur.

Stress testing with insufficient, incomplete and unreliable data yields results that may have
little application. As we demonstrate throughout this paper, the outcomes and interpretations
of stress tests may be very different depending on the granularity of the data available, either
in terms of line items, or by individual institutions. The availability of data could influence
the assumptions and models used to estimate the size of the shocks. While such stress tests
may be presented as extreme, tail-shock scenarios, it is unclear what actions supervisors
should take in response to the findings, in the absence of any evidence that the applied
shocks represent extreme but plausible macro-financial relationships.

It should also be emphasized that any stress testing exercise needs to be comprehensive. The
“breaking point” method presented in this paper, together with other qualitative and
quantitative bank supervision information, could be a useful “back-of-the-envelope” tool for
both off-site and on-site supervisors in monitoring the stress points for banks. Further, testing
for risks that affect bank solvency alone (e.g., through credit and market risks) is inadequate
insofar as they only reveal part of the picture. They should be complemented by other types
of stress tests, e.g., for liquidity risk, to provide a more comprehensive picture of existing
vulnerabilities (see Ong and Cihak, 2010). Again, however, data for such stress tests may be
unavailable or of poor quality. In such cases, not performing any stress test on a particular
financial system may sometimes be a more prudent course of action.
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