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Abstract

ARMA-GARCH model study on of the recent studies in the field of time
series, and that the most important characteristic of these models to both
conditional mean and conditional variance depends on the past. And most of these
studies used three continuous distributions of conditional error is Normal
,Student — t and General Error distributions ,and discrete type are the Poisson
and the negative binomial distributions.

In our research, one continuous conditional error distribution is suggested,
include Laplace distribution. And then study the distribution proposed
theoretically, empirically and practically. Thus the goal of the thesis is to study the
time series when observations are real values and follows the random error of
GARCH model in continuous distributions.

The results of the experimental side in case of continuous distributions had
been reached that forms where the random error follows Laplace distribution was
preferable compared with the normal distribution.
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In practical side examined application took a representative sample of daily price
in Japanese stock market that was distributed as Laplace distribution and also
suffers from the problem of heteroscedasticity of the conditional variance of
error, and remove the influence problem matching AR(1)-ARCH(2) model.
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! —alal)
) ' (2) dox ) .
Laplace &g A 2 ARMA(0,1)-GARCH(1,0) g 3saill 3lSlaall o jlad il Jiay
Case 1 Case 2 Case 3
n P Normal Laplace Normal Laplace Normal Laplace
APV RE | APV RE APV RE
EP) | MSE | E(P) MSE E(P) | MSE | E(P) | MSE E(P) | MSE | E(P) | MSE

©1]0.31| 0.313 | 0.036| 0.307 |0.025]|0.678| 0.7 | 0.694 | 0.03 | 0.695 | 0.019 | 0.633 | -0.5 -0.5 | 0.025| -0.51 | 0.017 | 0.704
3la0| 01 0.112 | 0.002| 0.105 |0.002]|1.186| 0.3 | 0443 10.131| 0.403 | 0.236 | 1.805 | 0.7 | 0.727 | 0.065 | 0.694 | 0.077 | 1.182

al | 0.22 | 0.075 | 0.048| 0.133 |0.059|1.218| 05 | 0.163 | 0.147 | 0.24 | 0.136 | 0923 | 0.1 | 0.033 | 0.027 | 0.08 | 0.039 | 1.452

©1]031]| 0.313 | 0.016 | 0.303 0.01 | 0.642| 0.7 | 0.699 | 0.012 | 0.695 | 0.007 | 0.608 | -0.5 -0.5 0.01 | -0.51 | 0.006 | 0.545
§ a0 | 0.1 0.108 | 0.001| 0.102 |0.001]0.918| 0.3 | 0.404 | 0.043 | 0.368 | 0.031 | 0.705 | 0.7 | 0.712 | 0.034 | 0.691 | 0.035 | 1.008

al | 0.22 | 0.104 |0.031| 0.161 |0.036|1.165| 0.5 | 0.209 | 0.11 | 0.29 | 0.089 | 0.805 | 0.1 | 0.047 | 0.016 | 0.089 | 0.024 | 1.548

©1]0.31| 0.308 | 0.007| 0.314 |0.003| 052 | 0.7 | 0.695 | 0.007 | 0.702 | 0.002 | 0.322 | -0.5 -0.5 | 0.004| -0.5 |0.002|0.634
ﬁ a0 | 0.1 0.107 | 0.000| 0.103 |0.001]1.081| 0.3 | 0.433 |0.193| 0.375 | 0.028 | 0.147 | 0.7 | 0.713 | 0.013 | 0.697 | 0.016 | 1.271

al | 0.22 | 0.143 | 0.021| 0.179 0.02 | 098 | 0.5 | 0.262 | 0.078 | 0.329 | 0.056 | 0.716 | 0.1 | 0.069 | 0.01 | 0.091 | 0.011 | 1.082

©1]0.31| 0.308 | 0.004]| 0.314 |0.002|0.446| 0.7 | 0.696 | 0.005| 0.702 | 0.001 | 0.278 | -0.5 -0.5 | 0.002| -0.5 |0.001 | 0.554
§ a0 | 0.1 0.107 | 0.000| 0.104 ]0.000|0.792| 0.3 | 0.417 | 0.056 | 0.384 | 0.023 | 0.404 | 0.7 | 0.713 | 0.009 | 0.708 | 0.008 | 0.915

al | 0.22 | 0.163 | 0.013| 0.193 |0.013|0.979| 0.5 | 0.292 | 0.059 | 0.349 | 0.04 0.683 | 0.1 | 0.082 | 0.006 | 0.096 | 0.007 | 1.129

©1]031| 0311 |0.002| 0.309 |0.001]0.388| 0.7 | 0.701 | 0.002 | 0.699 | 0.000 0.22 | -05 -05 | 0.001| -0.5 |0.001 | 0.548
E a0 | 0.1 0.105 | 0.000| 0.102 |0.000| 0.84 | 0.3 | 0.394 | 0.016 | 0.374 | 0.016 0.96 0.7 | 0.709 | 0.004 0.7 0.004 | 0.934

al | 0.22 | 0.175 |0.008| 0.198 |0.007| 0.88 | 0.5 | 0.317 | 0.047 | 0.357 | 0.033 | 0.688 | 0.1 | 0.086 | 0.003 | 0.098 | 0.004 | 1.185

Ll 3ol ; RE ¢ Uadd) cilay o g 1 MES ¢ 338l dalral) ad au gia; E(P) ¢ dalrall dpal 38Y) daidl); APV ¢ cilalaal) 1 P ¢« 4lall a3ain
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3) do
Laplace gjg A B ARMA(l,O)-(G?ARCH(l,O) & 3 gadll lslaal) o jlad il Jay
Case 1 Case 2 Case 3
n P Normal Laplace Normal Laplace Normal Laplace
APV RE APV RE APV RE
E(P) MSE E(P) MSE EP) | MSE | EP) MSE E(P) MSE E(P) MSE

®1 | 035]| 0.329 | 0.016 0.287 0.017 | 1.108 | 0.7 | 0.662 | 0.021 | 0.674 | 0.015 0.705 | -05 | -0.483 | 0.02 | -0.483 | 0.016 | 0.803
S| a0 0.4 0.443 0.019 0.475 0.024 1 1.288 | 0.2 0.286 | 0.042 | 0.266 0.104 2471 0.5 0.523 0.034 0.497 0.039 | 1.148

al | 025 0.132 | 0.034 0.078 0.036 | 1.075| 0.5 | 0.172 | 0.144 | 0.255 | 0.123 0.854 0.1 0.029 | 0.027 | 0.081 | 0.038 | 1.423

®1 | 0.35| 0.344 | 0.006 0.345 0.005 | 0.789 | 0.7 | 0.665 | 0.015 | 0.684 | 0.006 0.389 | -0.5 | -0.493 | 0.009 | -0.488 | 0.006 | 0.65
§ a0 | 04 0.428 | 0.006 0.446 0.007 | 1.109 | 0.2 | 0.281 | 0.034 | 0.25 0.026 0.748 0.5 0.509 | 0.018 | 0.494 | 0.017 | 0.995

al | 025 ]| 0.182 | 0.019 0.144 0.02 | 1.056 | 0.5 | 0.222 | 0.107 | 0.291 | 0.086 0.806 0.1 0.047 | 0.016 | 0.089 | 0.024 | 1.53

®1 | 0.35 0.345 0.008 0.344 0.003 | 0.427 | 0.7 0.687 | 0.007 | 0.692 0.002 0.306 -0.5 | -0.496 | 0.004 | -0.498 | 0.002 | 0.614
g a0 0.4 0.433 0.008 0.413 0.008 | 1.018 | 0.2 0.272 | 0.013 | 0.247 0.011 0.879 0.5 0.51 0.006 0.498 0.008 | 1.268

al | 025 ]| 0.165 | 0.022 0.205 0.021 | 0.973 | 0.5 | 0.267 | 0.073 | 0.335 | 0.054 0.74 0.1 0.069 0.01 0.09 0.011 | 1.078

®1 | 0.35 0.34 0.006 0.265 0.016 | 2.507 | 0.7 | 0.691 | 0.004 | 0.696 | 0.001 0.276 | -0.5 | -0.497 | 0.002 -0.5 0.001 | 0.519
§ a0 0.4 0.435 0.008 0.489 0.02 | 2394 | 0.2 0.266 | 0.014 | 0.243 0.006 0.447 0.5 0.509 0.004 0.506 0.004 | 0.906

al | 025 | 0.167 0.02 0.096 0.028 | 1.416 | 0.5 | 0.299 | 0.056 | 0.356 | 0.039 0.69 0.1 0.082 | 0.006 | 0.096 | 0.007 | 1.122

®1 | 0.35| 0.347 | 0.003 0.348 0.003 | 0.838 | 0.7 | 0.695 | 0.002 | 0.699 | 0.000 0.233 | -0.5 | -0.499 | 0.001 -0.5 0.001 | 0.551
g a0 0.4 0.423 0.004 0.446 0.005 | 1.33 0.2 0.268 | 0.014 | 0.244 0.005 0.39 0.5 0.507 0.002 0.5 0.002 0.93

al | 0.25 0.201 0.011 0.155 0.015] 1401 | 05 0.321 | 0.047 0.37 0.03 0.653 0.1 0.086 0.003 0.098 0.004 | 1.179

dppad) 3ol ; RE ¢ Ul ilay o augia 1 MES ¢ 328l dabrall ad Jau gia; E(P) ¢ daleall 4l 38Y) daidll; APV ¢ clalaall ; P ¢ 4dall aaain

Laplace &g Al A ARMA(L,0)-GARCH(1,1) g aseill slslaall o jlas mitii Jiag (4) ady Jga
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) (4) o2 ds>
Laplace &35 s .6 ARMA(1,0)-GARCH(L,1) E3gaill slshaal) oo jlas il Jiay
Case 1 Case 2 Case 3

n P Normal Laplace Normal Laplace Normal Laplace

APV RE | APV RE APV RE
E(P) MSE E(P) MSE E(P) | MSE | E(P) MSE E(P) MSE E(P) MSE
®1 | 05 0.476 | 0.022 0.48 0.017 | 0.772 | -0.5 | -0.468 | 0.028 | -0.473 | 0.023 0.814 0.8 0.759 | 0.015 | 0.767 | 0.012 | 0.806
o | @0 | 01 0151 | 0012 | 0.116 | 0.009 | 0.805 | 08 | 113 | 1202 | 0932 | 0899 | 0748 | 05 | 1276 | 8607 | 0937 | 1517 | 0.176
et | 02 0.102 | 0.025 0.167 0.037 | 1.512 | 045 | 0.172 | 0.104 | 0.241 0.096 0923 | 035 | 0151 | 0.059 | 0.223 0.06 1.01
pL | 04 0.23 0.238 0.337 0.269 | 1.131 | 0.15 | 0.152 | 0.079 | 0.221 0.104 1.31 045 | 0.218 0.28 0.298 | 0301 | 1.074
®1 | 05 0.487 | 0.014 0.5 0.008 | 0575 | -0.5 | -0474 | 0.019 | -0.474 | 0.011 0.551 0.8 0.771 0.01 0.789 | 0.005 | 0.475
g [ @0 01 0.145 | 0.009 0.121 0.006 | 0.727 | 08 | 1.086 | 0553 | 0.94 0.398 0.719 0.5 1.054 | 1.222 | 0819 | 0.468 | 0.383
— | al | 02 0.114 | 0.023 0.179 0.029 | 1.284 | 045 | 0.192 | 0.089 | 0.275 0.071 0801 | 035 | 0169 | 0052 | 0259 | 0.044 | 0.854
pL | 04 0.273 0.25 0.324 0.26 | 1.038 | 0.15 | 0.187 | 0.082 | 0.208 0.095 1.151 | 045 0.32 0.291 0.34 0.292 | 1.006
®1 | 05 0.496 | 0.006 0.493 0.003 | 0.461 | 0.5 | -0.486 | 0.01 | -0.498 | 0.004 0.376 0.8 0.788 | 0.004 | 0.792 | 0.002 | 0.379
2 a0 | 01 0.132 | 0.005 0.115 0.005 | 0.881 | 08 | 1059 | 043 | 0.933 0.263 0.612 0.5 0912 | 0638 | 0719 | 0.294 | 0.461
| a1l | 02 0.14 0.014 0.184 0.017 | 1.262 | 045 | 0246 | 0.059 | 0.312 0.046 0773 | 035 | 0208 | 0033 | 0268 | 0.029 | 0.875
p1 | 04 0.317 | 0.238 0.34 0.243 | 1.018 | 0.15 | 0.193 | 0.077 | 0.184 0.07 0912 | 045 0.39 0.274 | 0397 | 0.271 | 0.989
®1 | 05 0.496 | 0.003 0.501 0.001 | 0.397 | -0.5 | -0.497 | 0.006 | -0.498 | 0.002 0.275 0.8 0.789 | 0.003 | 0.798 | 0.001 | 0.223
S a0 | 01 0.121 | 0.004 0.112 0.003 | 0.776 | 08 | 0991 | 0.198 | 0.917 0.133 0.673 0.5 0.768 | 0298 | 0.663 | 0.145 | 0.485
el | 02 0.152 0.01 0.18 0.009 | 0.876 | 045 | 0263 | 0.048 | 0.322 0.032 0673 | 035 | 0224 | 0027 | 0271 002 | 0724
p1 | 04 0.351 | 0.224 0.359 0.219 | 0.979 | 015 | 0.221 | 0.066 | 0.19 0.058 0878 | 045 | 0443 | 0256 | 0.433 | 0.247 | 0.966
®1 | 05 0.497 | 0.002 0.498 0.001 | 0.416 | -0.5 | -0.493 | 0.004 | -0.497 | 0.001 0.315 0.8 0.793 | 0.002 | 0.797 | 0.001 | 0.335
2 a0 | 01 0.118 | 0.003 0.108 0.002 | 0.783 | 0.8 | 1007 | 0.173 | 0.883 0.106 0.612 0.5 0.77 0.262 | 0654 | 0.149 | 0.567
~ a1l | 02 0.164 | 0.009 0.185 0.007 | 0.792 | 045 | 0283 | 0.042 | 0.339 0.026 0619 | 035 0.24 0.024 0.28 0.015 | 0.633
p1 | 04 0.36 0.213 0.372 0.208 | 0.979 | 015 | 0.195 | 0.058 | 0.195 0.052 0901 | 045 | 0436 | 0254 | 0.437 | 0.239 | 0.942
Al 3pL8SY : RE ¢ Undl il o Jaugia 1 MISE ¢ 3 t8al) dalaal) o Jas g E(P) ¢ dalrall dpal i) 4aidll; APV ¢ cilalaall ; P ¢ il aaa 2
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(5) Js>
Laplace @i A 2 ARMA(L.1)-GARCH(1,1) 73 saill SSlaal) o jlas geiliis Jiag
Case 1 Case 2 Case 3
Normal Laplace Normal Laplace Normal Laplace
nl P [APY E(P) MSE E(P) MSE RE | APV EP) | MSE | E(MP) MSE RE APV E(P) MSE E(P) MSE RE
o1 | 0.25 -0.101 0.587 -0.022 0.504 ] 0.859 | -0.1 | -0.125 | 0.267 | -0.114 0.205 0.768 -0.2 -0.123 | 0.371 -0.102 | 0.274 | 0.738
o1 ] 031] -0.069 ] 0.728 0.033 0.59 | 0.811 ]| 0.2 0.16 | 0.362 | 0.181 0.247 0.682 | -0.4 | -0.319 | 0.435 | -0.308 | 0.315 | 0.726
a0 | 01 0.14 0.015 0.131 0.015 | 0.957 | 0.8 243 | 8.772 | 1.916 6.659 0.759 | 0.25 | 0.372 | 0.105 | 0.365 0.13 | 1.238
al | 0.22 0.066 | 0.068 0.113 0.064 | 0.932 | 0.35 | 0.121 | 0.102 | 0.172 0.088 0.865 0.1 0.03 0.044 | 0.065 | 0.048 | 1.092
B1 ] 0.17 | -0.015 | 0.612 0.03 0.518 | 0.847 | 0.4 | -0.091 | 0.673 | 0.052 0.606 0.9 0.3 | -0.001 | 0.688 | 0.014 | 0.663 | 0.964
®1 | 0.25| -0.058 | 0.529 -0.072 0.513 ] 0.97 | -0.1 | -0.107 | 0.196 -0.1 0.136 0.692 | -0.2 | -0.115 | 0.265 | -0.145 0.18 | 0.678
o1 | 031 ] -0.002 | 0.593 -0.027 0.57 10962 ] 0.2 | 0.195 | 0.219 | 0.194 0.155 0.71 -0.4 | -0.315 | 0.288 | -0.351 | 0.182 | 0.633
§ a0 0.1 0.154 0.013 0.138 0.012 1 0.879 | 0.8 2.286 | 8.314 | 1.673 2.918 0.351 0.25 0.429 0.118 0.395 0.106 | 0.899
al | 0.22 0.107 | 0.042 0.173 0.037 | 0.877 | 0.35 | 0.174 | 0.06 0.23 0.05 0.834 0.1 0.046 | 0.022 | 0.085 | 0.022 | 1.024
B1 | 0.17 | -0.101 | 0.448 -0.036 0.374 |1 0.834 | 0.4 | -0.011 | 0.533 | 0.082 0.471 0.884 0.3 | -0.124 | 0.578 | -0.069 | 0.544 | 0.941
®1 | 0.25| -0.022 | 0.472 -0.006 0.411 ] 0.872 | -0.1 | -0.091 | 0.099 | -0.085 | 0.052 0.53 -0.2 | -0.188 0.12 -0.166 0.08 | 0.667
o1 | 031 0.038 | 0.504 0.058 0.437 1 0.868 | 0.2 | 0.211 | 0.097 | 0.218 0.05 0.52 -0.4 | -0.389 | 0.114 | -0.366 | 0.075 | 0.659
% a0 0.1 0.147 0.009 0.123 0.006 | 0.675 | 0.8 1.613 | 2.654 1.27 1.358 0.512 0.25 0.482 0.124 0.409 0.09 0.728
a1l | 0.22 0.153 0.018 0.188 0.018 | 0.972 ] 0.35 ] 0.212 | 0.039 0.25 0.029 0.76 0.1 0.07 0.01 0.098 0.009 | 0.904
B1 | 0.17 -0.074 0.259 0.033 0.214 | 0.83 0.4 0.211 | 0.383 | 0.289 0.304 0.794 0.3 -0.256 | 0.466 -0.103 0.42 0.9
®1 | 0.25 -0.054 0.484 -0.007 0.396 | 0.819 | -0.1 | -0.075 | 0.057 | -0.104 0.027 0.466 -0.2 -0.189 | 0.062 -0.192 | 0.029 | 0.464
o1 | 031 0.001 | 0.513 0.051 0.419 | 0.817 | 0.2 | 0.223 | 0.056 | 0.202 0.025 0.451 | -0.4 | -0.395 | 0.057 | -0.397 | 0.024 | 0.425
§ a0 | 0.1 0.13 0.005 0.112 0.003 | 0.613 | 0.8 1.36 | 1.352 | 1.067 0.545 0.403 | 0.25 0.46 0.104 | 0.373 | 0.069 | 0.662
al | 0.22 0.162 | 0.013 0.189 0.013 ] 0.979 | 0.35 | 0.245 | 0.027 | 0.265 0.021 0.762 0.1 0.085 | 0.006 | 0.096 | 0.006 | 0.898
p1 | 0.17 0.015 0.193 0.109 0.141 1 0.729 | 0.4 0.311 | 0.269 | 0.396 0.214 0.794 0.3 -0.201 | 0411 -0.012 | 0.376 | 0.915
®1 | 0.25 -0.032 0.455 -0.042 0.414 | 0.91 -0.1 | -0.102 | 0.056 | -0.105 0.016 0.292 -0.2 -0.19 0.039 -0.198 | 0.018 | 0.465
o1 | 0.31 0.024 0.481 0.013 0.438 |1 0911 | 0.2 0.199 | 0.054 | 0.194 0.017 0.311 -04 -0.391 | 0.035 -0.399 | 0.016 | 0.469
E a0 0.1 0.122 0.004 0.106 0.002 | 0.511 | 0.8 1.256 0.95 0.99 0.307 0.323 0.25 0.443 0.096 0.36 0.056 | 0.576
al | 0.22 0.175 0.013 0.197 0.01 0.77 ] 035 | 0.244 | 0.025 | 0.271 0.018 0.705 0.1 0.082 0.005 0.098 0.005 | 0.896
g1 | 0.17 0.067 | 0.152 0.145 0.102 | 0.668 | 0.4 | 0.347 | 0.259 | 0.399 0.202 0.78 0.3 | -0.161 | 0.404 | 0.021 | 0.337 | 0.834
Ll 3ol ; RE ¢ Uadd) cilay o o gia 1 MES ¢ 338l dalral) ad ou gia: E(P) ¢ dalrall dpal 38Y) daidl); APV ¢ cilalaal) 1 P ¢« 4lall a3ain
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(6) Js>
bl 2398 aa Laplace g 4 ta
n 50 100 250 500 750 Laplace Normal
Case — o 5 o 5
— O] ® — O] @
Model 11213|1]2|3]|1]2|3]|1]12|3]|1]2]|3 SHIE @ gl 3 @
ARMA(0,1)- 1 0 0
GARCH(1.0) N|D|N|D|D|N|D|D|N|D|D|D|D|D|D 1 73% | 4 | 27%
ARMA(1,0)- 1 9 0
GARCH(L.0) N|D|N|N|D|D|D|D|N|D|D|D|D|D|D 1 73% | 4 | 27%
ARMA(1,0)- 1| 100 0
GARCH(1.1) D|D|D|D|D|D|D|D|D|D|D|D|D|D|D 5 % 0 0%
ARMA(1,1)- 1| 100 0
GARCH(1.1) D|D|D|D|D|D|D|D|D|D|D|D|D|D|D 5 % 0 0%
Total 8 10 10 12 12 g
Laplace Perce
0, 0, 0, 0, 0,
nt 67% 83% 83% 100% 100% 87%
Total 4 2 2 0 0 8
Normal Perce 0 0 0 9 9

nt 33% 17% 17% 0% 0% 13%

D : Laplace (Double Exponential) , N: Normal
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