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MARKET RISK OF THE WESTERN BALKANS COUNTRIES
DURING THE GLOBAL FINANCIAL CRISIS

Abstract. In this paper, we examine the performance of Value at Risk as a risk measure based at ARMA-GJR GARCH model
across emerging countries of Western Balkans by utilizing the unconditional and conditional tests of Kupiec and Christoffersen. In
particular, the purpose of the paper is to investigate whether asymmetric GJR GARCH model is appropriate in evaluation of VaR in
emerging stock markets of the Western Balkans. Daily returns of stock market indices are analyzed for the period before and dur-
ing the global financial crisis. The motivation for this research is in the fact that such data structure and time dimension of the sam-
ple has not been used in empirical literature so far. Results of ARMA-GARCH GJR modeling show decoupling of Slovenian and
Croatian financial markets, on one side, and the rest of the countries of the Western Balkans, on the other side, in terms of asym-
metry effect on market risk during the global financial crisis. Our back testing results reveal no evidence of the decoupling of coun-
tries in terms of the appropriateness of VaR during the global financial crisis.

Keywords: Value at Risk; ARMA-GJR GARCH model; back testing; Kupiec test; Christoffersen test; decoupling; the Western
Balkans.
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PUHKOBUU PU3UK KPAIH 3AXIOAHUX BAJIKAH B YMOBAX CBITOBOI ®IHAHCOBOI KPU3U

AHoTauiA. Y uin ctaTTi Ha ocHoBi mogeni ARMA-GJR GARCH (aBToperpecrBHe KOB3He cepefHe 3 YMOBHOK Aucrepcieto Ta
reHepanisoBaHa aBTOperpec1MBHa yMOBHa reTepoCKeAacTUYHICTb) Po3rnAafaeTbeA BapTicHa Mipa puauky (Value at Risk — VaR) y
KpaiHax, Wo po3suBatoTbeA, 3axigHux bankaH. MNpu ubomy BrKopuctoByBanucA 6e3ymMoBHi 1 ymoBHI TecTn Kyneusa (Kupiec) i
Kpuctothdepcera (Christoffersen). MeToto poboTu, 3oKkpema, € AOCNIAXKEHHA MOXIIMBOCTI 3aCTOCYBaHHA aCUMETPUYHOI MoAeni
GJR GARCH anAa ouiHku BapTiCHOI Mipn pusnKy npu chopmyBaHHi (hoHO0BMX PUHKIB y KpaiHax 3axigHux bankaH. ABTopamu
npoaHani3oBaHi LWoAeHHI KoiMBaHHA BipXKOBMX iIHAEKCIB AK A0, TaK i Mig Yac cBiTOBOI (hiHaHCOBOI Kpman. MoTuBauieto AnA Lboro
[ocnioKeHHA cTaB hakT, WO B TakoMy po3pi3i BKasaHa npobnema B eMmnipuyHiin nitepatypi fotenep He posrnAaganacA.
Pesynetatn ARMA-GARCH GJR MopentoBaHHA MNOKa3ylTb MNPUNWHEHHA KOpenAuiiHMX 3B’A3KIB (AeKanmiHr) Mix
CMOBEHCBLKNMM | XOPBaTCbKMU (DIHAHCOBUMU PUHKaMU — 3 OAHOrO BOKY, Ta iHWMMK KpaiHamn 3axigHnx bankaH — 3 gpyroro
60Ky, 3 nornAgy edekTy acumeTpii PUHKOBUX PU3MKIB Mif Yac CBITOBOI iHaHCOBOI Kpu3n. BoaHodac, pesynbTaT Haworo
TECTYBaHHA He BMABMAIOTb HIAKOro CBiAYEHHA NPUMUHEHHA KOPEeNAUiHNX 3B’A3KIB KpaiH 3 nornaay AouinbHocTi VaR B ymoBax
CBITOBOI (hiHAHCOBOI KPN3Wu.

Kniouosi cnoBa: VaR; ARMA-GJR GARCH wmogenb; TecTyBaHHsA; TecT Kyneua; Tect KpuctoddepceHa; aexkanniHr; 3axiaHi
BankaHw.
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PbIHOYHbIU PUCK ANA CTPAH 3AMNAAHbIX BAJIKAH B YCJIOBUAX MMPOBOIO ®UUHAHCOBOI'O KPU3UCA
AHHOTauuA. B aton ctatbe Ha ocHoBe momenm ARMA-GJR GARCH (aBTOperpeccuMoHHOe CKOMb3Allee CpeaHee € YCrNOBHOMN
avcnepcuen n reHepanuanpoBaHHaA aBTOpPerpecCMoHHan yCNoBHaA reTepocKeacTUYHOCTb) paccMaTpuBaeTcA CTOMMOCTHAA
mepa pucka (Value at Risk — VaR) B passuBatowmxca ctpaHax 3anaaHeix bankaH. Mpu 3ToM ncnonb3oBanuck 6e3ycrnoBHble U
ycnoBHble TecTbl Kyneua (Kupiec) n KpuctoddpepceHa (Christoffersen). Liensto paboTbl, B 4aCTHOCTW, ABNAETCA UCCNefoBaHne
BO3MOXXHOCTW NpuMeHeHnA acummeTpryHon mogeny GJR GARCH onA oueHKM CTOMMOCTHOW Mepbl pucka npu hopMmmpoBaHnm
(hOHOOBbLIX PbIHKOB B CTpaHax 3anafHbix bankaH. ABTopamu npoaHanMavpoBaHbl eXeAHEBHble KonebaHuA 6upXKeBbIX
WHOEKCOB Kak [0, Tak U BO Bpemsa MUPOBOro (hMHaHCOBOro Kpuauca. MoTuBaumen AnA OaHHOrO MCCNenoBaHWA MOCMAYXWUi
(haKT, 4TO B TAaKOM paspese AaHHaA npobnema A0 CUx Nop B SMMUPUHECKOWN NUTepaType He paccMmaTpvBanack. PesynbTathl
ARMA-GARCH GJR mMoaennpoBaH/A NOKasbIBalOT NpeKpalleHne KOppenALMOHHbIX CBA3EW (AeKanvHr) Mexay COBEHCKUMU
1 XOPBATCKUMU (OMHAHCOBBIMM PbIHKaMW — C OAHOW CTOPOHbI, M OCTanbHbIMK cTpaHaMu 3anagHbix bankaH — ¢ Apyrovi CTOPOHbI,
C TOYKM 3peHnA apdeKkTa aCMMMETPUN PbIHOYHBIX PUCKOB BO BPEMA MUPOBOro (hmHaHCOBOro Kpuanuca. B Toxe Bpems, Hawm
pesynbTaTbl TECTUPOBAHNA He 0BGHAPYXXMBAKOT HUKAKNX CBUAETENbCTB NPEKPaLLEeHNA KOPPENALMOHHBIX CBA3EN CTPaH C TOYKM
3peHunnA LenecoobpasHocTy VaR B ycnosunax MMpoBoro omHaHCcoBOro Kpusmca.

KntoueBble cnoBa: VaR; ARMA-GJR GARCH wmopenb; TectupoBanue; Tect Kyneua; Tect KpuctoddpbepceHa; aekannuHr;
3anapHble bankaHbl.
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Introduction. The growing interest of foreign financial
investors to invest in emerging financial markets highlights the
importance of accurate market risk quantification and predic-
tion. Fundamental difference between emerging and developed
markets is reflected in lower liquidity, frequent internal and
external shocks as well as higher degree of insider trading
which causes the market to be more volatile (Miletic & Miletic,
2013) [1].

During the global financial turmoil risk management is gain-
ing importance in economics. Methodology used for the
assessment of financial markets participants’ rate of exposition
to risk, gives the estimation of value at risk. Value at Risk (VaR)
is the maximum loss of financial position over a given time pe-
riod at a given confidence interval.

Purpose of this paper is to use asymmetric GARCH GJR
model (Glosten, Jagannathan, & Runkle, 1993) [2] in evaluating
Value at Risk in the stock exchanges of countries of the Western
Balkans over long period that includes years of financial crisis.
The stock exchanges in the region of the Western Balkans expe-
rienced an above-average drop in 2008, according to world indi-
cators. The signs of the recession were evident through the hal-
ving of the main stock exchange indices in 2007-2008, almost in
the same way in all countries of the region. Market capitalization
reduced by 50% on average, somewhat less in the case of
Serbia. Losses in stock exchanges in the region were large.

Countries of the western Balkans are Croatia (now an EU
Member), Serbia, Bosnia and Herzegovina, Montenegro,
Macedonia and Albania. The stock exchange of Albania is still
nonexistent, so it was excluded from this analysis. Also, histori-
cal data of Macedonian stock exchange index are not available
on the official Macedonian stock exchange web site, so we
decided to analyze stock indices of four countries of the west-
ern Balkans (Croatia, Serbia, Bosnia and Herzegovina and
Montenegro) and to compare relative performance of econo-
metric VaR modeling of these countries with Slovenian case.
The reason for this is that Slovenia (EU member) was a part of
former Yugoslavia together with Macedonia and aforementioned
four countries, so it is intended to analyze whether there is
decoupling of VaR measuring between Slovenia on one side,
and the rest of analyzed countries on the other side.

In particular, we compare the performance of the VaR using
both the unconditional and conditional tests of Kupiec and
Christoffersen (Kupiec, 1995) [3] in the countries of the Western
Balkans, and investigate possible decoupling of the market risk
among them. To the best of our knowledge, empirical study with
these data and this time frame has not yet been discussed in
empirical literature. Similar studies mentioned in the literature
review didn’t focus on these five countries and their main limita-
tion is that shorter period of the crisis was included. So, our
study contributes to the current literature by providing evidence
of possible decoupling from the perspective of VaR of countries
from the former Yugoslavia.

The paper is organized as follows. A literature review is pre-
sented in the next section. The third section reviews the metho-
dology used for modeling market returns and volatility - ARMA-
GJR GARCH model. Also, the backtesting procedure is
presented. Data and empirical results are presented in fourth
section. Finally, conclusions are presented in the fifth section.

Brief Literature Review. Despite the extensive literature
and empirical research of estimation of VaR models in the
developed financial markets, literature dealing with VaR calcu-
lation in emerging financial market is very limited. Such
researches conducted Da Silva, Beatriz, and de Melo Mendes
(2003) [4], Gencay & Selcuk (2004) [5], Bao, Lee, and Saltoglu
(2006) [6], Zikovic (2007) [7], Zikovic and Aktan (2009) [8],
Zikovic and Filler (2009) [9], Andjelic, Djakovic, and Radisic
(2010) [10], Nikolic-Djoric and Djoric (2011) [11], Mladenovic,
Miletic, and Miletic (2012) [12], Bucevska (2012) [13]. The main
reason for that was the short historical time-series data (most of
the stock markets in these countries were established in the
early 1990s) which did not allow performing a reliable econo-
metric analysis (Bucevska, 2012) [13].

Andijelic, Djakovic, and Radisic (2010) [10] observed Slove-
nian, Croatian, Serbian and Hungarian markets and concluded
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that under stable market conditions, the analyzed models give
good forecasts of VaR estimations with 5% level of significance,
while under the conditions of market volatility analyzed models
give good estimations of VaR parameters with 1% level of sig-
nificance. Nikolic-Djoric and Djoric (2011) [11] observed the
movement of stock-exchange index in Serbian financial market
and concluded that GARCH models combined with extreme
value theory decrease the mean value of VaR, and that these
models are better than RiskMetrics method and IGARCH
model. Also, Mladenovic, Miletic, and Miletic (2012) [12] came
to conclusion that the methodology of extreme value theory is
slightly better than GARCH model regarding the calculation of
VaR, based on analysis of stock-exchange indices in Central
and Eastern European countries (Bulgaria, Czech Republic,
Hungary, Croatia, Romania and Serbia), but general suggestion
is to use both approaches for better market risk measuring.
Bucevska (2012) [13] showed that the econometric estimation
of VaR is related to the chosen GARCH model. The most ade-
quate GARCH family models for estimating volatility in the
Macedonian stock market are the asymmetric EGARCH model
with Student’s t-distribution, the EGARCH model with normal
distribution and the GARCH-GJR model. Koksal and Orhan
(2013) [14] compared the performance of VaR across a large
sample of developed and emerging countries during the global
financial crisis. The results showed that VaR performed much
more poorly when measuring the risk of developed countries,
than of emerging ones, possibly because of the deeper initial
impact of the global financial crisis on developed countries. The
results also evidenced the decoupling of the market risk of
emerging and developed countries during the global financial
crisis.

Methodology. Let us assume that we want to determine
the level of risk of portfolio value V, over the period /t,i+h]. We
mark the random variable of portfolio 08s: L., = —{¥,., -V, )= AV (k).
Cumulative function of loss distribution is marked as F,, where
F,(x)=P(L<x)_ In this case, VaR at the level of S|gn|f|cance
a (a<(0,1)- most often 0=0.01 or «=0.05, i.e. 1% and 5%)
is actually a-quintile of distribution function F, and represents
the smallest real number satisfying the equatlon rxzea,i.e.:

VaR,, = inf(x|FL (%) 2 a). (1)

The econometric approach to VaR calculation considers the
use of the time series econometric models. Autoregressive
moving-average model (ARMA) of orders p and ¢, ARMA (p, g),
is used for estimating a log return series, marked as 7

P q

n=¢+ Z¢irr—i +a, - Z e_/at—J )
i=1 J=1

a, =0,

Parameters of equation (2) representing autoregressive
moving-average model (ARMA) of orders p and ¢, ARMA (p, g),
are marked as ¢,.4,,--..4,,6,,...0, . The random member of the
model, 4, is the function of g - series of independent and iden-
tically distributed random variables having a normal or «distrib-
ution with zero mean and variance equal to 1.

GARCH model that Bollerslev (1986) [15] proposed as a
generalization of autoregressive conditional heteroscedasticity
model - ARCH (Engle, 1982) [16], is used for modeling volatil-
ity. GJR GARCH model was introduced in 1993 (Glosten,
Jagannathan, & Runkle, 1993) [2] and it provides an asymmet-
ric approach in volatility modeling. It considers positive and
negative shocks not to have the same effect on volatility. In
general form it is given by'

O- _w+za' ”+Zﬂjo-t—j+ylll —i t —i? (3)

where «a, /7’, y are constant parameters, and [ is the indicator
function that takes the value zero when ¢, is positive, and one
when ¢, is negative. So, this dummy variable distinguishes po-
sitive and negative shocks, and the asymmetric effects are
captured by 7. Thus, positive innovations have an impact of «,
while negative innovations have an impact of a +y.
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If the series ¢, is a random variable with standardized nor-
mal distribution, the conditional distribution of random variable
7,., for available data with the moment % inclusive, also has a
normal distribution with mean 7,() and variance &;(1). Then,

5%-quantile of conditional distribution, representing the estima-
tion of VaR at 95% confidence level and for forecast horizon 1
step ahead, is computed as:

7, 1) +1,656, (). (4)

If random variable ¢ has Student’s ¢ distribution, with v
degrees of freedom, then the 5%-quantile of conditional distrib-
ution is computed as follows:

t,(-p) .
7 (M) +-t=—=127,(), (5)

v-2

where ¢,(1-p) is the corresponding critical value of (1-p)
quantile from ¢ distribution with v degrees of freedom.

When a VaR model is estimated it is important to check its
reliability and accuracy. Statistical procedure for examining the
appropriate estimation of VaR is called backtesting. The aim of
backtesting is to estimate if the amount of losses predicted by
VaR is correct. That process implements the unconditional or
conditional coverage tests for the correct number of violations.

(a) The unconditional test — Kupiec test

Let N be the observed number of violations in the sample
over a T period of time when the portfolio loss was larger than
VaR estimate (Angelidis, Benos, & Degiannakis, 2004) [17].The
failure number follows a binomial distribution where the expec-
ted exception frequency is p=N/T. The ratio of failures, N, to
the trials, 7, under the Null hypothesis should be p. The appro-
priate likelihood ratio statistic is

)TN( “INI=2M[(1-p)"" p"]. (6)

The Kupiec test has a chl-square distribution, asymptotical-
ly, with one degree of freedom. This test can reject a model for
both high and low failures but, as stated by Kupiec (Kupiec,
1995) [3], so conditional coverage tests can be used for further
examining of VaR model reliability, such as Christoffersen test.

(b) Christoffersen test

The conditional coverage test under the Christoffersen
approach detects whether the exceptions occur in clusters or
not. A new indicator building on the exception indicator above is
calculated which defines », to be the amount of days that j
(exception) occurred when it was i (no exception) the day before.
The probability of state j being observed given that state i was
observed the previous day is noted by =; (Jorion, 2007) [18].
The test statistic testing independence is (Dowd, 2005) [19]:

LR, =2In[(1-

LR, =2In[(1- p)" " p"1+2In[(A-7,)"™ o, A= 7z, )" z,,"' ], (7)

where the corresponding probabilities are 7; =
so 7y, is the probability of a non-exception
being followed by an exception, and #;; is

5
Zjnif
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Data and empirical results. We collected data from five
indices: CROBEX (Croatian), BELEX15 (Serbian), SASX-10
(Bosnian), MONEX20 (Montenegrin) and SBITOP (Slovenian),
in order to cover the most representative stocks of each econo-
my. Log daily returns of indices represent the difference
between logarithmic levels of prices in two successive days.
The data are collected from each the official stock exchange
web site'. Time series of observed log returns of stock index
CROBEX on daily basis consists of 2693 data in total (from 3
May 2004 to 28" November 2014); there are 2077 data of
observed log returns of stock index BELEX15 (from 5% October
2005 to 315! December 2013), 2203 data of SASX-10 (from 8t
February 2006 to 28" November 2014), 2508 data of
MONEX20 (from 5 January 2004 to 21t February 2014), and
1141 data of SBITOP (from 3 April 2006 to 17" December
2014). Basic descriptive statistics of data are shown in Table 1,
with corresponding p-values in parenthesis.

Significant kurtosis and Jarque-Bera test-statistics (JB)
show fat-tail nature of observed logarithmic return series.
Further, it is evident that empirical distributions deviate from nor-
mal distribution, as Q-Q plots (Figure 1 and Figure 2) show.
Namely, the quantiles of empirical distributions are plotted
against the quantiles of a normal distribution. Jarque-Bera (JB)
normality test shows that the hypothesis of normality of returns
can be rejected even when the level of significance is 1%.

Box-Ljung test-statistic is next in Table 1. Null hypothesis in
this test implies that the first m autocorrelation coefficients of
residuals are zero and it is rejected here. Value m is chosen in
several ways and in practice the best form is m~In(T) where T
is the number of data of the observed variable (Tsay, 2010) [20].
In our case, for m this value is 8. To determine the existence of
time-changing variability, the same Box-Ljung test-statistic is
used, but for squared residual series (Tsay, 2010) [20].

After analysis of the data, we estimated model GJR
GARCH(1,1) with Student’s tdistribution for volatility move-
ment. The appropriate model for modeling logarithmic return
series is ARMA(1,1) for all stock indices, except SASX-10,
which data are best fit to ARMA(0,1) and SBITOP which are
best fit to ARMA(1,0). The estimated parameters with p-values
are given in Table 2.

The coefficient y is statistically significant at level of signif-
icance of 2% in the case of SBITOP and 8% in the case of
CROBEX. So it indicates there is asymmetry effect on these
two financial markets, that are best developed among analyzed
markets, and its positive value implies presence of «the lever-
age effect». The same coefficient is not statistically significant
for the rest of indices, so it clearly reveals decoupling here of
Slovenian and Croatian financial markets, on one side, and the
rest of the countries of the western Balkans, on the other side,
in terms of asymmetry effect on market risk during the global
financial crisis.

Our backtesting and forecasting methodology is
such that we analyze the following approach of a slid-
ing window of approximately four years’ daily returns
data. In the estimation of parameters of model, as the daily

the probability of an exception being fol- . A - . AT
| oweg by an e{(ception The Fa)lbsolute pgroba- Tab. 1: Basic descriptive statistics of five stock exchange indices
bility of a non-exception or exception being Statistic CROBEX BELEX15 SASX-10 MONEX20 SBITOP
followed by exception is denoted by p. The N 2693 2077 2203 2508 2173
test statistic is distributed as 2 with two Mean 0.000157 -0.00028 -0.000371 0.086433 -0.000131
degrees of freedom. St. deviation | 0.012754 0.014634 0.013492 1.693898 0.012278
These two LR tests can be combined Skewness 0.042591 0.150709 0.157725 0.686277 -0.432675
. ’ Kurtosis 15.688 12.192882 7.514655 6.536753 6.448707
thereby creating a complete test for cover- B 27665.8704 | 12904.6251 | 5205.8126 4672.7013 3843.3126
age and independence which also is distri- (<2.2¢-16) (<2.2e-16) (<2.2e-16) (<2.2e-16) (<2.2e-16)
buted as x” (2): Box-Ljung 75.1649 280.6493 269.9217 219.6358 66.1602
(4.572e-13) (<2.2e-16) (<2.2e-16) (<2.2e-16) (2.844e-11)
LR =LR +LR. . Box-Ljung 1609.696 709.8107 1345.778 1003.793 1080.834
< ue ind (8) (az) ((<2.2e-16) (<2.2e-16) (<2.2e-16) (<2.2e-16) (<2.2e-16)
1

This is the Christoffersen approach to
check the predictive ability and accuracy of a
VaR model. Altogether, these tests provide the necessary tools
to evaluate and compare the VaR models mentioned above.
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Source: Authors' calculation

1 Historical data of Slovenian stock exchange index SBITOP are not
available online, but upon request.
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Tab. 2: The estimated parameters of ARMA(1,1)-GJR GARCH(1,1) models
for CROBEX, BELEX15 and MONEX20, ARMA(0,1)-GJR GARCH(1,1)
for SASX-10, and ARMA(1,0)-GJR GARCH(1,1) model for SBITOP

Parameter CROBEX BELEX15 SASX-10 MONEX20 SBITOP
arl 0.923818 (0) | 0.651395 (0) | - 0.940526 (0) | 0.191074 (0)
mal -0.883124 (0) | -0.441623 (0) | 0.145206 (0) | -0.876555 (0) | -
omega 0.000001 0.000007 0.000006 0.000014 0.000009
(0.001861) (0.000474) (0.023123) (0.000014) (0.000007)
alphai 0.078996 (0) | 0.289878 (0) | 0.216002 0.325224 (0) | 0.169414
(0.000163) (0.000001)
betal 0.902083 (0) | 0.708096 (0) | 0.790971 (0) | 0.709950 (0) | 0.719056 (0)
gammal 0.031496 -0.013738 -0.015746 -0.071228 0.100782
(0.074718) (0.781524) (0.671778) (0.146870) (0.010741)

Source: Authors' calculation
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returns of the following day were
added, the oldest daily returns were
cast out from the observed window.
This sliding window has 1000 days as
a basis for model estimation. For
example, with a window size of 1000,
the window is placed between the 1st
and the 1000th data points, the model
is estimated, and the return forecast is
obtained for the 1001st day at different
quantiles. Next, the window is moved
one day ahead to the 2nd and 1001st
data points to obtain a forecast of the
1002nd day return with updated para-
meters from this new sample.
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In case of no-convergence in some of all the windows, there
is mark NA (not applicable, due to insufficient number of con-
vergences). Non-convergence here (all empirical results
expressed in this paper are calculated using R program pa-
ckage) implies both a failure of the solver to converge to a solu-
tion (global failure), or a failure to invert the resulting Hessian
(local failure). For example, backtesting CROBEX resulted in
insufficient number of convergences, so the backtesting of VaR
was not possible with this rolling window size.

Table 3 reports the results from the Kupiec and the
Christoffersen test for all five countries. Namely, there are test
statistics for these two tests, for 1% and 5% significance levels,
as well as the proportion of violation. The ideal situation would
be with the proportion of violations approximately 0.05, and 0.01
for VaR at 95% and 99% confidence levels, respectively.
Surprisingly, that is just the case. VaR, based on ARMA-GJR
GARCH model, was a good measure of risk for all five countries
of the Western Balkans. The critical values for the Kupiec test
for 1% and 5% significance levels of the chi-square distribution
with 1 degree of freedom are 6.64, and 3.84, respectively, so
the null hypothesis wasn'’t rejected at both significance levels
for five stock indices. In the case of the Christoffersen test, the
critical values for 1% and 5% significance levels of the chi-
square distribution with 2 degrees of freedom are 9.21, and
5.99, respectively, and the test results show the appropriate-
ness of VaR for all 5 indices (in the case the test performance
was applicable).
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