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An internal model-based approach
to market risk capital requirements

OVERVIEW

1 In April 1993 the Basle Committee on Banking Supervision! issued for comment
by banks and financial market participants a paper entitled "The supervisory treatment of
market risks'. That paper set out aframework for applying capital charges to the market risks
incurred by banks, defined as the risk of lossesin on- and off-balance-sheet positions arising
from movements in market prices.2 The Committee has now concluded its review of the
comments received and isissuing arevised package of proposals. This paper, which forms a
part of that package, provides a commentary on Part B of the accompanying planned
Supplement to the Capital Accord (referred to hereafter as "the Supplement”).

2. The proposals for applying capital charges to market risksissued in April 1993
envisaged the use of a standardised methodology to measure market risks as a basis for
applying capital chargesto open positions. The industry's comments on these proposals raised
anumber of issues which the Committee felt to be worthy of a considered response. These
were, in brief, that:

- the proposals did not provide sufficient incentive to improve risk management
systems because they did not recognise the most accurate risk measurement
techniques;

- the proposed methodology did not take sufficient account of correlations and
portfolio effects across instruments and markets, and generally did not sufficiently
reward risk diversification;

- the proposals were not sufficiently compatible with banks own measurement
systems.

3. In considering the industry's comments, the Committee took account of the fact
that the risk management practices of banks have developed significantly since theinitial
proposals were formulated in the early 1990s. In particular, the Committee is conscious of the

1 The Basle Committee on Banking Supervision is a Committee of banking supervisory authorities which
was established by the central-bank Governors of the Group of Ten countriesin 1975. It consists of
senior representatives of bank supervisory authorities and central banks from Belgium, Canada, France,
Germany, Italy, Japan, Luxembourg, Netherlands, Sweden, Switzerland, United Kingdom and the United
States. It usually meets at the Bank for International Settlementsin Basle, which supplies its Secretariat.

2 Therisks covered by the proposed framework were: (a) the risks in the securities trading book of debt
and equity securities and related off-balance-sheet contracts and (b) foreign exchange risk. The
Committee has now decided to incorporate commodities risk too.
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need to ensure that regulatory requirements do not impede the development of sound risk
management by creating perverse incentives. Many banks argued that their own risk
management models produced far more accurate measures of market risk, adding that there
would be costly overlapsif they were required to calculate their market risk in two different
manners.

4. During 1994, therefore, the Committee investigated the possible use of banks
proprietary in-house models for the calculation of market risk capital as an alternativeto a
standardised measurement framework. The results of this study were sufficiently reassuring
for it to envisage the use of internal models to measure market risks, subject to a number of
carefully defined criteria. The precise requirements which the Committee is planning to apply
to banks which use their models as a basis for calculating market risk capital are set out in
Part B of the Supplement. The purpose of this paper is to explain some of the thinking behind
those criteria.

5. The Committee has devoted a considerable amount of time and effort in studying
the models used by banks and the measures of risk that they produce. In preliminary testing
conducted in the second half of 1994, a number of banks in the major centres were asked to
run an identical portfolio through their models and the results were examined for consistency.
This process was extremely helpful in identifying methodological differencesandin
providing empirical support for certain common statistical parameters. Thistesting exerciseis
described further in Section |1 of the paper.

6. The proposed approach for a models-based supervisory capital requirement is
based on the definition of a series of quantitative and qualitative standards that banks would
have to meet in order to use their own systems for measuring market risk, while leaving a
necessary amount of flexibility to account for different levels of detail in the systems.

- The quantitative standards are expressed as a number of broad risk measurement
parameters for banks' internal models, together with asimple rule for converting
the models-based measure of exposure into a supervisory capital requirement.

- The qualitative standards are designed to ensure that banks measurement systems
are conceptually sound and that the process of managing market risksis carried
out with integrity. In addition, it is necessary to define the risks that need to be
covered, the appropriate guidelines for conducting stress tests, as well asto give
guidance on validation procedures for examiners and auditors charged with
independently reviewing and validating banks' internal models.

7. As set out in the Supplement, the Committee intends to allow atransition period
from the release of the final version of the Supplement before the market risk rules come into
full force (i.e. until the end of 1997). During this period, the Committee is considering further
testing for those banks planning to use the models approach. Member countries will be free to
opt for earlier implementation. As ageneral principle, banks which start to use models for one
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or more risk factor categories will, over time, be expected to extend modelsto al their market
risks, but no time limit will be set, initialy at least, for banks which use a combination of
internal models and the standardised methodology.

8. The first section of this paper describes the general approach to managing market
risks that is common to many large banks using proprietary models. Section |11 summarises the
lessons learned from the testing exercise conducted in 1994. Section |11 presents certain
generalised elements of a proposed supervisory framework for basing market risk capital
requirements on banks' internal measurement systems. Section IV discusses quantitative
standards for models and Section V looks at stress testing procedures. Section V1 describes
how examiners and auditors should validate internal models used to calcul ate supervisory
capital charges.
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I.  Common elements of banks approachesto risk measur ement

1 The internal models methodol ogy for measuring exposure to market risks is based
on the following general conceptual framework. Price and position data arising from the
bank's trading activities, together with certain measurement parameters, are entered into a
computer model that generates a measure of the bank's market risk exposure, typically
expressed in terms of value-at-risk. This measure represents an estimate of the likely
maximum amount that could be lost on a bank's portfolio with a certain degree of statistical
confidence.

2. The remainder of this section describes the main components of this sequential
process asit istypically deployed and serves as background for the discussion of the
proposed supervisory framework in the subsequent sections of the paper.3

(@ Inputs
3. The inputs of the measurement system include the following components:

- Position data, comprising positions arising out of trading activities;

- Price data on therisk factorsthat affect the value of the different positionsin the
portfolio. The risk factors are generally divided into broad categories that include
interest rates, exchange rates, equity prices, and commodity prices, with related
options volatilities being included in each risk factor category;

- Measurement parameters, which include the holding period over which the value
of the positions can change; the historical time horizon over which risk factor
prices are observed (observation period); and a confidence interval for the level of
protection judged to be prudent. These measurement parameters are in part
judgmental; for example, they may depend on the level of protection that the
model seeks to provide, unlike the position and price data which arein principle
exogenous.

(b) Themodelling process
4. Based on the above inputs, an internal valuation model cal culates the potential
change in the value of each position resulting from specified movements in the relevant
underlying risk factors. The changesin value are then aggregated, taking account of historical
correlation between the different risk factors to varying degrees - either at the level of an
individual portfolio or across trading activities throughout the bank. The movementsin risk
factors and the historical correlations between them are measured over the observation period
chosen by the bank as appropriate for capturing market conditions within its overall strategy.

3 The description in this section is for illustrative purposes and is not intended to define an internal model
that is approved for supervisory purposes.
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5. Banks generally use one of two broad methodol ogies for measuring market risk
exposure: variance/covariance matrix methodology and historical simulation. In the case of
the variance/covariance methodol ogy, the change in value of the portfolio is calculated by
combining the risk factor sensitivities of the individual positions - derived from valuation
models - with a variance/covariance matrix based on risk factor volatilities and correlations.
The volatilities and correlations of the risk factors are calculated by each bank on the basis of
the holding period and the observation period. The confidence level isthen used to determine
value-at-risk.

6. The historical simulation approach calculates the hypothetical change in value of
the current portfolio in the light of actual historical movementsin risk factors. This
calculation is carried out for each of the defined holding periods over a given historical
measurement horizon to arrive at arange of simulated profits and losses. The confidence level
Is used to determine the value-at-risk.

7. Thereisalso athird, less widely used approach, the Monte Carlo simulation
method, which tests the value of the portfolio under alarge sample of randomly chosen
combinations of price scenarios, whose probabilities are based on historical experience. This
method is particularly useful in measuring the risk in options and other instruments with non-
linear price characteristics but isless frequently used to measure the market risk in a broad
portfolio of products.

(c) Output
8. Each of the measurement methods described produces a final value-at-risk
number. Depending on the way the model is constructed, this number may be calculated for
individual positions, for different risk factor categories or for exposure to all kinds of market
risk. The numbers generated serve as the basis for monitoring exposure levels and exposure
limits and at some banks for allocating capital internally across the different business lines of
the bank.
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II. Lessonslearnt from thetesting exercise

1 In order to help determine which model parameters should be standardised or
constrained for the purpose of measuring market risk capital requirements, the Committee
carried out some preliminary testing in the second half of 1994. One object of the test wasto
establish how great a difference there would be between different models measures of value-
at-risk when an absol ute minimum number of parameters was specified. Another was to check
whether the value-at-risk measures would produce, in the Committee's view, reasonable
value-at-risk estimates relative to the size of the portfolio. For this purpose, atask force set up
by the Committee compiled atest portfolio of approximately 350 positions. The portfolio was
evaluated by fifteen banksin the major G-10 countries who measured the value-at-risk
produced by their own models for the portfolio, using a ten-day holding period and a 99%
confidence interval, as of the same date. In doing so, they were asked to produce a total value-
at-risk figure, aswell as individual values-at-risk for foreign exchange, interest rate and
equity risk categories and also to test four different variants of the portfolio, one balanced and
one unbalanced, each with and without options positions.

2. Although the raw results provided by the banks were quite disparate, further
Investigation was able to pinpoint the main factors contributing to the observed differences.
Among the several factors which led to the dispersion, the easiest onesto interpret related to
ambiguities which occurred in inputting the portfolio and the fact that banks were using
methods of varied sophistication for measuring options risks. After accounting for these
factors, dlightly over half of the individual responsesfell into a sufficiently close range but
significant overall dispersion remained.

3. The exercise identified several important differencesin model practice that
appeared to be responsible for differencesin the test results. Although the Committee realises
the inherent limitations of a single testing exercise, it believes that the main systematic
differences in model output are related to the following factors:

- when inviting banks to conduct the testing the Committee's task force did not set
any constraints on the historical time horizon over which price volatility is
observed. Some of the participating banks use very short periods, as short as afew
months, while others use periods of severa years;

- another cause of dispersion in the overall value-at-risk measures was differences
in the methods of aggregating different measures of risks, both within and across
risk factor categories (e.g. exchange rates, interest rates). For example, some
banks aggregated their value-at-risk numbers for different risk factor categories
using a simple sum method, others used a "square root of the sum of the squares"
method, whereas others used historical correlations;

- treatment of optionsrisk varies across banks, as many are still researching and
implementing more advanced approaches,
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- yet another difference in the measure of interest rate risk was caused by the
number and definition of interest rate risk factors used by different banks. For
example, the number of time buckets used varied widely and banks had different
ways of measuring the risk of changesin the yield curve and spreads between
yield curves;

- sofar asthe basic methodology for calculating value-at-risk is concerned, the task
force found no systematic difference between the results of banks using the
historical simulation approach and the variance/co-variance approach.

4. In summary, the preliminary testing exercise was extremely useful in providing
further insight into the issues which arose from the use of internal models. The Committee has
been guided by these insights in its choice of quantitative and qualitative standards set out in
the remainder of this paper.
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1. General elementsof a supervisory framework for the use of internal modelsin the
measurement of market risks

1 The results of the testing have confirmed the Committee's view that the type of
methodology described in Section | could be considered as a basis for setting regulatory
capital charges, subject to a number of quantitative and more generalised conditions which
banks would have to observe if they are to be alowed to use in-house models for this
purpose. The guiding principle of such an approach is the preservation of banks' incentives to
measure market risks as accurately as possible and to continue to upgrade their internal
models as financial markets and technology evolve. It isimportant to ensure, in particular,
that the use of models as a basis for measuring capital requirements does not introduce a bias
in favour of less rigorous assumptions in terms of measurement parameters. This section
describes a number of more generalised criteria which banks using models will be expected to
observein calculating value-at-risk for capital purposes (this does not mean that they have to
use the same parameters for measuring value-at-risk for internal risk management purposes).
The following sections discuss the use of more specific criteriafor the use of internal models
in the measurement of market risk capital requirements.

(@ Qualitative standards
2. When evaluating a bank's market risk measurement system, the first priority for
supervisory authorities isto assure themselves that the system is conceptually sound and
implemented with integrity. Consequently, supervisory authorities will specify a number
of qualitative criteria that banks using a models-based approach must meet. These
criteriaareset out in Part B of the Supplement. In most cases, the qualitative standards are
self-explanatory. However, one requirement, so-called stress testing, is addressed in
Section V below.

(b) Specification of market risk factors
3. Therisk factors contained in a bank's market risk measurement systems should be
sufficiently comprehensive to capture all of the material risks inherent in the portfolio of its
on- and off-balance-sheet trading positions. The risk factors should cover interest rates,
exchange rates, equity prices, commodity prices, and volatilities related to options positions.
Although banks will have some discretion in specifying the risk factors for their internal
models, the Committee believes that they should be subject to the series of guidelines set out
in Part B of the Supplement.
4. Overall, these guidelines tend to be of ageneral character to allow for a number of
possi ble approaches to measuring market risk. However, a common theme that runs
throughout the proposed standard is that the level of sophistication of the risk factors used
should be commensurate with the nature and scope of the risks taken. For example, in
measuring exposur e to interest rates, the Committee has concluded that a minimum of 6
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maturity bands (each representing a separaterisk factor) needsto be used for material
positionsin the various currencies and markets. However, institutions that hold alarge
number of positions of different maturities or that engage in complex arbitrage strategies
require a greater number of risk factors to measure their exposure to interest rates effectively.
In addition, al banks using the internal models approach should be in a position to measure
spread risk (e.g. between bonds and swaps), with the sophistication of approach again being a
function of the nature and scope of the bank's exposure to interest rates. In the case of options,
where the risks are particularly complex, the specific conditions set out in Section 1V (€)

would apply.

(c) Specificrisk for models
5. The methodology for banks not using internal models is based on a "building-
block™ approach in which the specific risk and the general market risk arising from securities
positions are measured separately. The focus of many internal models is on bank's general
market risk exposure, leaving specific risk (i.e. exposures to specific issuers) to be measured
largely through separate credit risk measurement systems. However, thisis not universally the
case. Moreover, the extent to which specific risk is captured for one risk factor may differ
from the extent to which it is captured for another risk factor, even within the same bank. As
is stated in paragraph 11 of Section | of the accompanying Supplement, the Committee
believes that a separate capital charge should apply to the extent that the model does not
capture specific risk. However, for banks using models, the total specific risk charge applied
to debt securities or to equities should in no case be less than half the specific risk charges
calculated according to the standardised methodology. Banks are invited to express their
views on how to calculate the extent to which a model is measuring specific risk in order to
avoid possible double-counting.
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IV. Quantitative standards

1 To address supervisors prudential concerns and in order to ensure that the
dispersion between the results of different models for a uniform set of positions are confined
to arelatively narrow range, banks which use models as a basis for calculating market risk
capital will be subject to a number of parameters governing the way in which models are
specified. The way in which these parameters are selected and the manner in which the capital
chargeisto be calculated are discussed in this section.

(@ Theholding period for calculating potential changesin the value of the bank's
trading portfolio

2. In selecting a holding period over which price changes are measured, a number of
considerations need to be balanced. Save in exceptional circumstances, the longer the holding
period the greater is the expected price change and consequently the measured risk. Many
banks models used for trading purposes currently employ a one-day holding period for the
measurement of potential changes in position values. This approach is not unreasonable in the
context of atrading environment under normal market conditions, where trading managers
can take day-to-day decisions to adjust risk. For capital purposes, however, it seems prudent
to consider potential changes in value over somewhat longer horizons. In large measure, the
use of alonger holding period reflects the possibility that markets may becomeilliquid,
preventing market participants from being able to trade out of losing positions quickly. In
addition, alonger holding period will take greater account of instruments with non-linear
price behaviour, such as options. At the same time, the holding period should not be so long
asto be unrealistic in the light of banks' past experience in winding down positions.
3. The market risk proposal of April 1993 envisaged a holding period of at least two
weeks in order to guard against the consequences of banks being locked into unprofitable
positions. The Committee continues to believe that a two-week holding period is necessary
for the reasons explained above. Thusthe Committee has concluded that the holding
period used to measure value-at-risk for market risk capital purposes should be two
weeks (ten business days), taking the bank's trading positions as fixed for thisinterval.
In computational terms, the intention is to hold the bank's trading positions fixed and to apply
changes in risk factors that are based on movements over ten-day intervals. Nonetheless,
except for their options positions, banks would be free to continue to use risk factor changes
based on shorter holding periods, as long as the resulting figures are scaled up to aten-day
holding period. For example, the value-at-risk calculated according to a one-day holding
period could be scaled-up by the "square root of time" method by multiplying by 3.16 (the
square root of ten trading days). However, this extension is not suitable for options for the
reasons explained in sub-section (e) below.
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(b) The observation period over which historical changesin prices are monitored
and their volatilities and correlations measur ed

4. The historical sample period (or "time horizon") over which past changesin
prices are observed varies among banks according to each bank's general strategy. A bank
which wants its model to be responsive to short-term market trends and volatilities may apply
arelatively short horizon. Banks wishing to evaluate their risk in the light of a medium-term
evolution of volatility may look back over a historical period of several years. The question of
data availability is also relevant since for many instruments with relatively short lives, lengthy
historical data are non-existent and proxies must be used.
5. At any given point in time the choice of historical sample period can have a
significant impact on the size of the estimated value-at-risk produced by an internal model.
Short sample periods are more sensitive to recent events than long sample periods but this
very sensitivity means that for afixed set of positions a short sample period leads to greater
variability in the measure of value-at-risk relative to alonger measurement horizon. Although
alonger time horizon may sound more conservative, the value-at-risk depends on how rapidly
prices have changed in different time periods. If recent price volatility has been high, a
measure based on a short horizon could lead to a higher risk measure than a horizon covering
alonger but overall less volatile period. The disadvantage of a short time horizon isthat it
captures only recent "shocks", and it could lead to a very low measure of risk if it coincides
with an unusually long stable period in the markets. The disadvantage of alonger time
horizon is that it does not respond rapidly to changes in market conditions: in this case, the
value-at-risk will react only gradually to periods of high volatility, and the reaction may be
small if the period of high volatility isrelatively brief.
6. Recognising that different time horizons may legitimately reflect individual banks
assessments of how best to measure their risk under current conditions, the Committee does
not feel it would be desirable to impose afixed historical sample period for all institutions
that use the internal models approach. On the other hand, the testing exercise conducted in
1994 indicated that the use of widely different time horizons contributes importantly to the
variability in measured value-at-risk that may occur for a given set of positions across banks.
The Committee has concluded that a constraint should be set on banks' choice of time
horizon. Accordingly, banks will at the least be required to apply a minimum historical
sample period of one year for calculating value-at-risk (with freedom to opt for longer periods
if they so wish). The Committeeis also reviewing the possibility of requiring banks to
calculate value-at-risk according to the higher of two value-at-risk numbers obtained by using
two historical sample periods to be determined individually by each bank, one long-term (at
least one year) and one short-term (less than one year, with, for example, a difference of at
least six months between them). Using a"dual” sample period of this kind would on average
introduce an additional layer of conservatism in banks' value-at-risk estimates by capturing
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short-term volatility, albeit at the cost of a greater processing burden. Comment isinvited on
the validity and technical feasibility of these two alternatives.

7. The Committee is also aware of the existence of methods that do not weight all
past observations equally. While such methods do not initially seem to fit easily within the
proposed scheme, the Committee is confident that away can be found to incorporate such
schemes (possibly with modification) into the spirit of the proposed limitation. Comment is
specifically invited on possible approaches to this issue.

8. Dispersion of results can also arise from banks' choice of historical data used to
observe past price movements. The Committee doubts whether it is practical to seek to steer
banks toward uniform data sets, but the data clearly need to be subject to a strong control
process. In this context, it is essential that the data be updated and the correlations and
volatilities recalculated at frequent intervals. The Committee has decided to set a maximum
interval of three months for such recalculation, but banks should also reassess their data sets
whenever market conditions are subject to material changes.

(c) Thesupervisory confidence level for potential value-at-risk loss amounts
0. In specifying a value-at-risk model, one of the variables that has to be determined
isthe level of protection judged to be prudent. The confidence intervals used by banks
typically range from 90% to 99%. As a prudential matter, the Committee feelsitis
appropriate to specify acommon and relatively conservative confidence level. It istherefore
specifying that all banks using the models approach employ a 99% one-tailed confidence
interval. A confidence level of 99% means that there is a 1% probability based on historical
experience that the combination of positionsin a bank's portfolio would result in aloss higher
than the measured value-at-risk.

(d) Limitson aggregation methods
10. In measuring the risk in a portfolio, it is a standard statistical technique to take
account of the fact that the price movements of certain instruments (e.g. debt securities with
similar coupons or closely-correlated currency pairs) tend to move together. However,
observed correlation among some instruments (e.g. foreign exchange rates and equities),
while at times perhaps significant, may be unstable; in unusual market conditions, some of the
assumed correlations may break down, occasioning losses that greatly exceed measured risk.
The Committee has therefore given careful consideration to the possibility of disallowing
certain correlations for the purposes of calculating regulatory capital.
11. Thisis acomplex issue because it is difficult to determine in advance which
correlation assumptions are or are not prudent. One correlation assumption is not always more
conservative than another. For example, an assumption of independence (i.e. zero
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correlation)* between interest rates and equity prices may not be conservative if abank holds
long positions in both equities and bonds. In practice, most models calcul ate the correlations
within risk factor categories but differ in their treatment of correlations across broad groups of
risk factors.

12. The Committee believes that attempts to stipul ate detailed and specific correlation
assumptions would be difficult and, for certain portfolio compositions, could lead to an
underestimation of risk. However, the disadvantage of relying solely on past historical
relationships to determine prudential capital standardsis also recognised. Of particular
concern isthe reliance on historical correlations across broad risk factor categories where the
interrelationships of market factors may be more tenuous. Given its desire to reduce the
potential for dispersion and to address the prudential concerns addressed above, the
Committee favours an approach which gives banks flexibility on the use of correlation
assumptions but limits correlations across risk factor categories:

- within each risk factor category (e.g. interest rates, foreign exchangerates,
equity prices and commodity prices, including related optionsvolatilitiesin
each risk factor category), a bank would have the flexibility to use
correlationsit deemsappropriate, provided that its supervisor is satisfied
that the processfor calculating correlationsis carried out with integrity;>

- acrossrisk factor categories, value-at-risk numbers should be aggregated on
asimple sum basis.

13. The Committee recognises that this treatment is conservative in that it assumes
that the "worst case" outcomes for each risk factor category occur simultaneously. However,
of the fifteen major market banks which participated in the 1994 testing exercise, more than
half used a simple sum approach to aggregate value-at-risk across risk factors, while the
others used either a root-sum-of-squares method or empirical correlations. Clearly, therefore,
acommon industry practice for the treatment of correlations across risk factor categories has
yet to emerge. The simple sum approach is preferred by the Committee to other alternatives
(such asthe root sum of sgquares approach) because it does not incorporate correlation
assumptions that might prove lenient in the event of severe or prolonged market movements.

(e) Accurate measurement of optionsand other instrumentsthat display option-
like behaviour
14. Currently, there are differences in the degree to which banks are able to
incorporate options risk into their market risk models. Some banks rely on approximations of

4 Thisis done by using the "square root of the sum of the squares' method to aggregate across risk factor
groups.
5 However, as explained in Section V, banks' stress testing ought to include the effect of a breakdown of

historical correlations within risk factors as part of its on-going risk management process.
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options price movements, which may fail to take account of the fact that options are non-
linear, i.e. their prices do not move proportionately with the price of the underlying. However,
anumber of large banks are moving towards more sophisticated simulation techniques that
would more fully account for non-linear price behaviour. In order to encourage a movement
over time to more sophisticated risk measurement techniques, it isimportant to establish
requirements concerning the treatment of options that provide strong incentives for banks to
update and to refine their risk measurement systemsin this area.

15. Againgt this background, the Committee has come to the conclusion that
banks' internal risk measurement systems should capturethe non-linear behaviour of
options prices with respect to changesin underlying rates or prices. At a minimum,
banks' internal risk measurement systems should incor porate option price behaviour
through a non-linear approximation approach involving higher-order risk factor
sensitivities (such as gamma). The direct use of options risk management models to
calculate all possible changesin option values - which would more fully capture the non-
linearity inherent in options positions, at a somewhat higher computational cost - should be
considered as alonger term goal for banks market risk systems.

16. It is also important that banks cal culate changes in option values based on
movements in underlying risk factors measured on relatively long holding periods, because
"scaling up" the value-at-risk figures generated by a one-day holding period assumption
would fail to capture non-linearity, which is more pronounced for larger changesin
underlying risk factors. The two-week holding period suggested in (a) above seemsto be
adequate for this purpose. This means that banks would not be permitted to scale up by the
sguare root of time their value-at-risk for options positions.

17. In contrast to most other instruments, options values are affected by the volatility
of the underlying rates and prices as well as by changesin the level of these factors. Asa
result, banks' risk measurements systems should evaluate the impact of changes in volatility
on option values (vega). In practice, this can be accomplished by modelling volatilities as
additional risk factors and including them in the overall set of risk factors affecting the value
of the bank's trading positions. Banks with relatively large or complex options portfolios
should also measure volatilities across different points along the yield curve.

(f) Calculation of the capital charge
18. The Committee has examined carefully how banks' value-at-risk measures based
on the parameters described above can be converted into a capital requirement that
appropriately reflects the prudential concerns of supervisors. One of the problems of
recognising banks' value-at-risk measures as an appropriate capital chargeisthat the
assessments are based on historical data and that, even under a 99% confidence interval,
extreme market conditions are excluded. The Committee does not believe that a ten-day
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value-at-risk measure provides sufficient comfort for the measurement of capital for a number
of reasons, which include:

- the past is not always a good guide to the future;

- the assumptions about statistical "normality” built into some models may not be

justified, i.e. there may be "fat tails" in the distribution curve;

- the correlations assumed in the model may prove to be incorrect;

- market liquidity may become inadequate to close out positions.
19. Many of the factors listed above are very difficult to quantify. Even if they were
capable of quantification, ajudgement would still have to be made asto how far it is
necessary to guard against rare market occurrences. The conclusion of the Committeeis
that supervisorswould not have sufficient comfort unlessthe value-at-risk measure,
calculated accor ding to the quantitative standards set out in this section, wereto be
multiplied by an appropriate factor. Such a multiplication factor would provide a means of
adjusting the value-at-risk numbers (using the parameters set out earlier) generated by banks
internal models to produce an enhanced level of capital coverage against losses that banks
might sustain in the event of severe or prolonged market movements. The Committee,
however, emphasises that the multiplication factor is not meant to substitute for regular stress
testing (see Section V below) by market participants themselves.
20. The multiplication factor will be set by individual supervisors on the basis of their
assessment of the quality of the bank's risk management system, subject to an absolute
minimum of 3 (although this minimum number may be reviewed in light of additional
experience). The Committee has agreed that banks should berequired to add to this
factor a" plus' directly related to the ex-post perfor mance of the model, ther eby
introducing a built-in positive incentive to keep high the predictive quality of the model
(e.g. it could be derived from the outcome of so-called "back-testing”" and be zero when such
results are satisfactory). More work will be done during, and on the basis of, the consultation
to check further the feasibility of the "plus’ and to arrive at a more precise definition of it.
21. The question of the appropriate capital charge is also related to the accepted rule
that banks' capital requirements should be met on a continuous basis. One of the
characteristics of market risk isthat it is far more volatile than credit risk. The value-at-risk
measure produced by a model will change not only when the bank's positions move, but also
when the market moves sharply (especially the risk in the options book). The Committee
recommendsthat banks should be required to meet, on a daily basis, a capital
requirement expressed asthe higher of :

- thepreviousday'svalue-at-risk number calculated according to the

parameter s established in sections (a) to (€) above;
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- an average of the value-at-risk measures on each of the last sixty business
days, multiplied by the multiplication factor designated by the national
supervisor.

22. Basing the capital requirement on the higher of these two measures has the
advantage of placing alower limit on the capital requirement. When the bank's value-at-risk
measure, which can fluctuate on a day-to-day basis, produces arelatively low number on a
given day, the sixty-day average multiplied by the multiplication factor effectively becomes
the capital requirement, thusimposing a certain level of stability and providing a cushion for
potential losses that could arise during periods of greater stress. At the same time, banks must
also maintain on a continuous basis a sufficient level of capital to guard against peak levels of
value-at-risk, as measured by the previous day's value-at-risk number calculated according to
the quantitative standards set out in Part B of the Supplement. Banks therefore also need to
evaluate whether the sixty-day average scaled up by the multiplication factor produces a
sufficient capital cushion for such potential upsurges in measured value-at-risk over short
periods of time.

23. Basing the use of internal models on a series of rigorous qualitative standards and
ensuring that these are upheld on a continuous basis through the external validation process
should give supervisors comfort about the accuracy of banks' internal models, including the
principle that banks conduct back-testing. Thisis done by comparing ex post the risk measure
generated by their internal models against actual daily profits and losses over longer periods
of time, aswell aslooking at hypothetical profits and losses generated by the (end-of-day)
portfolio used for the value-at-risk calculation. If supervisorsfail to gain sufficient comfort,
they may either wish to demand that the model specifications be tightened or may increase the
bank's multiplication factor (or, in an extreme case, disallow the model atogether). The
supervisors might also wish to compare the results of stress tests with the level of capital
produced under the requirements laid down. In any event, they will have a number of means
of checking that a bank's model is providing an accurate measure of risk.
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V. Stresstesting

1 Banks that use the internal models approach for meeting market risk capital
requirements must have in place arigorous and comprehensive stress testing program.
Stresstesting to identify events or influences that could greatly impact banks are akey
component of a bank's assessment of its capital position.

2. Understanding and protecting against the vulnerabilities of afinancial company's
risk-taking activitiesis of course one of the major responsibilities of its board of directors and
senior management. Banks' stress scenarios need to cover arange of factors that can create
extraordinary losses or gainsin trading portfolios, or make the control of risk in those
portfolios very difficult. These factors include low-probability eventsin all major types of
risks, including the various components of market, credit, and operational risks. Stress
scenarios need to shed light on the impact of such events on positions that display both linear
and non-linear price characteristics (i.e. options and instruments that have options-like
characteristics).

3. Banks' stress tests should be both of a quantitative and qualitative nature.
Quantitative criteria should identify plausible stress scenarios to which banks could be
exposed. Qualitative criteria should emphasise that two major goals of stress testing are to
evaluate the capacity of the bank's capital to absorb potential large losses and to identify steps
the bank can take to reduce its risk and conserve capital. This assessment isintegral to setting
and evaluating the bank's management strategy and the results of stress testing should be
routinely communicated to senior management and, periodically, to the bank’s board of
directors.

4. The Committee recognises the difficulty associated with identifying standardised
stress scenarios that will have a consistent impact across all banks. In general, the impact of
any given set of market movements will depend crucially on the particular positionsheld in a
bank's trading portfolio. In this regard, the Committee has carefully considered the trade-offs
between standardisation of the stress scenarios that banks would be required to evaluate and
the difficulties of permitting some degree of bank-specific analysis while ensuring a common
degree of rigor. The Committee concludes that the best way to address these difficultiesisto
combine the use of supervisory stress scenarios with stress tests devel oped by individual
banks to reflect their specific risk characteristics. Specifically, supervisors may ask banksto
provide information on stress testing in three broad areas, which are discussed in turn below.

(@) Supervisory scenariosrequiring no ssmulations by the bank
5. Banks should have information on the largest |osses experienced during the
reporting period available for supervisory review. Thisloss information could be compared to
the level of capital that results from abank's internal measurement system. For example, it
could provide supervisors with a picture of how many days of peak day losses would have
been covered by a given value-at-risk estimate.
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(b) Scenariosrequiring a simulation by the bank
6. Banks should subject their portfolios to a series of simulated stress scenarios and
provide supervisors with the results. These scenarios could include testing the current
portfolio against past periods of significant disturbance, for example the 1987 equity crash,
the ERM crisis of 1993 or the fall in bond markets in the first quarter of 1994, incorporating
both the large price movements and the sharp reduction in liquidity associated with these
events. A second type of scenario would evaluate the sensitivity of the bank's market risk
exposure to changes in the assumptions about volatilities and correlations. Applying this test
would require an evaluation of the historical range of variation for volatilities and correlations
and evaluation of the bank's current positions against the extreme values of the historical
range. Due consideration should be given to the sharp variation that at times has occurred in a
matter of daysin periods of significant market disturbance. The 1987 equity crash, the
suspension of the ERM, or the fall in bond marketsin the first quarter of 1994, for example,
all involved correlations within risk factors approaching the extreme values of 1 or -1 for
several days at the height of the disturbance.

(c) Scenariosdeveloped by the bank itself to capture the specific characteristics
of its portfalio.

7. In addition to the scenarios prescribed by supervisors under () and (b) above, a
bank should also develop its own stress tests which it identifies as most adverse based on the
characteristics of its portfolio (e.g. problemsin akey region of the world combined with a
sharp movein oil prices). Banks should provide supervisors with a description of the
methodology used to identify and carry out the scenarios as well as with a description of the
results derived from these scenarios.
8. Stresstesting alone is of limited value unless the bank is ready to respond to its
results. At aminimum, the results should be reviewed periodically by senior management and
should be reflected in the policies and limits set by management and the board of directors.
Moreover, if the testing reveals particular vulnerability to a given set of circumstances, the
national supervisorswould expect the bank to take prompt stepsto manage thoserisks
appropriately (e.g. by hedging against that outcome or reducing the size of its
EXPOSUr es).
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V1. External validation

1 An independent review and validation of banks market risk measurement systems
isessential if supervisors are to be assured that banks measurement systems not only meet the
standards described above but also that the models are well designed and implemented with
integrity. The main focus of this review should be on the adequacy of the internal validation
process and of the documentation of the bank’s policy and procedures. The generalised
components of an adequate validation process are set out in the accompanying Supplement.

2. The Committee has considered a number of ways of enhancing the ability to
validate the output of banks' internal risk measurement models. This discussion has focused
on determining what sort of information would be useful (a) in understanding the factors
determining a bank's estimate of its market risk exposure and (b) in gaining comfort that the
estimates are a reasonable representation of the actual risks arising from the banks' trading
activities.

3. The Committee is also considering to conduct occasional further tests of the type
conducted in the second half of 1994 and planned for the consultative period. Such exercises
produce extremely useful comparative information about the results of banks' risk
measurement models, although it is recognised that they require time, expertise and resources
on the part of contributing banks. Nevertheless, it isinevitable that supervisors should wish to
satisfy themselves that banks models produce reasonably consistent results.

4. The Committee believesit essential that banks conduct back-testing (see
paragraph 1V.23), and that they make the results and the underlying inputs to the value-at-risk
calculation available to their supervisors and/or external auditors on request. Such
comparisons would provide the supervisors with a useful tool for evaluating how accurately
banks' internal models are able to measure the market risk of their portfolio over time.

5. The development of rigorous stress tests, as set out in V above, is akey element

of ameaningful validation scheme, sinceit isimportant to ensure that the capital generated by
the market risk capital charge is sufficient to withstand losses that might result from

unanti cipated market movements (for instance, when correlation assumptions break down). It
is adeliberate objective of the Committee to encourage banks to develop stress tests that are
tailored to their individual risk profiles.
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