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A bstract

The paper applies the methodologies proposed by Basel Committee on Banking
Supervision for assessing the capital requirements in the context of operational risk to
a Romanian commercial bank. The basic indicator, standard and internal
measurement approaches (IMA) have been used to asses the capital requirement
levels needed to cover the operational risk. The IMA is implemented using the loss
distribution methodology (LDA). The capital at risk is computed from the loss
distribution that aggregates, using Monte-Carlo simulations, the frequency and loss
size distributions, fitted to the empirical data, for each business line and event type
pair. Even though IMA is more costly and difficult to implement, it has, in some
circumstances, considerable rewards in terms of capital requirements.
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] . Introduction

The Basel Committee on Banking Supervision has set up in the New Capital Accord
(Basel Il) three methodologies for determining the necessary capital requirements that
cover the operational risk. In Romania (National Bank of Romania assessment on
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November 10, 2010) the methodologies applied for operational risk computation and
reporting in the banking system (33 banks) are:

¢ basic indicator approach (BIA) — used by 27 institutions;
e standardized approach (SA) — used by 4 institutions;
¢ internal measurement approach (IMA) — used by 2 institutions.

d. Basic Indicator Approach

The Basic Indicator Approach (BIA hereafter) is the simplest of the three methods; it
implies the computation of a single indicator, such as gross income, that is multiplied
by a constant ratio, in order to determine the capital requirements that should cover
the operational risk events. The bank that employs this methodology should set aside
a capital level consistent with the three year average gross operational income. The
ratio used to translate this average into capital requirements has been set by the
Basel Committee at 15% (alpha). The formula used is:

3
> max(OR;;0)

K —a i=1
BIA 3 —n
where: Kgia = the capital requirement determined according to BIA
OR; = gross revenue for operational activities, for each bank, in the last
three years
a = the ratios set by the Basel Committee at 15%
n = the number of years in the last three when the operational revenue

had been negative.

The advantages of the BIA are: very easy to implement, it doesn’t require special
conditions — e.g. for data reporting and compiling; it's recommended for small banking
institutions that have a relatively simple activity portfolio. BIA is just a method for
determining the capital requirement for operational risk and not a methodology for
determining the operational risk.
For the banking institution, for which data are available in this paper, the above-
mentioned method produces the following results:

Table 1

Capital requirements for operational risk determination in the BIA
approach (mil. RON)

2006 | 2007 | 2008 | 2009
Operational revenue 231 327 537
Average over the last three years 365
Capital requirement according to BIA (15%) 54.75

Source: Authors’ calculations.

With total assets at a level of around RON 10 billion at the end of 2009 and total
capital close to a level of a quarter of billion RON, the banking institution analyzed in
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this paper offers diversified financial services. The BIA capital requirement of RON
54.75 million, roughly equivalent to EUR 12.92 million, seems to underestimate the
requirement and the characteristics of the bank and its real risk profile.

—3. The Standardized Approach

The Standardized Approach (SA hereafter) is a refinement of the BIA, the method
being basically the same, with the sole difference that the operational gross revenue is
split among eight business lines: corporate finance, payment and settlement, trading
and sales, agency services, commercial banking, asset management, retail banking
and retail brokerage. The gross income from this business lines is considered to proxy
the risk exposure to operational risk. The capital requirement is computed applying
specific coefficients (beta — between 12% and 18%), that are deemed to estimate the
relationship between the volume of activity for that specific business line and the
losses implied by the occurrence of operational risk in the same business line. The
first three business lines (corporate finance, payment & settlement and trading &
sales) are considered to induce larger losses to the bank from the operational risk
perspective, hence the coefficient used to translate revenue volume into capital
requirements is larger — 18%. The next two business lines — agency services and
commercial banking — have a lower coefficient of 15% and the last three (asset
management, retail banking and retail brokerage) are considered the least risky, with
a coefficient of 12%. The formula used for capital requirements computation in SA is:

3 8
> max()_ (B, x OR,):0)
K. = i=1 Jj=1
54 3
where: Ksa = the capital requirement under the SA
OR;, = the gross operational revenue for each of the three years and
business lines

B = Basel Il coefficient for capital requirement determination for each
business line.

The SA, compared with BIA, seems to better capture the diversity in the bank’s risk
profiles and is an evolutionary step toward the internal measurement approach. Using
data for the same bank and applying the SA the capital requirement is:

Table 2
Capital requirement for operational risks according to SA (mil. RON)

Business line Beta| 2006 | 2007 | 2008 | 2009
Corporate finance 18% 5.65 7.73] 11.00
Trading and sales 18% | 33.54| 55.90| 124.17
Payment and settlement 18% | 129.51| 167.36| 193.06
Commercial banking 15% | 24.89| 34.08| 48.42
Agency services 15% | 15.32] 20.98| 29.81
Retail banking 12% | 18.11] 34.89| 119.80
Retail brokerage 12% 0.37 1.08 3.71
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Business line Beta| 2006 | 2007 | 2008 | 2009
Asset management 12% 3.61 4.98 7.03
Total - 231.00| 327.00| 537.00
Annual operational revenue multiplied by 39.05| 54,75| 86,48
Capital requirement according to SA 60.09

Source: Authors’ calculations.

The capital requirement applying the SA is RON 60.09 million (around EUR 14.18
million), higher by RON 5.34 million (EUR 1.26 million) than the amount determined by
the BIA, indicative of a better assessment of the bank’s requirements from the capital
adequacy point of view.

d. The internal measurement approach

The third method, the internal measurement approach (IMA hereafter) enables the
banks to develop their own capital adequacy determination model based on internal
estimates. In order to use this approach, the banks must receive the approval of the
regulatory and supervising institution and to meet certain requirements — to have their
internal model(s) certified as being sophisticated enough to capture events with a
significance coefficient of 0.1%.

Unlike credit and market risk, where the internal measurement approach captures
only unexpected risks, for the operational risk the expected losses should be captured
alongside unexpected ones, also. The data collected by the banking institutions using
IMA should be structured along business lines and type of operational risk events.
Although, only few Romanian credit institutions have adopted the IMA, most of the
banks stride to implement the SA, thus laying the foundation for using, sometime in
the future, the IMA, considered the most efficient method to monitor operational risk.

The most frequent internal measurement approaches used in the literature are the
loss distribution approach and scorecard method.

The scorecard method is an instrument used by the bank to identify the vulnerable
elements that could induce operational risks. The variables used by the scorecard
method are financial and non-financial indicators. A representative financial indicator
used by the above mentioned method is the cost to revenue ratio. A reduction in this
indicator signals usually an efficiency gain, but from a certain point onwards the link
between revenue and cost cannot be sustained in the same risk envelope. An
example could be a higher cost-revenue ratio achieved by reducing audit and control
expenses, or by cutting the monitoring systems expenses or slashing IT development
costs, all implying higher operational risks.

Nonfinancial indicators help banks to develop their risk management — an example
could be the ratio between back-office and front-office personnel. On one hand, a low
ratio could indicate a higher probability of an operational risk occurrence for
processing transactions (erroneous or delayed processing) and, on the other hand, a
high ratio correlated with an inadequate distribution of responsibilities favors different
occurrences of operational risk (the employees could consider that somebody else
has processed the transaction). Another non-financial indicator is the training
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expenses per employee. A good bank employee is a knowledgeable one, trained to
efficiently accomplish his/hers activity and with a good understanding of the
procedures and risks implied by the job. A good assessment of the initial knowledge
endowment of the workforce and constant training are an efficient investment by the
bank that could potentially reduce operational risk and increase efficiency. Other key
nonfinancial indicators that should be monitored by banks are personnel turnover, the
volume of transaction, the number of employees that don’t have ten successive days
of vacation in a certain amount of time, customer complaints, etc.

A constant monitoring of this (and other) indicators could help the banks to properly
analyze their internal processes and to manage correctly the risks, in order to reduce
operational risk losses and even the capital requirement necessary to be set aside for
this purpose.

The second approach to implement IMA is the loss distribution approach (LDA
hereafter) applied to each business line and type of event in order to asses the
severity of the losses and their frequency of occurrence. Estimating these two
distributions implies the use of the historical records on operational risk events
spanning at least over the previous year.

The frequency distribution models the occurrences of operational risk within the bank
and the specific business line/event type and being a discrete distribution, a Poisson
or binomial distribution is typically used (Frachot et al., 2001).

The loss distribution is more difficult to model as a classical distribution and hence is
sometimes modeled in a split fashion, part of it as an ordinary distribution — for small
losses with high frequency - and an extreme event part - for big losses with low
frequency. The first distribution collects all the losses from the threshold that deems
them relevant to the bank to the level that is considered exceptional, and the extreme
event distribution will collect all the events that surpass the latter level. The ordinary
distribution could be modeled as a positive and continuous distribution such as
exponential, Weibull, Pareto or Gamma.

The capital requirement computed by this method is similar to the value at risk
methodology. A level of the capital requirement will be determined for each business
line and event type (each cell in the risk matrix) and then the total capital is just the
sum of the subcomponents.

For a business line and operational risk event type the expected loss (EL) and the
unexpected loss (UL) are defined as in Frachot et al. (2001):

o0

ELG. ) = E[v(i. )] = [xdG, ,(x)
and O

UL(, j;a) = G;} (@) - E[v(i, )] =inf{x |G, ;(x) 2 a} - o]xdGi,j (%)

where: i,j - abusiness line and an event type

v(i,j) - a random variable which represents the loss of an operation risk event
on the business line i and type of event j
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a  -the confidence level
Gij -the compounded distribution of losses and frequencies

The number of events between time t and t+r is random; the corresponding variable
N(i,j) has a probability function p;;. The loss frequency distribution is:

PG )= p,, (k)

The loss for the business line i event type j between times t and t+r is:
N(i.j)
vi, ) = D ¢, 30 ))

The expected loss corresponds to the expected value of the random variable v(i,j) and
the unexpected loss is the quintile for the level minus the mean. Although the Basel
Committee proposes that the amount of unexpected loss to determine the capital
requirement, most credit institutions compute the total losses — as a sum of expected
and unexpected losses — for determining capital requirements for operational risk. The
Capital-at-Risk is defined as (Frachot et al., 2001):

PR _ - P |
CGR(Z, ]7a) - EL(la.]) + UL(Za ]7“) - Gi,j (a)
and the expected loss can be computed as:
E[v(i, N]= ELE[V(, ) | NG, )] = EING, DIX E[S (G, /)]
A precise modeling of the distributions implied by the method is required in order to
produce an accurate estimate of the reality. Moreover, if the distributions are not

estimated correctly, their aggregation could lead to results very far from the reality —
especially when the distributions have fat tails.

The main problem faced by financial institutions in using this approach is the lack of
complete and coherent historical records. The data should have been collected at
least over the previous year, but the recommended time span is longer — between 3
and 5 years. The data should include all the business lines and the exposures from all
locations and branches. As well as the gross value of the loss, there should be a
record on the date of the event, a short description and the amount of the loss
recovered if any. Data problems are not uncommon, ranging from records being
biased towards small/large events (depending on the costs implied by recording an
event), to reporting only for some business lines/event types.

Also, the LDA should consider external databases, but harmonizing these two types of
data sources (internal and external) is even more problematic, as the circumstances
could be very different (for the internal and external banking institutions) and the biases
exhibited by the databases could be also different. An institution's data are considered
fully comprehensive if the institution indicated that the loss data above its internal
threshold were complete for all business lines of recent years. (Dutta, Perry, 2007).

As the data problems are solved (to some extent) the next step is to choose the loss
distribution that depicts the data better. Several distributions can be used
(exponential, gamma, chi-squared, Pareto, loglogistic, Weibull, etc.) and the usual
tests for comparing the empirical distribution and the theoretical one can be employed
(Kolmogorov-Smirnov, Anderson-Darling, Cramer-von Mises, Watson, etc.) along with
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quantile — quantile plots. The Kolmogorov-Smirnov test compares the two distributions
and reports the maximum discrepancy, in absolute value, between the cumulative
distribution functions of the empirical and theoretical distributions. The
Anderson-Darling test is an extension of the previous test that puts a higher weight on
the tails of the distributions.

The database used for applying the LDA contains 2.654 operational loss events
(spanning from January 1%, 2007 to December 31, 2009; data is collected in euro) for
the same bank that was previously analyzed in the BIA and SA methodologies. After
grouping the events along business lines (BL hereafter) and event types (OLE
thereafter) in a risk matrix (presented in Table 3 and Table 4 in Appendix) the
frequency and the size of the loses for each matrix cell have been modeled
separately, the frequency being modeled as Poisson distributions.

As an example three of the groups are presented below - OL6BL5 (1.653
observations), OLE2BL5 (324 observations) and OLE2BL8 (140 observations) — the
empirical series histogram and the theoretical series histogram (corresponding to the
theoretical distribution determined to be the closest to the empirical one by the tests -
Weibull distribution with parameters s=33.0978 and a=0.5579 for OLE6BLS5; Weibull
distribution with parameters $=29.0604 and a=0.6579 for OLE2BL5 and also a
Weibull distribution with parameters s=535.2750 and a=0.5515 for OLE2BLS).

Figure 1

Histograms and QQ plots for the empirical and theoretical distribution
OLEGBL5

QQ plot for the two distributions

Histogram of the two series (empirical and theoretical distribution -
(OLEGBLS and the theoretical distribution) OLE6BLS5)
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Source: Authors’ calculations.
There are also QQ plots depicted below for the empirical and theoretical distributions
for these three groups.
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Each operational risk event category has been modeled separately (except a few that
had very few observations and have been modeled together), several distributions
being tested — the tests assessing the distance between the empirical and different
theoretical distributions being reported in Table 5 (Appendix). In Table 6 (Appendix)
the parameters of each distribution fitted to the empirical data is reported. In almost all
cases the loss distribution selected by the tests has been the Weibull distribution
(except for the event group OLE2BL7 that seems to be better modeled by the gamma
or normal distribution).

OLE2BL5
Histogram of the two series QQ plot for the two distributions
(OLE2BL5 and the theoretical distribution) (empirical and theoretical distribution -
OLE2BL5)
OLE2BL5 R 320-
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[ Histogram = Weibull Quantiles of OLE2BL5_R
Source: Authors’ calculations.

Using the above mentioned distributions for frequency and severity of the losses,
10,000 draws are generated for frequency and loss size and subsequently aggregated
in a loss value distribution. The latter is used to compute the capital at risk — the loss
value corresponding to a significance level of 0.1%. The process depicted above is
repeated 100,000 times, the average of this Monte-Carlo simulations determining the
capital at risk values, reported in Table 6 (euro) and Table 7 (RON) for each business
line and event type pair, are also at the aggregate level. The total capital at risk value
is EUR 8.75 million, around RON 37.1 million. The value is smaller than the level
previously determined using BIA and SA (by 32.23% and 38.25%, respectively) which
seems to validate the higher accuracy implied by the LDA.

An illustration of the Monte-Carlo simulation process is presented in Figure 2 for the
group OLEGBBL5 - the loss frequency multiplied by the loss size determines the loss
value distribution.

OLE2BL8

Histogram of the two series QQ plot for the two distributions

Romanian Journal of Economic Forecasting — 3/2011 115




I Institute for Economic Forecasting

(OLE2BLS8 and the theoretical distribution) (empirical and theoretical distribution -
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Source: Authors’ calculations.

For robustness check we have decomposed the composite group (formed by
combining the series with very few observations — named OLEcBLc_ext) into two
subgroups that have been modeled this time separately (one group named OLE2BL7
and the other group composed by business line/event types: OLE1BL8, OLE3BLSG,
OLE6BL2, OLE6BL3, OLE6BL6, OLE6BL7 and OLE7BL7 — named OLEcBLc).

Figure 2
Determining the aggregated loss value distribution for OLE6BLS5
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loss value OLE6BL5
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Source: Authors’ calculations.

d. Conclusions

In the paper we applied the methodologies proposed by Basel Committee on Banking
Supervision for assessing the capital requirements in the context of operational risk to a
Romanian commercial bank. Therefore, we tested all the approaches for a credit insti-
tution in Romania. Even considering the worst case scenario by using the distributions
corresponding to the highest capital requirements, the total capital at risk indicated by
the Monte Carlo process described above is EUR 10.26 million (RON 43.5 million) —
determining a capital economy of 20.5% and 27.6% versus BIA and SA respectively.
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