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Abstract

In sophisticated market environments, banks witficgerfit liquidity can normally hedge against
market volatility. The resulting net effective ogmsition determines the amount of the portfoliat th
remains exposed to market risk, which Value at Risk measure. In contrast with traditional risk
measures, VaR provides an aggregate view of a pioftfaisk that accounts for advantage, correla-
tions, and current positions. As a result, it iglyra forward-looking risk measure that applies not
only to derivatives but also to all financial ingtments. Furthermore, the methodology can also be
broadened from market risk to other types of finandsk, using Delta-Normal Method, Historical
Simulation, or Monte Carlo Simulation.
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Value at Risk is the methodology used to estimagéenbarket risk to which a bank is
exposed, and also for determining, the banks’ mimmeapital required to cover this risk. It
measures the maximum loss likely to be lost in @fpi®o in a given period, and for a given
confidence interval.

VaR methodology was born in 1994, when the Presidénd.P. Morgan Investment
Bank”, Dennis Weatherstone, asked employees to isubbmeport every day about the
bank’s degree of risk together with a correspondisig measure. Thus in October 1994, the
well-known department of Risk Metrics was estaldishwithin the bank, specialized in the
risk study and analysis. The risk measure usedbasme known under the name of VaR.
It is currently used worldwide by many banks, inwesnt funds, brokerage firms, and non-
financial companies. Value at Risk is the finalpsie the evolution of risk management in-
struments, combining the relationship between paicé performance with the probability
of unanticipated market movements. It takes intmaat the correlations between financial
assets of the portfolio and the advantage effelsts has a dual role, both for measuring
market risk on an integrated basis, and determitiiegminimum capital required to cover
the banks' market risk. In a model based on VaR, da bank positions, prices, volatility,
and risk factors are introduced. Risks coveredhigyrhodel must include all items of inter-
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est, shares, commodities, options and foreign exgdagositions, balance sheet and off-
balance sheets.

Provisions of the Basel Il Agreement

In recognition of the increasingly large banks es¢pe to market risk, and in order to
take advantage of the discipline imposed by capé&glirements, the Basel Committee on
Banking Supervision Issues promoted the 1988 Qafgeeement, adding in January 1996
capital expenditure specific to market risk. Itludes a set of quantitative and qualitative
standards for the process of risk management teaagplied to banks using internal mod-
els. Thus, models of internal risk evaluation, ulsgdbanks, enter into a common conceptual
framework, assessing aggregate exposure to maskadfrthe entire portfolio.

The 1996 Amendment to the Basel Il has broughtddead capital margin for the market

risk, including for the bank’s trading portfoliadtling book - composed of financial instru-

ments owned for a short term to be sold, whichnaaeket marked) and for other portfolios

consisting of financial instruments, mainly creditg@nking book). To estimate the market
risk, banks may use the standard method, togethirtme internal models for determining

the VaR. Internal models are more advantageoukafge banks, as they take into account
the correlations between assets, and require a hougdr capital cost. The assessment of
market risk through the VaR method, respectingBhsel Il provisions, must meet certain

conditions:

 the daily evaluation of the market risk relatedhe interest rates and capital instru-
ments of the transactions portfolio;

« the daily assessment of the currency risk ratb@Bank's portfolio;

 use a trust level of 99% for the VaR calculation;

e use aninstant price shock equivalent to a @és®ciated movement of 10 days;

 use a historical observation period of at leastywas;

e updating of data sets at least once every 3 mamthstheir reassessment whenever
market prices change;

» recognition of empirical correlations between maijek categories such as interest
rates, exchange rates, prices of capital instrusnentl goods, including the volatility
of options in each category of risk factors

* the possibility of carrying out operations of sgasting and back-testing;

 establishing and monitoring VaR limits;

» establishing a separate capital margin to coveristeof specific interest rates and
capital instruments.

Standard capital market risk of the Basel Commitegiires that VaR be calculated
daily and capital requirements related to marksk are met daily. Capital requirements are
expressed as the maximum value of the previous d&@R and the average of daily VaR
indicators for the last 60 working days. This isritmultiplied by an additional multiplier k
(whose minimum value is 3) designated by the natisapervisory authorities according to
the quality of risk management related to the bamksed portfolio.

Thus, the margin of market risk related to momast

60
MRR = max«ﬁfl()ZVaR_l,VaR_l) + MRS, where:

i-1



188 loan TRENCA

MRS- represents the specific margin risk to eaith it the portfolio, varying accord-
ing to the sensitivity of each title to the markbbngesK was created in order to provide
additional protection to banks that are not vergray and banks operating in an unstable
market.

Building the Value at Risk Model

Value at risk measures the probable maximum lagistexed on a certain position or a
positions’ portfolio in a given period and for asgh confidence interval. The biggest advan-
tage of using this methodology is that a single bemsummarizes the bank's exposure to
several risk variables.

To determine VaR the following parameters shoulddte

Time horizorfor the risk (t): it depends on the risk factonslahe maturity of the port-
folio positions. For more accurate risk measurenwnthe established benchmark, it is
recommended the calculation of VaR on a short tiorézon; for the bank capital adequacy
in relation to market risk exposure, it is recomuohexhto use a longer interval.

Confidence probabilitfa) or percentage of risk tolerance (1¢) should reflect the
bank's aversion towards the capital cost that exitleed VaR. Greater aversion to risk, and
the cost of higher capital adequacy will lead te #stablishment of a high level of confi-
dence. It is recommended that it maintain withie thargin of 95% -99%, if not, VaR
accuracy will suffer.

Corresponding VaR confidence lewels given by the smallest number | such that the
probability of loss L to exceed | is not greatearttl -o, as follows:

VaR, =inf{l 00 :P(L>1)<1-a}=inf{l00:F (1) 2 a}
VaR is determined as the difference between thecegp value of the portfolio in the

chosen time horizon " t * with a certain probapilipp * and the lowest value of the portfolio
(given by the level), at the same time horizon aitt the same probability, as follows:

VaR=V, -V, =V,(1+R))-V,1+R)) =V,(R, - R,) . where:
V, - current market value of portfolio;
V- expected value of the portfolio on the time honiz

Vq— the lowest value that a portfolio can record €l¢wn the chosen time horizon, corre-
sponding with the confidence interval;
R, - the portfolio’s average yield on the time horizon

Rq - yield corresponding level

Value at risk graph can be represented as follows:
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The lowest value of the portfolio return at the s time horizon " t ” with a certain
probability "o " is determined from the distribution of return:

Ry
1-a=P(x<R,) = jf(x)dx.

If the cumulative distribution function is unknowand especially if it is the cumula-
tive normal distribution, then the correspondingldilevel can be determined by the
relationship:

Rq —agXxXg+ Rm
Starting from the previous relationship, VaR formid obtained assuming normal distribu-
tion:
VaR=V, -V, =V (R, - R,) =V, [R, - (@xg +R,)| =V, xaxo, where,

V- Current market value of portfolio

a - level of trust;
o- portfolio volatility

It is noted that an increase in portfolio volagilivill lead to the flattening of the yield
distribution curve, which will increase VaR. If tiperiod of detention is short, changing the
average yield will not have a significant impacttbe calculation of VaR, but if the period
of detention is high, the changes of average p@ioifity will be significant. VaR will also
increase along with the confidence levels.

VaR is a method often used, but imperfect, beintedlifficult to estimate. Sometimes
this can lead to false conclusions, because itreistienates the frequency of small return. In
addition, the indicator is very difficult to deteime for a bank with a much-diversified port-
folio of titles. Therefore, banks should alwaysttése accuracy of VaR methodology
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through stress-testing and back-testing tests,cespeif VaR is used by banks for capital
adequacy to market risks.

Alternatives to VaR

Due to limitations of VaR, various alternatives daleveloped. One of them@ondi-
tional VaR which can cause an expected portfolio loss whaR V¢ exceeded, as follows:

P(x<q)= Txf(x)/fff(x)

Conditional VaRis a superior VaR measure for quantifying markskt that can be

used successfully to optimize market portfoliodahks, regardless of whether it follows a
normal distribution law, or not. The main disadwaye of the method is that it does not al-
low the effective implementation of the back tegtinethods.
Another alternative to VaR is thdarginal VaR which may be a factor in the decision to
incorporate or not a new title in the portfoliosassing the marginal contribution of the new
title relating to the whole portfolio VaR. This &l is determined by calculating VaR sensi-
tivity value invested in the portfolio’s component

Incremental VaRepresents the VaR effect on a new transactice pibrtfolio compo-
nent is sufficiently small in relation to the paitb value, it might be considered that
marginal VaR remains constant as the value; ¢énds to 0. It is determined as the differ-
ence between VaR related to the initial portfolasition (VaRp) and the VaR related to the

new portfolio positionS\(aRp+a):

VaRncrementa :VaRp+a _VaRp

If the VaR decreases, then the new transactionradllice the risk of the portfolio, or,
on the contrary, will enhance it. Tlaecoefficient represents a change in one or more com-
ponents of the portfolio, in which it must be takimo account their aggregate effect
Difference with marginal VaR is that it can quaytd larger modification in the portfolio
composition. Although it is difficult to implemehiecause it involves a total revaluation of
the portfolio, the method successfully applies wharnew transaction involves portfolio
exposure to new risks. #is the new value that will be invested in assahd W is the pre-
sent value of the portfolio, then the risk of treanportfolio will be given by the following
relationship:

2 2 .2 2 .2
Oy =W 0, +a°0] +2WNao
To determine the size of new transactions leadinginimize the portfolio risk, the
derived of order | of the latter expression in nepdth a will be determined:

90>
Tp” = 2a07 + W0
a )
2
Equaling to zero this expression, we will obtain: _WM =-Wg Toio
2 ! 2
g g
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Value at Risk Models

VaR based models combine the potential modificatibeach position, resulting from
specific risk factors variations, with the probdéilof such variations. Value changes are
aggregated to segments level from the transacégistry, and to the level of trading mar-
kets.

VaR value can be calculated using the followinghudblogies:

» the Analytical method (co-variation- variation medhor delta-normal);
* historical simulation method;
» Monte Carlo simulation method.

Analytical methodnvolves assuming a normal distribution of poitiadecurities val-
ues yields. Profitability is considered gradualgépendent, not being influenced by the
previous day's profitability. To calculate the putal modification of current portfolio val-
ue, it is calculated the average and standard ti@viaf portfolio titles return in order to
achieve a combination of individual positions stvisy to risk factors from the co-variation
matrix, representing the risk factors volatilitydathe correlations between assets. It is one
of the most easily implemented methodologies;sb gdresents some disadvantages, because
the normal assumption on which it is based is ratheely met in practice. Most distribu-
tions actually have oblong tails (fat tails); chaesized by a large number of unforeseen
events, in which case VaR can not estimate wellaige losses. On the other hand, volatil-
ity and correlation coefficients are variable imd&, having a significant impact especially if
portfolios contain options

Historical Simulation Methodalculates the hypothetical value of a changdéncur-
rent portfolio depending on historical variatiorfstioe risk factors. The great advantage of
the method is that it makes no assumption regarttiagistribution of profitability, using
the empirical distribution obtained from analysfgpast data, while being a relatively sim-
ple calculation. Because is not dependent on assamspregarding the parameters of the
markets evolution, this methodology can be adapdelgptokurtic, asymmetric and other
abnormal distributions. The disadvantage of thehoebties in the fact that it predicts the fu-
ture development based on past data, which coatiltie inaccurate forecasts if the trend of
the past no longer complies, or if the portfoli@oges.

In the case oBimulation Monte Carlo Methodhe distribution of portfolio return is
obtained by generating different scenarios foratwesidered risk factors, and calculating the
portfolio value in these circumstances. The metbdtéxible and can be applied to all types
of portfolios, but requires a larger power of cétion and the careful choice of evaluation
models for portfolio’s financial assets.

If a large enough number of possible profit or lgakues recorded by the portfolio is
simulated, then it can build a probability densijgnerating the VaR based on the lowest
percentile of the distribution. The first step aschoose a stochastic model for the behavior
of prices, one of the most frequently used beirgggémometric Brownian motionThis im-
plies that prices of financial assets are not ¢ated over time, the variant decreasing as the
time increases. The change of the value of pootfadisets may be described as follows:

dS = 1, Sdt+0,Sdw, where

St is the value of financial assefs;is the expected yield per unit of timst;is the fi-
nancial asset volatility;
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1
DW is a Wiener process, which can be writtedas= @(dt) 2, whereg is a random

variable with a standard normal distribution.

Instant return of financial assets varies dependimghe trenditdt and the random va-
riable ut, in practice the discrete model being used. THust is the frequency with which
the asset return is measured, a&lis change in price in the time intervd) then we have:

AStS = ubt+ o gt

Thus, the financial assets yield is consideredateha normal distribution with average
M, At and standard deviation. Value at risk of the mdidftitles will then determine the
distribution of action price at the time T (S (T)).

Testing model accuracy

The Basel Committee recommends that banks useambgtiborous stress-testing pro-
grams to identify events that could have a negatiygact on the bank’s capital position.
Stress tests should have both a qualitative andaatijative nature. Quantitative criteria
should identify plausible stress scenarios thathinggise in the market. Quality criteria aim
assessing the Bank's ability to absorb big lossed,the measures the bank can take to re-
duce risk. Stress-testing methodology involves issteps:

 review information on the actual highest lossesmed during a given period, com-
pared with the estimated losses from the banlkesnat risk assessment;

« simulation of extreme stress scenarios, by incaiag both the large price variations,
and large reductions in the level of liquidity tlaae associated with these events;

« evaluate the degree of banks exposure sensitiwitihdrket risk from changing as-
sumptions on volatility and correlations;

» resumption of bank’s specific stress scenarios¢lvburprise the characteristics of the
trading portfolio of a bank in the most adverseditions.

In addition, banks are recommended also to use testig, which is based on testing
a sample of data from 250 days ago until the dawbich VaR is calculated. Through it,
they are trying to determine how often and by wéatount the VaR limit has been ex-
ceeded. Banks can use two approaches:

the binary loss function approach-which helps detee the factor k for capital ade-
quacy. The test can be described as follows:

_ |1, pierderea <VaR
P {0, pierdereq =VaR
The test result is:

» the maximum number of exceedances of the VaR aoriadn of 250 days supported
by the Basel Committee is 4, if not, the model usethe calculation of VaR is not
suitable.

» the quadratic loss function approaehs used to compare different VaR models, and
consists in the following test, where P is the fodid loss :

T 1+ (AP, -VaR)?,AP, <VaR
' |0,AP 2VaR



The Use in Banks of Value at Risk Method in MarketkRlanagement 193

The test result ip - Z T

Applying the methodology of VaR on the BCR portfotate using the analytical me-
thod
In the analysis of exposure to currency risk, B&GRsuVaR methodology, being identified
long and short positions held by each bank on dstfgio of foreign currency. On
28.12.2007, the Bank had the following currencucttire of the portfolio, consisting of ten
currencies:

Table no. 1. Currencies Portfolio held by the bank

Currency | Current position Exchange rate (28.12.2007Mong Position Short Position|
AUD 11361,123 2,15370 24468,450
CAD -71545,175 2,50800 179435,300

CHF 18754,944 2,17440 40780,750
DKK -16848,069 0,48410 8156,15(

EUR 15543338,8743 3,61020 56114562,00D
GBP -39871,189 4,90950 195747,600

HUF 57236,140 1,42500 81561,500
JPY -112415,924 2,17660 244684,500 |
NOK 72082,634 0,45260 32624,600
UsD 3132861,505 2,45640 7695561,000

In the next step, it has been taken into accounexthange rates of ten of the portfolio
currencies over a period of 225 days (from 03.0072@ 28.12.2007), calculating continu-
ously their daily return, through the logarithmietimod, and the volatility, through average
square deviation. The data obtained are summairzig following table:

Table no. 2. Daily Return and Volatility

Currency AUD CAD CHF DKK EUR

Average 0,00025 0,0006[1 -0,00003 0,00008 0,00007

Deviation 0,00588 0,00629 0,00520 0,00376 0,00B876
Currency GBP HUF JPY NOK USsSD
Average -0,00007 0,00008 -0,00007 0,00031 -0,00040
Deviation 0,00430 0,00408 0,00864 0,00441 0,00671

Daily evolution of the portfolio return rate is gtacally represented as follows:
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The next step is to determine correlation coeffitsebetween portfolio currencies and
the construction of the correlation coefficientstrixacorresponding to all currencies of the
portfolio. Calculation of correlation coefficientsrepresented in the following formula:

a.

— iy
o=
g, XU'J-

g :|:i(R,t -R)X(R,, —F\’j)}/T—li i=1n, j=1n

Table no. 3. The matrix of correlation coefficients

AUD | CAD | CHF | DKK | EUR | GBP | HUF| JPY| NOK USD
AUD [1,000000,452640,022930,250630,2531(0,3311(0,34712-0,10810,313080,18837
CAD [0,452641,000000,389490,569030,565140,505120,330490,349100,453930,6276§
CHF ]0,0229%,389491,000000,883760,885420,5666%90,031840,874600,526830,7092(
DKK |0,250630,569030,883761,000000,998890,723230,255840,765160,6928%0,81467
EUR |0,2531(0,565140,885420,998891,000000,721440,258290,765580,6946%0,81283
GBP [0,3311(0,505120,566690,723230,721441,000000,2650%0,5299%0,53899%0,71387
HUF ]0,3471%0,330490,031840,255840,258290,265051,00000-0,09400,329010,113641
JPY |-0,10810,349100,874600,765160,765580,5299%-0,09401,000000,401130,77237
NOK |0,313080,453930,526830,69285%0,694690,538990,329010,401131,000000,50857%
USD ]0,18831,627680,709200,814670,812830,713820,113620,772370,508571,0000(

In determining the probability with which to calaté the maximum loss related to the
bank’s portfolio, it is used a confidence coeffitie = 2.33 corresponding to a probability
of 99%, which is also the recommendation and BNRcalzulate the daily VaR, corre-
sponding to each currency in the portfolio, thiéofeing relationship will be used:

VaR = —\/i’0 xqxg;, where:

Vi,o' represents the current market value of the bag®sure in each currency portfolio

on 29.12.2007;
0, - volatility of each currency in the portfolio
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The previous formula will determine the maximum gibke losses related to foreign
currencies in each portfolio.
Daily maximum possible losses:

Currency Volatility Net Position Daily VaR (99%)
AUD 0,0059 -24468,450( 335,1354
CAD 0,0063 179435,3000 -2627,67%2
CHF 0,0052 -40780,7500 493,9318
DKK 0,0038 8156,150Q -71,378p
EUR 0,0038 -56114562,0000 492018,0301
GBP 0,0043 195747,6000 -1963,1482
HUF 0,0041 -81561,5000 776,0326
JPY 0,0086 244684,5000 -4923,4445
NOK 0,0044 -32624,6000 335,0248
USD 0,0057 -7695561,000b 102352,0702

It is noted from the table that the largest possiddily loss (492018.0301 billion) may
be caused by holding a short position in EUR, whigts followed by holding a short posi-
tion on USD; the maximum possible loss that coeltbrd in this case is 102352.0702. The
maximum possible loss if the currency would be uredated would be the amount of losses
for each individual currency, recording a value586,724.58 lei. Because currencies are
correlated, it is necessary to calculate the d@dir indicator for the currency portfolio of
the bank, taking into account the correlation betwthe currencies presented in the matrix
of correlation coefficients, as follows:

VaR; = > VaR »aR x p,
i=1 j=1
Pu P - P VaR

V
Var_ﬁf :(\/aR_ VaRZ VaR])x :021 p22 p2n x aRZ

pnl pn2 pnn VaR1
It is obtained a value of VaR indicator correspoidio the currency portfolio, for a
day, of 112315.7089 lei. To determine the maximwssible loss that can be recorded on a
horizon of 10 days (h), the following formula wile applied:

VaR, , =VaR, CWh

achieving a value of 355173.4571 lei. It is notedt ttalculated VaR, taking account of cor-
relations between currencies, is lower than the \faRulated by individual aggregating
VaR indicators for each currency separately.

The data obtained can be summarized as follows:

VaR for 1 day 112.315,7089 lei
Probability 99%

Level of confidence 2,33

Time horizon 10 days

VaR for 10 days 355.173,4571 lei.
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Conclusions

Value at risk is the most used method of quantgfyihe market risk, being also a
measure for determining minimum capital limit regdi for banks to cover the exposed
market risk. This limit is prescribed by the BaBghrough a set of quantitative and qualita-
tive requirements. Estimating the maximum loss dinancial instruments portfolio, this
method involves the arbitrary choice of two pararettime horizon and rate of risk toler-
ance.

Because it measures with a certain error, theaiglosure, as of the confidence per-
centage and used simplifications, various alteveatito VaR have developed: Conditional
VaR, Marginal VaR and VaR Incremental. In practidtere are used several methods for
determining the indicator, the best-known are: petaic method, the historical simulation
and Monte Carlo simulation method. In choosing ohthe methods, it must be taken into
account the accuracy and speed of each model. Baramethod is simple, but is based on
the assumption of normality. Historical method &sity implemented, but does not accu-
rately capture the risk of future events. The mustverful of them is the Monte Carlo
simulation, which requires a power calculation nueas
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