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Abstract

Value-at-Risk (VaR) is the most popular methodology in risk management because it
is easy accessibility to common users. The importance of VaR is rapidly increasing because
the international agreement in banking industry, the Basel Accord, uses the VaR method-
ology extensively.

However, Bedder (1995) and Hendricks (1996) warned of limitations of the VaR approach
in risk management; the VaR methodology requires distributional assumptions for the
relevant risk factors. Moreover, the VaR estimate depends on not only the assets class
constituting portfolio, but also the model used to estimate the volatility of those assets.
In this regard, it is valuable to investigate which volatility model produces superior risk
measurement for a given portfolio.

In this study we seek to determine the best among various models in estimating 99%
VaR and 99.5% VaR for the long and short position of a portfolio in the Korean stock
market. Models are evaluated in terms of both the accuracy of probability and the in-
dependence of extreme events occurrence. We use the conditional coverage test proposed
by Christoffersen (1998) to test those properties jointly.

We compare five univariate models and three multivariate models using the hypothetical
portfolio consisting of twenty stocks whose market values rank in the top 20th in the
Korean stock market; the five univariate models are the Simple Moving Average (SMA)
model, the Exponentially Weighted Moving Average (EWMA) model, the GARCH model
with a normal distribution, the GARCH model with a ¢-distribution, and the Historical
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Simulation (HS) model. The three multivariate GARCH models are the Constant Condi-
tional Correlation (CCC) model, the Dynamic Conditional Correlation (DCC) model, and
the Orthogonal GARCH (O-GARCH) model.

We can summarize our analysis of empirical results as follows. First, we find that the
overall performances of multivariate models are better than those of univariate models
in evaluating VaR for the our hypothetical portfolio. Second, the performance of the DCC
model is better than that of the other multivariate models such as the CCC model and
the O-GARCH model. However, the CCC model as well as the DCC model passes condi-
tional coverage tests for many cases. Third, the SMA model and the HS model, the most
commonly used models in Korean financial institutes, fail to pass the tests. This means
those models are relatively less appropriate in evaluating VaR for a portfolio similar to
our portfolio with respect to the conditional coverage perspective. This might be caused
by the fact that those models fail to efficiently incorporate new information into the VaR
evaluation.

This paper is organized as follows: we review the VaR concepts, which is followed by
a review of the various methods to evaluate VaR. After that, we move to the back-testing
procedure for the model selection criteria. The empirical result of the models is presented
and discussed. Then, we summarize and conclude our research results.

This paper is different from existing studies in terms of the number of assets in the
portfolio and models. Most of prior research has used a portfolio consisting of two, three,
or at most, five stocks. However, in this paper we use a hypothetical portfolio consisting
of 20 stocks to test the performances of the multivariate models. In addition, we compare
the multivariate VaR methods with the univariate VaR methods in the literature. Especial-
ly, we apply the CCC model and the DCC model to evaluate VaR. Overall, the most distinc-
tive point of this paper is the result of this comparison, which allows us to determine
the value of conditional correlation estimation in this VaR application.

Keywords: VaR; CCC model; DCC model; O-GARCH model; Conditional coverage test
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Figure 2. Daily growth rate of the hypothetical equally-weighted portfolio

This figure shows the daily growth rates of the hypothetical equally-weighted portfolio from
15

=3 3)A A36P 5& (2008)
1991. 9. 17. to 2007. 12. 28.
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Figure 4. Histogram of the daily growth rate of stocks and portfolios

These figures show the empirical histogram of the daily growth rate of 20 stocks in hypo-
thetical portfolios as well as those portfolios from 1991. 9. 17. to 2007. 12. 28.
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ZFZ A HE7} 5 o|Ate] 23} E(excessive kurtosis)E YERAY, Jarque-Bera &7
He FE HE2AR BYJF AEEE 2] 2SS HoFa drh

Table 1. Summary of the daily growth rate of stocks and portfolios

This table shows the summary statistics of the daily growth rate of 20 stocks in hypothetical
portfolios as well as those portfolio from 1990. 1. 3. to 2007. 12. 28.

Power Co.
mean(%) 0.0778 0.0727 0.0203 0.0993 0.0380 0.0825
median(%) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
max(%) 13.9762 13.9420 13.9655 13.9762 13.9762 13.9762
min(%) -146604  -128063  -129291 -162519  -16.2119  -16.2519
std. dev.(%) 277194 2473 2.3583 27773 2.899% 29123
skewness 0.1843 0.2026 0.1350 0.1086 0.1461 0.1397
kurtosis 6.3531 6.7821 6.1017 7.6384 6.1203 5.9439
Jarque-Bera stat.| 2164.86 2752.57 1844.22 410212 1868.53 1663.61
[p-value] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000]
sample size 4,857 4,857 4,857 4,857 4,857 4,857
Samsung Hyundai
Insurance Construction
mean(%) 0.0110 0.1059 0.0369 -0.0498 0.0461 0.0581
median(%) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
max(%) 13.9762 13.9762 13.9762 139762 139762  13.9762
min(%) -16.2519  -16.0972  -16.2175 -162519 -16.2307 -16.1143
std. dev.(%) 3.1378 2.8409 3.1173 3.6677 2.9916 2.7816
skewness 0.2221 0.1362 0.2087 0.1029 0.1154 0.2518
kurtosis 6.5456 56131 6.4249 6.9088 6.2331 6.7850
Jarque-Bera stat. 2429.28 1313.16 2264.79 291479 199881  2773.86
[p-value] [0.0000] [0.0000] [0.0000] [0.0000]  [0.0000]  [0.0000]
sample size 4,857 4,857 4,857 4,857 4,857 4,857
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Engigesen'ng Hyunfiai LG Hyundai Daelirr.1 Samsgpg
and Mobis Steel Industrial =~ Securities
Construction
mean(%) 0.0613 0.0437 0.0299 0.0440 0.0556 0.0540
median(%6) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
max(%) 13.9762 13.9595 13.9541 13.9762 13.9762 13.9762
min(%) -16.2223  -161793  -16.2519 -162519 -161904  -17.6130
std. dev.(%) 3.1510 3.0738 3.1611 3.0850 3.3577 3.3252
skewness 0.2229 0.2736 -0.0903 0.2307 0.1914 0.3240
kurtosis 5.6862 6.5854 6.5462 6.0159 56502 59877
Jarque-Bera stat. 1410.61 2502.67 2398.73 1770.99 1364.12 1778.16
[p-value] [0.0000] [0.0000] [0.0000]  [0.0000]  [0.0000] [0.0000]
sample size 4,857 4,857 4,857 4,857 4,857 4,857
Daewoo Hyu.ndai qually V(tilue
Securitios Mipo *welgh‘Fed *Welght.ed
Dockyard  portfolio portfolio
mean(%) 0.0190 0.0605 0.0483 0.0357
median(%6) 0.0000 0.0000 0.0321 -0.0001
max(%) 13.9762 13.9762 9.6039 10.6153
min(%) -16.2446 -16.2349  -12.6637 -12.4408
std. dev.(%) 3.7038 29514 1.9358 2.0214
skewness 0.2498 0.2048 -0.0632 -0.0085
kurtosis 6.0297 5.1405 6.1862 6.3355
Jarque-Bera stat. 1793.80 903.62 1934.42 2116.67
[p-value] [0.00001 [0.0000] [0.0000] [0.0000]
sample size 4,857 4,857 4,857 4,857
6. +4 2%
B ATE @ fAEAAY A7E 49 DFFOR ol Fold MY TEEHQ
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x1%)3], 995% VaRel A% oF 22(= 4,358x0.5%)3]o]t}. <Figure 5> % <Figure 6>
A= Y 7t XEEYL 48 5 ae 9 A5 18 9% VaR H 99.5% VaR
< YEFHTEI) <Table 2>9} <Table 3>°ll&= Y 714 XEZZ 29 VakR &4 A7
of g HA AH}Z vhebWlal, <Table 4>} <Table 5>0ll&= A7} 7l EEZE] Q.9
VaR 574 Aol digt A4 A5 dvepirh

Figure 5. 99% VaR estimates and the growth rate of hypothetical equally—weighted

portfolio

Each figure represents the daily growth rates of hypothetical equally-weighted portfolio and
estimated 99% VaRs for each model.
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Figure 6. 99.5% VaR estimates and the growth rate of hypothetical equally-weighted

portfolio

Each figure represents the daily growth rates of hypothetical equally-weighted portfolio and

estimated 99.5% VaRs for each model.
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GYHFRYE Y gRFEY TEZFL VaR A A
AT AAS FHEIE 2o 2154 AEETAAE AY VaR 540l 4
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H CCC 2, DCC Edrto] A4 9% VaR Ao A&sirta ddeh
Table 2. Test results for the performance of estimating 99% VaR for the hypothetical
equally-weighted portfolio
# of loss Unconditional Independence Conditional
models greater coverage test test coverage test
than VaR | LR, [p-valuel | LRia [p-value] | LR. [p-valuel
SMA 76 “19.95 [0.0000] | 2518 [0.0000] | "45.13 [0.0000]
EWMA 61 “6.26 [0.0123] 0.02 [0.8762] *6.29 [0.0431]
univariate _ _
model GARCH-n 50 0.92 [0.3388] 0.27 [0.6062] 1.18 [0.5541]
1‘iflt tail GARCH-¢ 5% 2,80 [0.0945] 0.12 [0.7273] 2.92 [0.2325]
ong _ _
position) HS 52 1.55 [0.2129] 12.83 [0.0003] 14.43 [0.0007]
o Ccce 54 2.34 [0.1258] 0.15 [0.7027] 2.49 10.2830]
m“ﬁ:ggate DCC 52 155 [0.2129] 0.20 [0.6541] 1.75 [0.4164]
O-GARCH 53 1.93 [0.1649] 0.17 [0.6783] 2.10 [0.3499]
SMA 87 3391 [0.0000] | "24.18 [0.0000] | "58.09 [0.0000]
EWMA 61 “6.26 [0.0123] *3.40 [0.0651] 9.67 [0.0080]
univariate _ _ o o
model GARCH-n 52 1.55 [0.2129] 4.92 10.0266] 6.47 [0.0393]
“fhg :ﬂ GARCH-t 52 155 [0.2129] 74,92 [0.0266] 76.47 [0.0393]
SNo: . sk
position) HS 51 1.21 [0.2707] 13.24 [0.0003] 14.46 [0.0007]
o Ccce 49 0.66 [0.4176] 0.30 [0.5826] 0.96 [0.6190]
m“ﬁzggate DCC 47 0.27 [0.6061] 2,60 [0.1068] 2.87 [0.2386]
O-GARCH 56 *3.29 [0.0699] 756 [0.0060] | 71085 [0.0044]
Note: a) The null of the above all tests is that the model is appropriate for estimating VaR.
b) The figures in the bracket [ ] represent p-value.
imply the rejection the null with significance level 1%, 5% and 10%
=
o}.
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Table 3. Test results for the performance of estimating 99.5% VaR for hypothetical

equally-weighted portfolio

# of loss Unconditional Independence Conditional

models greater coverage test test coverage test

than VaR | LR, [p-value] | LRua [p-valuel | LR [p-valuel
SMA 53 *32,04 [0.0000] | 1720 [0.0000] | **49.23 [0.0000]
o EWMA 33 991 [0.0016] 090 [0.34411 | "10.81 [0.0045]
u“gigte GARCH-n 32 *"4.20 [0.0404] 1.40 [0.2362] 5,61 [0.0606]
16&5211 GARCH-t 33 9,91 [0.0016] 090 [0.3441] | 10,81 [0.0045]
position) HS 28 163 [02012] | ""11.84 [0.0006] | 1347 [0.0012]
o cce 34 587 [0.0154] 122 [027011 | 7.09 [0.0289]
m“ig;’sgate DCC 33 501 [0.0252] 131 025291 | 632 [0.0425]
O-GARCH 32 4,20 [0.0404] 1.40 [0.2362] 561 [0.0606]
SMA 55 3570 [0.00001 | 1184 [0.0006] | **47.53 [0.0000]
o EWMA %5 1898 [0.00001 | 641 [0.0113] | **25.40 [0.0000]
ungfggte GARCHn 3 “587 [0.0154] | 479 [0.0286] | 10,67 [0.0048]
ﬁilﬁ():ﬂ GARCH-¢ 3 “587 [0.0154] | 954 [0.0020] | 1541 [0.0004]
position) HS 31 346 [0.0628] | 547 [0.0193] | 893 [0.0115]
o cce 3 *6.80 [0.0091] 113 [0.2878] | “7.93 [0.0190]
muﬁ(‘)’ggate DCC 33 501 [0.0252] 131 [0.2529] | 632 [0.0425]
O-GARCH % *6.80 [0.0091] | “458 [0.0323] | 1138 [0.0034]

Note: a) The null of the above all tests is that the model is appropriate for estimating VaR.

b) The figures in the bracket [ ] represent p-value.
¢) ", ™ and ™

respectively.
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Table 4. Test results for the performance of estimating 99% VaR for hypothetical
value-weighted portfolio
# of loss Unconditional Independence Conditional
models greater coverage test test coverage test
than VaR | LR, [p-valuel LRia [p-value] | LR [p-value]
SMA 74 1775 [0.0000] *26.20 [0.0000] *43.95 [0.0000]
EWMA 55 "2.80 [0.0945] 0.12 [0.7273] 2.92 [0.2325]
univariate o
model GARCH-n 53 1.93 [0.1649] 473 [0.0296] 6.66 [0.0358]
16(? tail GARCH-t | 58 “437 [0.0365] | "*10.87 [0.0010] | **"15.24 [0.0005]
ong X
position) HS A7 027 [0.6061] | ""20.02 [0.0000] | *"20.29 [0.0000]
o CCC 50 0.92 [0.3383] “5.31 [0.0211] “6.23 [0.0444]
muﬁ(‘)’ggate DCC 51 1.21 [0.2707] 211 [0.1465] 3.32 [0.1899]
O-GARCH 50 0.92 [0.3388] “5.31 [0.0211] “6.23 [0.0444]
SMA 76 “19.95 [0.0000] *79.37 10.0022] 29.32 [0.0000]
EWMA 67 “*10.93 [0.0009] 2.09 [0.1479] **13.02 [0.0015]
univariate
model GARCH-n 55 2.80 [0.0945] 1.41 [0.2356] 4.20 [0.1223]
“%hht Itjﬂ GARCH-t | 54 2.34 [0.1258] 0.15 [0.7027] 9.49 [0.2830]
Sho: *
position) HS 15 0.05 [0.8285] 287 0.0900] 292 [0.2321]
o CCC 55 "2.80 [0.0945] 1.68 [0.1944] 4.48 [0.1065]
muﬁ(‘)’ggate DCC 49 0.66 [0.4176] 112 [0.2910] 177 [0.4123]
O-GARCH 58 *4.37 [0.0365] 1.40 [0.2360] "5.78 [0.0557]

Note: a) The null of the above all tests is that the model is appropriate for estimating VaR.
b) The figures in the bracket [ ] represent p-value.
c) ", ™ and ¥ imply the rejection the null with significance level 1%, 5% and 10%
respectively.
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Table 5. Test results for the performance of estimating 99.5% VaR for hypothetical
value-weighted portfolio

# of loss Unconditional Independence Conditional

models greater coverage test test coverage test
than VaR | LR, [p-valuel LRy [p-valuel LR [p-value]
SMA 47 92,00 [0.0000] | ““14.80 [0.0001] | ““36.80 [0.0000]
o EWMA 40 ""12.26 [0.0005] 0.74 03892] | "13.00 [0.0015]
, ““gjgjte GARCH-n 29 2.17 [0.1403] 172 [0.18%5] 390 [0.1426]
16(1;2;’;11 GARCH-¢ 33 #5001 [00252] | 501 [0.0252] | “*10.02 [0.0067]
position) HS 32 7420 [0.0404] | "°10.25 [0.0014] | 1445 [0.0007]
o cce 23 163 [0.2012] 1.84 [0.1751] 347 0.1762]
m“ﬁ;’ggate DCC 29 2.17 [0.1403] 172 [0.189%] 390 [0.1426]
O-GARCH 29 2.17 10.1403] 172 [0.18%] 3.90 [0.1426]
SMA 56 3758 [0.0000] | 1593 [0.0001] | “5352 [0.0000]
o EWMA 48 ""9357 [0.0000] 1.07 [0.3010] | ***24.64 [0.0000]
““gjgjte GARCH-n 37 “'8:82 [0.0030] 063 [04259] | "9.45 [0.0088]
riih}fofjﬂ GARCH-¢ 32 4,20 [0.0404] 047 [04913] | "468 [0.0965]
position) HS 31 346 [0.0628] | 547 [00193] | 893 [0.0115]
o cce 37 8,82 [0.0030] 063 [04259] | *9.45 [0.0088]
m“ﬁ;’ggate DCC 27 1.17 [0.2803] 0.34 [0.5617] 150 [0.4718]
O-GARCH 36 “778 0.0053] 060 [04386] |  ""833 [0.0151]

Note: a) The null of the above all tests is that the model is appropriate for estimating VaR.
b) The figures in the bracket [ ] represent p-value.
c¢) 5, ™ and ™ imply the rejection the null with significance level 1%, 5% and 10%
respectively.
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