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A Study on the asymmetry of Price Volatility of three Major Frozen

Fisheries Products in Korea

Man hoon Han

Department of Resource and Environmental Economics,

The Graduate School, Pukyong National University

Abstract

The production of popular fish species, which are important in terms
of supply in the Korea fishing industry, which is continuously
decreasing. In particular, the recently decrease in fishery resources,
due to 1llegal fishing, overfishing by Chinese fishing vessels, and
climate change has been causing supply 1mbalances and price
fluctuations. seafood i1s highly prone to price volatility due to its
characteristic of variable production(seasonal item) and the impossibility
of planned production. because seafood prices have a more complex
and dependent structure than general time series. These factors act as
negative problems in terms of stable supply of marine products in
korea. Fluctuations in seafood prices increase the risk of producers
and workers in related industries due to future uncertainty, making

income unstable, and leading to a decrease in purchasing power for



consumers. As a result, high price volatility of marine products
reduces the welfare of the people who consume marine products as
well as the welfare of the entire fishing industry.

Therefore, the purpose of this study i1s to investigate the price
volatility and asymmetry of volatility of cutlassfish, mackerel, and
squid, which are designated as price stability management items
among the top 10 fish species that require active price management
by the government. This information can be used as reference
material to efficiently promote policies related to seafood prices, such
as purchasing seafood and stockpiling projects. Additionally, from a
responsive perspective, 1t can be said to be important in that it
provides appropriate information to understand the price fluctuation
characteristics of commodity assets formed in the market. Lastly, if a
way to stabilize the income of producers is sought, and if consumers
have sufficient information about price changes, price uncertainty can
be resolved, which can have a positive impact on the equality of

consumers’ purchasing power.
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2012 181,408 548,876,240
2013 154,555 450,935,613
2014 163,896 444,527,589
2015 155,743 413,216,888
2016 121,691 483,121,866
2017 87,024 492,657,660
2018 46,274 382,055,218
2019 51,817 384,354,356
2020 96,989 506,153,386
2021 60,880 461,690,161
2022 36,549 305,919,409
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stA|RE o] 23 ARCH(p) E¥< FAst= 4% AxpE 24 244

A uk3}el= GARCH(Generalized ARCH) R8-S AlA3FSith. ARCH &
g7} 2, GARCH w3e a54e A o1&, 5 A74as =
date o QlolA mae] £ 29 otk FHE AUm
Rt :E<R¢‘W¢—1>+€t ””””””””””””””””””””””””””””””””” (1)
5; — O‘tﬂt ”””””””””””””””””””””””””””””””””””””””” (2)
b q
O‘?Zﬁ"'_ Za/]-s?_j—i— Zﬁko-?_k 77777777777777777777777777777777777777777 (3)
j=1 k=1

ARCH 2ol {e} Zo] R;+= t7]9] s 442 7ol tiah 2 7b2nishgol

[oN
—] (
r
rE
i
©

o, v, = 171749 BRe JjL e el 0, 4ol 191 i
t} GARCH(1,1) ®&ollA #Alo] 9K+)olal ¢FA A %A (stationaritycondition)

& WEIY] AG 20 o +4< 101010k Fth o +8 & AHHY BF

(persistency ~ parameter)etil  AHo|FH™, o+, =1°] =H wj=

3) ;& WEA 270 gat ~AY seuee] AFS Fuw
AL el gAQe] WS DRGA WLFS oy oo wa A
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S5% A BAY WEH A A%

il = )
g 7bede] =ua & g Jdu(HR A, A=A, aeAALEA |, 2004412



7hd wf AR obd HIEVE o] el mEd FEE, Jr= 0xtt
AAY 2o w7t FH & (fat-tailed) #H o & * (leptokurtic) T+%F= 713l
th ool 54 A7l QoA AArEA Y] WstE w9
dol wmAE W, o5 AlHdA Ak WEAdo] TS F ke S

ojuistH, A9 HH= AHFH o wgEa k= A ofn g

4. EGARCH

EGARCH X322 Nelson(1991)el 9J3] A7lEA=d, 2 8 °olf+
GARCH B39 B4 714 £o BAkS 01Xt A4 817] 98t ZeEd

Rt - E(Rt‘l//t 1)+5t 777777777777777777777777777777777777777777777777777 (1)
5; — Ot#l‘ 77777777777777777777777777777777777777777777777777777777777777777777777777 (2)
Inoy = 0+ Blnc,y + 7 (1§ @& —y) 3

R, = t719] &7 4412 71460 gk 94 7ARsgoly, v, | & 17171
o] Aol A, p, = Hito] 0, B4kl 191 iid FEWUFE 2msAnh ARCHY

GARCH E&¥te] ol Hikaell itk &, W o, 7+ AEHot w7t &

), p. 221~222).
4) EGARCH 2o digh AS 98, “Az - F=d F4(2004), AAA, p.
229~237"& x5t}
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FA7E AesE mye] ARwsl wvim & $ gl ARAA
AIC 7]+ ARMA(2,5) BIC 7] ARMA(05) HQ 7]+ ARMA(1,5)9]
37h ubgrom 7t gl uletel ARFIHE BE b AR A
Helom oyt Bl MAFZIAM = B SAIARR A= 1t
# 4-3 > ARMA 2 AIC §E2R¢ 21
AIC
p/q 0 1 2 3 4 5
0 -3.40210 | -3.40120 | -3.39966 | -3.39812 | -3.40481 | -3.46853
1 -3.40122 | -3.43024 | -3.43576 | -3.43926 | -3.45530 | -3.47259
2 -3.39965 | -3.43717 | -344535 | -3.44886 | -3.45954 | -3.47357"
3 -3.39801 | -3.44359 | -3.44698 | -3.41177 | -3.46445 | -3.47211
4 | -340471 | -3.45259 | -3.45120 | -3.46553 | -3.46389 | -3.47105
S5 | —3.45526 | -3.45493 | -3.46018 | -3.46423 | -3.46707 | -3.46949
T2 MH Q0| J|Z:o| ol MEHEl EA Moo=z J}A SIS 2y
< ¥ 4-4> ARMA =& BIC EE22¢2 Z1
BIC
p/q |0 1 2 3 4 5
0 | -339371 | -3.38861 | -3.38287 | -3.37714 | -3.37962 | -3.43915"
1 -3.38863 | -3.41345 | -3.41477 | -3.41408 | -3.42592 | -3.43902
2 -3.38286 | -3.41618 | -3.42017 | -3.41948 | -3.42596 | -3.43580
3 -3.37702 | -3.41840 | -3.41760 | -3.41048 | -3.42668 | -3.43014
4 | -337953 | -342321 | -3.37276 | 342776 | -3.42192 | -3.42489
5 —3.42589 | -3.42136 | -3.42241 | -3.42226 -3.4209 -3.41913
2 HEeel 7% o MuE SAHANCE JE Hets 2y
< ¥ 4-5> ARMA 28 HQ &Ll A1t

HQ




p/q 0 1 2 3 4 5

0 -3.39894 | -3.39647 | -3.39334 | -3.39022 | -3.39533 -3.45747
1 -3.39648 -3.42392 -3.427786 -3.42978 -3.44424 | -3.45996"
2 -3.39333 | -3.42927 | -3.43587 -3.4378 -3.4469 -3.45935
3 -3.39011 -3.43411 -3.43592 | -3.43141 -3.45023 -3.45631
4 -3.39523 -3.44153 -3.43856 -3.45131 -3.44809 -3.45367
5 -3.44420 -3.44230 -3.44596 -3.44843 -3.44969 -3.45053
T2 HEQQl J[Eo oo MEE SAHXME JIE MEeh 2y

ARMA@25) 292 5% FxolA 44 Aa A grel 79 skA

e AaF vkt ARMA(LS) 2¥3 ARMA0S) 2@ 5% ol

g om Ause GARCHR Z8< AAsr
E 4-6 > ARMA(2)5) =2 MEJ|E Z1
Variable Coefficient Std.Error t-Statistic Prob.
C 6.06E-05 0.000533 0.113799 0.9094
AR(2) 0.2391" 0.1299 1.840483 0.0659
MA() -0.2401™ 0.0220 -10.8876 0.0000
R-squared 0.0800 Mean dependent var -1.09E-05
Adjusted R-squared 0.0739 S.D. dependent var 0.04410
S.E. of regression 0.0424 Akaike info criterion -3.4735
Sum squared resid 2.1740 Schwarz criterion -3.4358
Log likelihood 2120.9310  Hannan-Quinn criter. -3.4593
F-statistic 13.1348 Durbin—Watson stat 2.0001
Prob(F statistic) 0.0000

*x | Hkk B{Z=Q| A $=7F 242t 10%, 5%,

*
e sig sjoi

192l A XM SAHAH2Z 72|0|5}



< ¥ 4-7 > ARMA(0,5) =28 MHI|& Z3l
Variable Coefficient Std.Error t-Statistic Prob.
C 4.76E-05 0.0006 0.0812 0.9352
MA(5) -0.2183™ 0.0216 -10.0818 0.0000
R-squared 0.0800 Mean dependent var -1.09E-05
Adjusted R-squared 0.0739 S.D. dependent var 0.0441
S.E. of regression 0.0424 Akaike info criterion -3.4735
Sum squared resid 2.1740 Schwarz criterion -3.4358
Log likelihood 2120.9310 Hannan—-Quinn criter. -3.4593
F-statistic 13.1348 Durbin—Watson stat 2.0001
Prob(F -statistic) 0.0000
Toox, xx ks B0 ATE ZEZE 10%, 5%, 1%2] LA XM SAMSZ Felo|st
Ct= A& 2lolgt
< ¥ 4-8 > ARMA(1,5) 28 AMHTI|E Z3}
Variable Coefficient Std.Error t—-Statistic Prob.
C 4.76E-05 0.0005 0.0812 0.9352
AR(1) 0.3337 0.0816 4.0878 0.0000
MA(5) -0.2183" 0.0216 -10.0818 0.0000
R-squared 0.0800 Mean dependent var -1.09E-05
Adjusted R-squared 0.0739 S.D. dependent var 0.0441
S.E. of regression 0.0424 Akaike info criterion -3.4735
Sum squared resid 2.1740 Schwarz criterion -3.4358
Log likelihood 2120.9310  Hannan—-Quinn criter. -3.4593
F-statistic 13.1348 Durbin—Watson stat 2.0001
0.0000

Prob(F-statistic)

E L L

che #g olojg

% 23 A7)dw #

wees B0 A =TL ZE2E 10%, 5%, 1%2] LAHXAAM SAHHS=

ol A4

Fr2lo|st

ZAEA gL, o]
AAst7] 918 Autocorrelation LM 74,



ARCH-LM#A Y 9 Whited B3-S AAstAdtt 5 22 Z7]d3do] gl
3l FEAbe] EA5HA] ko ARCH-LM HAANA A= 4wl AF7FA
9 717ske] ARCHETV) Q= Aoz et wepd RE 2ge
ARCH# ®yozel #3o 2882 & 5 At
<¥ 4-9 > ARMA(0,5) =& RAj7|4tat 3 Oo|E4A AH
ARMA(0,5)
Autocorrelation ARCH- )
Lag P-Value P-Value | White | P-Value
LM LM

0 - - - - 432737 | 0.0000

1 4.2385" 0.0397 0.4018 0.5263 - -

2 3.8227 0.0221 0.6371 0.5290 - -

3 2.6842" 0.0454 0.7408 0.5277 . -

4 2.3069" 0.0563 1.3992 0.2320 - -

5 1.8502 0.1003 14.03117 0.0000 - -

T %, xx | xees B0 ATE ZE2ZE 10%, 5%, 1%2 LA x[oAM SHHES=Z {Foo|

stot= A2 ofolg.

F2: Autocorrelation LM AACS| A FIKEE AI|AME0| EXstx| L=t 2.
3. ARCH-LM AN 2| ?l—rﬂ"é% ‘ARCHE 7} &R otX| e=ct’ ¢
T4: White 482 HRIME2 ‘SELo[ct ¢l
<#4-10 > ARMA(1,5) 2& X7|o&a 3 o|EM AH
ARMA(1,5)
Autocorrelation ARCH-L i
Lag P-Value P-Value | White | P-Value
LM M
0 - - - - 3.7116 | 0.0000"
1 - - 0.3881 0.5334 - -
2 1.3648 0.2558 0.5338 0.5865 - -
3 0.9265 0.4272 0.6633 0.5746 - -




4 1.0803 0.3647 1.4069 0.2294 - -
5 1.2315 0.2919 | 14.8296™ | 0.0000 - -

T o, wx | eees B0 AHETE ZEZE 10%, 5%, 1%2] YAXM EAHMo=z 7olo|
stct= WS 9o|E.

Z2: Autocorrelation LM Ao FRIIMd2

Z=3: ARCH-LM AZXe A FI7H4E ‘ARCHEZI7} =X 5HA|

‘T2 Ao|CE o,

O = -

Aol ekgto]l EM SR Z=ct. 2.
o;l-:q. el
LS — . = -

F4: White 482 HFIHE2
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=
2y
o
il

<E¥ 4-11 > GARCH(1,1)=2& F=HZA 1t

GARCH(1,1)
LR
T ARMA(1,5) ARMA(0,5)

C 0.0006 0.1416 0.0006 0.2777
AR(1) 0.4784™ 0.0000 - -
MA(5) -0.1654™ 0.0000 -0.2361"" 0.0000

BAgA 2
C 0.0002™ 0.0000 0.0002™ 0.0000
a(6,) 0.0711™" 0.0000 0.0696™ 0.0000
B&,) 0.8397"" 0.0000 0.8392"" 0.0000
at+p 0.9109 0.9087




Log likelihood 2149.059 2145.948

T x, x| oo HEROL ATE ZE2E 10%, 5%, 1%2] LAXM SHAHLZE 7ol0|

ARMA(15) ¢ ARMA5) R3S EGARCH R399 HuuAgrog =
At F RS FAAY BRE ALV 1% S9FEstd §938 A
o2 Yewt 4 A

A~
I
=7 F] o A~ T

< ¥ 4-12 > EGARCH(1,1) 2& =& Z 1z}

EGARCH(1,1)

75t A 2
T ARMA(1,5) ARMA(0,5)
C -0.0006 | 0.4612 0.0007 0.4125
AR(1) 0.3248™" | 0.0081 7 -
MA(®5) -0.1750"" | 0.0000 | -0.2014™" | 0.0000
BAL g 2]
Clw) -0.7294" | 0.0000 | -0.6396"" | 0.0000
[IRESID(-D|GARCH(-D1/2]=« 0.1023™ | 0.0000 | 0.0782"" | 0.0000
REISD(-1)/GARCH(-1)1/2= -0.1837"" | 0.0000 | -0.2046™" | 0.0000
In[(GARCH(-1)]=3 0.8952"" | 0.0000 | 0.9069™" | 0.0000
Log likelihood 2183.218 2183.203

Fox, ex oo B50 HETF Z4ZE 106, 5%, 1%2l M SAHoz R

stchs AE ofolgt

HEdel WU RIS dotr 79l ARMAS) RE

ARMA(05) E¥S TGARCHEH O HtWAgr o= o] &ste] FHo3
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< E 4-16 > 45 150 2H[X7Hol ool AH

3 2uA7hE wse | 2NN o
ADF t-stat -1.2130 -19.1445™
. Prob (0.6708) (0.0000?
PP t-stat -0.7766 -40.3020™"
Prob (0.8248) (0.0000)
ADF t-stat -4.4129™ -19.1367"
A QA Prob (0.00213* (0.0000L*
t-stat -3.7087 -40.27782
PP Prob (0.0221) (0.0000)

T2 192 ROl EOM FFIHM0| J|ZHE S ool

o HAZAA} A

ARMA E3&(Box and Jenkinsl976)¢] AA AlxE= AAsAct HA
Az A7 7122 AIC, BIC, HQ AE QS o]&sti. 7 AR
FA7F S-S 2y At wvan & ¢ e, AR Ay

AIC 7]s¢ ARMA(4,3) BIC 7]+ ARMA(1,1) HQ 7]<¢ ARMA(4,3)¢] 2



< ¥ 4-17 > ARMA =28 AIC M &

22 #n

AIC
p/q 0 1 2 3 4 5
0 -4.63213 -4.63078 -4.63831 -4.64521 -4.64468 -4.6557
1 -4.63073 -4.65451 -4.65705 -4.65541 -4.65384 -4.65521
2 -4.63706 -4.65701 -4.65541 -4.65578 -4.65483 -4.65487
3 -4.64021 -4.65542 -4.65536 -4.66197 -4.66737 -4.66689
4 -4.63942 -4.65377 -4.65446 | -4.66763" -4.66637 -4.66732
5 -4.65028 -4.65387 ~4.65466 -4.66667 -4.6673 -4.66568
Fie2 HEe0l J|F0| osf MY SHNOR I Mt
< ¥ 4-18 > ARMA =& BIC 2292 HI1}
BIC

p/q 0 1 2 3 4 5

0 -4.62373 -4.61819 -4.62152 ~-4.62423 -4.6195 -4.62632
1 -4.61814" | -4.63772 -4.63607 -4.63023 -4.62446 -4.62164
2 -4.62027 -4.63602 -4.63023 -4.6264 -4.62125 -4.61709
3 -4.61922 -4.63023 -4.62598 -4.62839 -4.62959 -4.62492
4 -4.61424 -4.62439 -4.62089 -4.62986 -4.62441 -4.62116
5 -4.62091 -4.6203 -4.61689 -4.6247 -4.62114 -4.61531
Foe2 HB20l 7|F0| o5 MEHUE SHNHOR 1Y MY 2

< E 4-19 > ARMA 28 HQ ¥E29 Z3

HQ




p/q 0 1 2 3 4 5

0 -4.62897 | -4.62604 | -4.63199 -4.63731 -4.6352 -4.64464

1 -4.62599 -4.64819 -4.64915 -4.64593 -4.64278 —4.64257

2 -4.63074 | -4.64911 -4.64593 -4.64472 -4.64219 | -4.64065

3 -4.63231 -4.64594 -4.6443 -4.64933 -4.65315 | -4.65109

4 -4.62994 -4.64271 -4.64182 | -4.65341* | -4.65058 -4.64994

5 -4.63923 -4.64123 -4.64044 -4.65087 -4.64992 -4.64672
T2 HEQQl 7T ofs MEE SAHXMoZ JIE MEys 2y

ARMA4,3) 233 ARMA(1,1) B8 1% oA 44 A=k

A% @el #eld Anst ehgor mgel fo4g s F-%
o P AN BAHOE Fo Ao et uteby WEAY 3
< 93 GARCH# 23 AAel <A ARMAU4,3) =33 ARMA(1,1) =
2o W PR oE Aasar,
< ¥ 4-20 > ARMA(4,3) =8 HME7|& Z1f
Variable Coefficient Std.Error t-Statistic Prob.

C 0.0009"" 0.0003 2.3634 0.0085
AR4) -0.0665"" 0.0229 -2.9030 0.0038
MA(3) -0.8816™ 0.0208 —42.4663 0.0000

R-squared 0.0482 Mean dependent var 0.000855
Adjusted R-squared 0.0427 S.D. dependent var 0.023844
S.E. of regression 0.0233 Akaike info criterion -4.66118
Sum squared resid 0.6575 Schwarz criterion -4.6276
Log likelihood 2841.9950  Hannan-Quinn criter. -4.64854
F-statistic 8.7388 Durbin-Watson stat 2.00305
Prob(F-statistic) 0.0000

o A7t Zt2E 10%, 5%, 1%l AIXoM SHXH2=Z Fol0|st

< E 4-21 > ARMA(1,1) 28 FEI|=E

2

Variable Coefficient Std.Error t-Statistic Prob.




C 0.0009™ 0.0003 2.7450 0.0061
AR(1) 0.8258"" 0.0435 18.9936 0.0000
MA(1) -0.9171™ 0.0309 -29.7250 0.0000

R-squared 0.0255 Mean dependent var 0.0009
Adjusted R-squared 0.0239 S.D. dependent var 0.0238
S.E. of regression 0.0236 Akaike info criterion -4.6562
Sum squared resid 0.6732 Schwarz criterion -4.6436
Log likelihood 2833.9410 Hannan-Quinn criter. -4.6514
F-statistic 15.8494 Durbin—Watson stat 1.9032
Prob(F -statistic) 0.0000

wx | owees B0 AHpTE ZEZE 10%, 5%, 1%2] LAXIM SAHM2E Folo|st

*
Ch= A2 2olg

A7) g o] EAeA gL, o]
13l Autocorrelation LM 4,
Whited A4S AA]stAth. ARMA4,3) 233 ARMA(,1)
A= A7) e Ao FelHglon o4k o] &

Aot gk opAEIIE A Wl GARCHTF 2F< A7

< ¥ 4-22 > ARMA(4,3) =& XI7| Atz 2 o| 24 HAA
ARMA(4,3)
Autocorrelation | P-Valu ARCH- ) P-Valu
Lag P-Value White
LM [ LM e
0 - - - - 3.2666"" | 0.0000
1 - - 10.9713™ 0.0010 - -
2 - - 14.4383" 0.0000 -
3 - - 10.0168" 0.0000 - -
4 - - 7.4930"" 0.0000 - -




5 0.8276 0.5280 | 12.5200" | 0.0000 - -

T %, xx | owxws BIEO| AHTE ZEZE 10%, 5%, 1% AAH XM EAHAMo=z {olo|f
sick= #AE 9lolg.

F2: Autocorrelation LM AH S| HFIEE A7

Z3: ARCH-LM ZHe| #F7tMdE2  ‘ARCHEf7} &R stX

F4: White A™el RIS ‘SENO|CH &,

< E 4-23 > ARMA(1,1) 2& Xx7[akz 3 o/ Z&t A4

ARMA(1,1)
Autocorrelation ARCH- )
Lag P-Value P-Value White P-Value
LM LM
0 - - - - 48367 0.0000
1 - - 11.4086™" | 0.0008 - -
2 2.3723* 0.0795 | 13.6218™ | 0.0000 - -
3 1.6903 0.1673 9.470™ 0.0000 = -
4 1.6937 0.1500 7.0585" 0.0000 - -
5 2.1363% 0.0588 | 16.0704™ | 0.0000 - -

T %, xx | owxws BIEO| AHTE ZEZE 10%, 5%, 1% A XM SAHMo=z {olo|
sict= A2 2lolg.

Z2: Autocorrelation LM AXMe| HFIMMEE ‘XI|AEo| &

3. ARCH-LM AH™ el #HRI7I42 ‘ARCH=Z7F EMsHA| Z=ct.’ .

T4 White 2™o #HFIMMEE ‘SE4tolct” &,

. GARCH® 239 34 2%

GARCH =®E3e #4F wAdga F4 A3y ARMA(,1)E32> ARCH,
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P = ARAALE 717te] R4l A AAD AR B HAT,

webd S TAEA @abol wAT 7t

<I 4-29 > 2230 2oivtde ctelz #H

T & 7+4 S} 74 3
App L Lstat ~1.5471 -37.0315""
a9 Prob (0.5094) (0.0000)
pp t-stat -1.2187 -38.7873™
Prob (0.6683) (0.0000)
App | tstat -4.4374™ -37.0161"
ARG Prob (0.00193* <0.00002**
op t-stat ~4.1124™ -38.7682"
Prob <0.0006> (0.0000)

= . o
T ixxx=

1% Fol=Fo|M FFIHMo| 7|ZE S

o HAAF A7

= °ofolg.

ARMA X3 (Box and Jenkinsl976)2] 44 A& AASAT. 4 A

A A4 71Ee AIC, BIC, HQ AR 1S o] &atairh 2t dracle] &
A7F AeFE 2y At =va & 5 e, AR A3 AIC

A
715 ARMA(2,1,4) BIC 7]+ ARMA(,1,1) HQ 7]+ ARMA(2,14)%] 23}
7V ysgkom ZF AH Qo wEt AR A= 1AIAFS} 4A1 A7 A H A
o it o] FE P MAZE 1Ax9}F 3A A2 AAE AT

< ¥ 4-30 > ARMA =28 AIC dE2¢9l A3}

AIC
p/q 0 1 2 3 4 5
0 -5.65697 -5.65926 -5.65891 -5.65749 -5.65925 -5.66555
1 -5.65898 -5.66538 -5.66376 -5.66226 -5.66437 -5.66761
2 -5.6587 -5.66376 -5.66209 -5.66149 | -5.67969" -5.6787




3 -5.65706 | -5.66227 -5.6615 -5.66715 -5.67831 -5.6771
4 -0.65718 | -5.66488 | -5.67766 | -5.67881 -5.67609 -5.6774
5 -0.66467 | -5.66873 | -5.67862 | -5.67774 -0.67627 -5.67651
F2 HEeol J|R0| ofof MuE SAMoz Ja MEH 2
< IV-31 > ARMA 2@ BIC EER¢el Z1
BIC

p/q 0 1 2 3 4 5

0 | -565381 | 565452 | 565259 | 564959 | -5.64977 | -565449
1 | 565424 | -5.65906" | 565586 | 565278 | 565331 | -5.65497
2 | 565238 | 565586 | 565261 | ~565043 | 566705 | -5.66448
3 | 564916 | 565279 | 565044 | 565451 | 566409 | 56613
4 | 56477 | -565382 | 566502 | -566459 | -566029 | -5.66002
5 | 565361 | 565609 | 56644 | 566194 | -563889 | -5.65755
Fox2 Hueol J|R0 ofs) MEE EAHo= Ja e oy

< ¥ 4-32 > ARMA 28 HQ HE ¢l &3
HQ

p/q 0 1 2 3 4 5

0 -0.60381 | -5.65452 | -5.65259 | -5.64939 -5.64977 -5.65449
1 -0.606424 | -5.69906 | -5.60586 | -5.65278 -5.60331 -5.65497
2 -565238 | -5.60586 | -5.65261 | -5.65043 | -5.66705" | -5.66448
3 -5.64916 | -5.65279 | -5.65044 | -5.65451 -5.66409 -5.6613
4 -0.6477 -5.66382 | -5.66502 | -5.66459 -5.66029 -5.66002
5 -0.60361 | -5.65609 -5.6644 -5.66194 -5.65889 -5.65755
Fo2 HEeol J|F ofs) MuE SAHo= JA HMEH 2y

ARMA(@24) 233 ARMA(,l) 282 1% FoFFidA AA Alak A



T wol Feld At dEsten Ry fojdE on

P-3k g BAF R Folgt Ao w Yt uhehA

3l GARCHF

Gt AN e AR A

28 AA kA ARMAR24) 233 ARMA(LD)

< ¥ 4-33 > ARMA(2,4) =2 HEI|FE Z1}
Variable Coefficient Std.Error t-Statistic Prob.
C 0.0003 0.0003 1.0400 0.2985
AR(2) -0.7939" 0.0709 -11.2043 0.0000
MA(4) -0.1109™ 0.0317 -3.4995 0.0005
R-squared 0.0322 Mean dependent var 0.0003
Adjusted R-squared 0.0274 S.D. dependent var 0.0143
S.E. of regression 0.0141 Akaike info criterion -5.6813
Sum squared resid 0.2399 Schwarz criterion -5.6520
Log likelihood 3461.2490  Hannan-Quinn criter. -5.6703
F-statistic 6.7091 Durbin—-Watson stat 1.9925
Prob(F-statistic) 0.0000

< ¥ 4-34 > ARMA(1,1) =& dEI[&

wx e B0 AHlpTE 2EZE 10%, 5%, 1%2] LAX|M SAM2=E Folo|st

Variable Coefficient Std.Error t-Statistic Prob.
C 0.0003 0.0003 1.1710 0.2418
AR(1) 0.7880" 0.0862 9.1438 0.0000
MA(1) -0.8549" 0.0726 -11.7742 0.0000
R-squared 0.0117 Mean dependent var 0.0003
Adjusted R—squared 0.0100 S.D. dependent var 0.0143
S.E. of regression 0.0142 Akaike info criterion -5.6670
Sum squared resid 0.2450 Schwarz criterion -5.6544
Log likelihood 3448.5490  Hannan—Quinn criter. -5.6623
F-statistic 7.1596 Durbin—Watson stat 2.0019
Prob(F-statistic) 0.0008

= .
*
T K, xx

woees B0 A =TF ZE2E 10%, 5%, 1%2] LAHXMAM SAHXMS=Z Foo|st



AARCH# RE&@ o= 43t7] flajir= A7|dae] x84 &L, o]
BAbe EAsfoF k=], o]& HAASH7] $18] Autocorrelation LM A,
ARCH-LMAA % Whitefd d-& AAlsl3th. ARMA((2,4) 5% 3 ARMA(L,1)
2] AR Ade Ar|de] e Aow Yo FAkdel &

AskA i oA BIIE A witel GARCH# 2dS AAsH] el

A=

a
=
A
e
oY
0z

< ¥ 4-35 > ARMA(2,4) =& X}7|At

ARMA(2,4)
Autocorrelation ARCH- )
Lag P-Value P-Value ‘White P-Value
LM LM
0 - = - = 21707 0.0217
1 - - 6.1347 0.0134™ - -
2 - - 3.1218 0.0444™ - -
3 1.4041 0.2400 21112 0.0970 - -
4 1.3402 0.2529 1.7933 0.1268 - -
5 15219 0.1800 2.6060 0.0210™ - -

T ox, wx oo HEROL ATE ZE2E 10%, 5%, 1%2] LAXM SHAH2ZE 7ol0|
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