Journal of China Institute of Technology Vov.34-2006.6

ARMA-GARCH
Empirical Study of Forecasting Performance on
ARMA-GARCH VaR Model

Hung, Ju-yao Goo, Yeong-jia Kang, Chien-ting
Department of Business Department of Business MBA,
Administration of CHIT Administration, National Taipei University

National Taipei University

1996 BCBS Basel Accord
VaR Basle
1998 5
7
VaR ARMA
m,n + GARCH p,q VaR

ARMA-GARCH

ABSTRACT

Risk management has caught sight gradually since the Basel Accord on BCBS
claimed banking institutes to build a systematic risk management procedures to manage
quality and procedures of making loans in 1988. Later, the Group of Thirty published
report of Value at Risk in 1993 meanwhile J.P. Morgan issued four-fifteen report in
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1994 had put the VaR into indicator of risk management. In this study we exploit an
ARMA m,n +GARCH p,q model to predict the VaR of six commercial banks in

Taiwan. To firmly decide the effectiveness we also evaluate the predicting performances

of the model and compare with the three mostly used model Historical Simulation,

Monte Carlo Simulation, Variance/Covariance Approach. Via the empirical results, we
find the overall performances of ARMA m,n + GARCH p,q model are better than

the other three models.
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(Geometric Brownian Motion GBM)
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100 GARCH
101 VaR

M O P
Root Mean Squared Relative Bias,RMS
Back
LR Z Uncovered Loss

Ratio,ULR Uncovered Quadratic Value,UQV

Multiple to Attain Desired Coverage, MAC Average
Multiple of Tail Event to Risk Measure, AMT

M O p LR

8 1 91 12
90 7

88/1/5~ 88/1/5~ 88/1/5~ 88/1/5~ 88/1/5~ | 88/1/5~
91/12/31 | 91/12/31 91/12/31 | 91/12/31 | 91/12/31 | 91/12/31

1024 1024 1024 1023 1024 1024 -

0.07000 0.10294 0.07114 0.07364 | 0.07000 | 0.07000 -
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-0.07905 | -0.09697 -0.10704 | -0.10000 | -0.10175 | -0.08911 -
-0.00039 | -0.00013 -7.3E-06 | -0.00042 | 0.00052 | 0.00015 -
0.02984 0.03027 0.02874 0.03153 0.02757 | 0.02904 -
0.29192 0.32051 0.22540 0.02623 0.31215 | 0.36159 0
3.24840 3.41130 3.53649 3.06666 3.62479 | 3.37117 3
2
Kurtosis 3
ADF
3:
3 ADF
ADF
! -17.43072* |-16.87471%* |-17.43444* |-16.47393%*|-17.62887%*|-17.69391*
P 1-17.43860% |-17.00977* |-17.44769% |-16.47080%*|-17.64507%|-17.70036*
©1-17.43154* |-16.88100% |-17.44217* |-16.47022*|-17.62928%|-17.70173*
Mackinnon 1991
a: 1% -5.999, 5% -2.738
b: 1% -8.353, 5% -4.039
c: 1% -1.96, 5% -0.398
6
n n+l VaR
1 n 1
n+1 n+1 VaR
100 n=100 100 101
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VaR 2 101 102 VaR
VaR
7
VaR
exceptions VaR 4
4 - VaR
1
VaR
924 -0.068128 -0.073406 13 -0.065964
924 -0.068741 -0.069281 8 -0.061065
924 -0.068167 -0.070166 15 -0.066872
923 -0.068247 -0.075396 10 -0.064392
924 -0.066599 -0.065853 13 -0.064451
924 -0.065964 -0.069922 12 -0.060803
7
7 1
1 9.2
924%*1 4
VaR 1
100
101 VaR
VaR

exceptions VaR 5
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5 VaR
VaR
1
924 -0.068123 -0.077847 7 -0.066884
924 -0.068735 -0.076285 14 -0.063615
924 -0.068166 -0.074057 16 -0.068560
923 -0.068242 -0.083893 10 -0.066687
924 -0.066588 -0.069915 10 -0.065132
924 -0.065942 -0.074872 7 -0.063004
VaR
GARCH
GARCH Hull & Whit
e G GRACH Ljung-Box
Q LM ARCH
ARCH GARCH 6
Ljung-Box Q LM
6 Ljung-BoxQ LM
P-value P-value P-value
Q 6 |64.458 0.000* |187.372 |0.000* |105.936 |0.000*
Q 12 |97.704 ]0.000* [256.180 |0.000* {132.725 |0.000*
LM 6 (43.691 [0.000* [98.195 0.000* [61.855 |0.000*
LM 12 |55.076 |0.000* [104.850 |0.000* |65.547 |0.000*
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6 Ljung-BoxQ LM )
P-value P-value P-value
Q 6 [164.224 |0.000* (171.247 |0.000* |288.906 [0.000*
Q 12 |201.681 [0.000* |229.111 |0.000* |369.869 |0.000*
LM 6 [96.569 [0.000* [97.172 |0.000* [144.867 |0.000*
LM 12 (103.163 |0.000* [103.927 [0.000* {155.174 |0.000*
ok 1 5
GARCH
GARCH
ARMA mn 7 ARMA mn
P-value
7 ARMA mn P-value
ARMA 2,2 ARMA 2,1 ARMA 2,1
ARMA(m, z z z
-0.0010 |-1.054 -0.0009 |[-1.0032 -0.0005 [-0.6142
AR 1 -0.3376 |-10.71** -0.8547 |[-12.85%* -0.7319 |-3.53%*%*
AR 2 -0.9168 |-32.71** 0.0019 [0.0544 -0.0233 [-0.614
MA 1 0.3346 [12.73%** 0.8997 [16.76** 0.7488 [3.72**
MA 2 0.9455 |38.42%* - - - -
7 ARMA m,n P-value ()
ARMA 2,1 ARMA 1,1
MA 1
ARMA((m, Z Z Z
-0.0013 |-1.283 -0.0008 [-0.951 -0.0005 |-0.538
AR 1 -0.7053 |-4.90%** -0.7220 |[-4.26** - -
AR 2 0.0154 10.367 0.7779 |5.02** - -
MA 1 0.7939 |5.71** - - 0.0706 (2.07*
MA 2 - - - - - -

sk
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ARMA mn GARCH
8 GARCH pyq
8 GARCH
GARCH GARCH GARCH
1,1 1,1 1,1
GARCH(p; Z Z Z
ARCH 1 [0.0941 |3.52%* 0.1349 |4.98** 0.1228 |4.09**
GARCH 1 |0.7979 |12.9%** 0.8194 |25.8%* 0.7498 |12.7**
8 GARCH ()
GARCH GARCH
1,1 GARCH 1,1 1,1
GARCH(p; Z Z Z
ARCH 1 (0.1554 |4.33** 0.1445 |5.02%* 0.1654 5.00%*
GARCH 1 |0.7317 |13.4%** 0.7820 |20.6** 0.7676 19.1**
ok 1 * 5
ARMA-GARCH ARMA-GARCH
G G (R)
p Vv pu’+(1-pwv’ =1 u 9 G
p Vv
9 G p Vv
p 0.74719** |0.81705** |0.59236** |0.78488** |0.85606** |0.72515**
v 0.43314%* |0.42266** |0.59570** |0.36017** |0.26248* |0.47334**
u 1.12910 1.08808 1.20165 1.10661 1.07543 1.13758

*k 1
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G z R
f R
fi
f 100
f; 101 VaR VaR=Z7Z, *o, 101  VaR
VaR
exceptions VaR 10
10 - - VaR
VaR
1
922 -0.068128 | -0.068565 8 -0.067260
922 -0.068741 | -0.067653 13 -0.064468
922 -0.068167 | -0.066290 17 -0.069268
921 -0.068247 | -0.073761 11 -0.064881
923 -0.066592 | -0.062534 16 -0.067199
924 -0.065957 | -0.066756 9 -0.064739
G ARMA-GARCH
VaR
ARMA-GARCH ARMA-GARCH
GARCH
VaR =f, -2.33,/6, VaR
exceptions VaR 11
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11 ARMA-GARCH - VaR
VaR
922 -0.068128 -0.069643 7 -0.068917
922 -0.068741 -0.069896 9 -0.067427
922 -0.068167 -0.065910 9 -0.072847
921 -0.068247 -0.073057 7 -0.069613
923 -0.066592 -0.062497 11 -0.066964
924 -0.065957 -0.065314 9 -0.063533
ARMA-GARCH VaR
ARMA-GARCH
9.24
ARMA-GARCH
ARMA-GARCH VaR
12
Back test
VaR p c LR test Z test
0.073353 |0.017724 |0.119184 [3.517** |1.372070 |1.243181
0.077847 |0.018430 {0.004498 |1.894 0.598636 |-0.740618
- 0.068565 |0.009840 |-0.006618 [2.169 0.170694 |-0.403810
ARMA-GARCH 0.069643 (0.010226 |-0.084922 |1.898 0.588887 |-0.734801
0.069236 [0.015869 |0.140253 |2.165 0.176075 |-0.409985
0.076285 [0.021667 |-0.015492 [3.788**  |2.139244 |1.573814
- 0.067658 [0.015642 |-0.027201 [3.525**  |1.388608 |1.251148
ARMA-GARCH 0.069896 |0.018587 |-0.076212 |2.440 0.005345 |-0.072818
0.070107 |0.017723 |0.115512 |4.058** |3.051595 {1.904447
0.074057 |0.017771 |0.021888 [4.329**  |4.099578 |2.235080
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- 0.066287 |0.010112 [-0.034954 (4.610**  [5.309004 |(2.575114**
ARMA-GARCH 0.065910 {0.012203 [-0.054073 {2.440 0.005345 |-0.072818
0.075294 10.017769 (0.102330 (2.706** [0.063170 |0.254725
0.083893 |0.019135 [-0.036459 (2.709**  [0.063170 |0.254725
- 0.073761 |0.010821 [-0.011056 [2.986** [0.330836 [0.592796
ARMA-GARCH 0.073057 {0.015308 [-0.064927 {1.900 0.584036 |-0.731888
0.065842 10.014676 |0.157337 |3.517** |1.372070 |1.243181
0.069915 ]0.018598 |-0.049300 |2.706** ]0.061496 |0.251281
- 0.062534 10.012214 |0.000813 |4.334**  14.114432 |2.239599
ARMA-GARCH 0.062497 10.015575 |-0.079547 |2.979**  10.323028 |0.585538
0.069881 ]0.020329 |0.122952 |3.247** |0.761090 ]0.912548
0.074872 10.020705 [0.071428 [1.894 0.598636 |-0.740618
- 0.066784 10.013837 [0.062311 |(2.435 0.006351 |-0.079352
ARMA-GARCH 0.065314 |0.018797 [-0.019148 (2.435 0.006351 |-0.079352
.
1. VaR M
ARMA-GARCH
2.VaR o
VaR
3. VaR p
VaR
VaR
ARMA-GARCH
4. Back test
250 a 0.01 2.5
2.5 ok 4-7-1
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1.LR Likelihood Ratio test
LR 1
N/T LR 3.84146
LR 6.6349
a 0.01
ARMA-GARCH LR
ARMA-GARCH
LR n/T
LR
2.7 Z test
Z Z
Z,, =233
a 0.01
ARMA-GARCH
1999 2002
VaR
ARMA-GARCH
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