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The Dynamic Causality of Mackerel wholesale and retail prices
based on VAR

Woo Sol Kim

Department of Applied Economics, The Graduate School,
Pukyong National University

Abstract

The domestic mackerel production has had problems of decrease of its
fishing since 2011 and product quality decline due to increase of catch of
premature fish. Therefore, price fluctuation of mackerel, common fish dish is
increasing and the concern for stabilization of dietary cost’ of people also
becomes serious.

Accordingly, this - study- aims at conducting causal relation analysis and
dynamic analysis through VAR among time series analysis methods by using
data of the actual whole-sales and retail prices of mackerel by date from
January 4, 2010 to August 14, 2014 and the actual retail prices of mackerel by
region(Seoul, Pusan, Daegu and Gwangju).

In granger causal relations of the actual whole-sales and retail price of
mackerel in Korea, the whole-sales price had causal relations with the retails
prices and in VAR model analysis, the whole-sales prices had unilateral
influences on the retail prices. In the dynamic analysis results using Impulse
Response Function and Forecast Error Variance Decomposition Analysis, like the
results above, the retail market had influences on the whole-sales market.
Therefore, in order to stabilize the retail prices of mackerel, stabilization of the

price in mackerel whole-sales market should be priority.
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As a result of the analysis of granger causal relations between retail prices
of mackerel by region, it was causal relationship from Seoul to Pusan to Daegu
to Gwangju. In VAR model analysis, retail prices in Seoul, Daegu and Gwangju
showed mutual circulatory relations while those in Pusan and Daegue showed
circulatory relations. In Impulse Response Function, for the outer impulse of
retail price in Seoul, those in Pusan, Daegu and Gwangju were hugely affected.
As a result of Forecast Error Variance Decomposition Analysis, effects of retail
prices in Seoul shared huge part of those of other regions. Therefore, in order

to stabilize the prices of mackerel, solution to stabilize those in Seoul should be

priority.
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| clatel S0%el4 olgel ) A AAY 5

1o
N
Auj
o
L
(o
fu
bl
2
ot =
i,
_,VL
X
BN
s
i

He 49 A 54 Abo] 17149
HEAY Fol7lE A3 7ol AFolgoel 7HsshARE 9~12€ ] AZE
o] & o] 60~70%F 13Tt LA TFAZ ofFQd FA FIjAo] Zst
7] Wzoll o]go] H= FA 7hgAolH R ol SAE SFEH
= Aol Foh EI HIToe ALY WHE Fo] =] wjEel, o=
Z5o wgt 7149 W3 9 At G M-DE 97 150 AR
Uebd 22 43 YA st Fols S & Aok folA AW
A Zo] P e Fol7]Qd 447} 5doA o o FLE mug Ao
E o fdon, 1599 dEE o Fq gio] A oY o
A S FATE 2-olE A Ed & ¢ AU

(Etel - M/T)

12 22 32 4% 5l 62
20108 | 5403 | 2957 | 1431 498 596 1733
20118 | 7,144 | 6182 | 5348 | 3538 | 1046 | 1,982
20128 | 25099 | 5117 | 3,702 954 2272 | 3,019
20134 | 18170 | 1671 | 2076 | 1,042 460 2,149

72 82 92 102 11g 128

2010 2,751 4,550 15,218 38,433 13,654 7,107
20114 2,721 9,984 21,272 42917 13,342 23,253
20124 8,136 9,080 10,939 15,980 14,200 26,646
20134 4,976 10,682 16,515 7,786 14,078 22,510

&2 . F7FE A EE (http://kosis.kr/)

2) 12983 24 181 280| S4, 2¥H INOR F 6HO= THE MEio|H, 123
S2M CjaoiSe oflsts OMQE casioly & b =7t Ack 20124 7|E
ol offlze it Lt

Olof | ChoiMor [ oxpar | Ay | Asidor [ aolor [ orzrgr [ Jler
of=laft) | 117,444 1,981 2,111 1,260 559 257 1,488

_‘|2_
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(23)
A

14
HE (http://www.kamis.co.kr/)

d 5 (www.kamis.cokro| E2H S
- ‘|3 -

38
12
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[0, M-4}= 25o}e) 20004, 20124 ZakAe] B v &ol i wlw
olth 20009 1Fole] F& FFHAGL 835%7F FHOE, FAA &
HEE BEeY UREE AAMNAL I HF FYS SEAY, AR

otk 20129 Fa ESA Y A Fatow F389] 67.1%= AA s}

2000, 2012\3 i15o] =3l Hl&

o
o 16.4% TAasAoH FUs
o]

R,
Zaul e 4 I 20% F7HshTh ol
A2 4E4 Qe T 150l olggel gagel wek, mFo] FYol
Z7kstg7) Bolth 150} Fa AT A Lol FF, YR
Fol glek
B4
o
W 2012
1.00% B 2000
HE= :
0.80%
hm
7|Ef
4.40%
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00%

A& 0 MEASTLAAZ S AL (http://www.garak.co.kr/)
[13. m-4] 20008 =9} 20124 10| E5tX| 3 H|E0] CHT Hlw

algole] AR <E. M-2>04 RpA5] &l 4 Qltt. 2012E 7

F ATIA Vg wol LSolE AU R w=29ol= oF 42,122,356
ge2 200 ot 5ol 29 UA F o 67.3% AKstL 9o
o 7 HE FR Yeol| 212} 12448331829 4,304,176 2 K7
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o] Lxt 20114

Fol 20119 ofe] 20129 L2o|M9 150 +%
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v || 21 bo ] [ ]| D) o
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MY ([T (S| oo o|lo|
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|
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SHE (http://www.kati.net/)
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A N A AZFATFo EA7Y

Ald G2 2H

HAY AFEAAA o] &HYA A5E o] A5 AA7} onqEH AT

(Stationary)= AAE 7FA2 4L SIFAIT @AY dFEE AA<E

v B4 4(Nonstat10nary)§ 7tA = Ao 72 eyt

EUAALES He AAE AEE 72E AFEAS HAASHA HE AA

ojul gt HFABAES A A FEsHAT At o E Tt
& (Spurious Regression)o] A71A v ©@ZS 7}

A AAY AEE AT ol&2 A, HFsE 4 AABAE A
ZFAA A mP ol AuE e YehE RES A /HAH HRo =
7hgholl whet t-sA S R F-SA =Y kol AX = Aol UeuA o
Ao AAE ARE 3AEA AHEE + JEAE AF0] a3, o]
£ #odsts Wyl viE &gl A8 Unit Root Test)olth. (F&-%, ©lgh
2], 2010)

4ol 2o F52 AAS= 3R o= DEDickey - Fuller) @92 HAA 3
ADF(Augmented Dickey - Fuller) @91 77, PP(Phillips - Perron) © <
+ AA I KPSS(Kwiatkowski-Phillips-Schmidt-Shin)s o2 @9 HAR
Hol 9xut B A= ADF @92 AA, PP 9= AA 18

L

KPSS @9l AA S A3l EA3H)

mln

<]

Kl

1) Augmented Dickey - Fuller(ADF) @9 & H A
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DAY, :ﬁbYt—1+Z5¢AYt—z’+€t

=1

@AY, :O‘+¢)/t—1+z5iA)/t—i+€t

=1

BAY, =a+pt+¢Y,_ + Y ,5AY,_,+e

=1

ADF &9 AAANAE A73A B8 AY,=¢Y, | +eol X257

&(Augmented Terms) » 0.AY, & F7tete] eatdolAo] 47148 &
=1

AE sidste= Zloll oos 7ok ARF71e] AlAF ne, nol X—}%-’F
£ a3 A7 GH EA7E EASHH, no] AAAARG ZF A A4
Hol Zags 7o 7o AaE 248k ok 3t} ADF E]'—‘H-EL AAL
RS HEld o g Qs £3] 2ole ABWROIAT A2FY o/ EA
(Type 1I Error®E 71 4 Sl&s frostoiol 3o

2) Phillips - Perron(PP) &9 A4

DF @9 A4S 248 ¢7F AT 48 54948 7HAe BHE
X5 wEna JHAste, ADF &9 HAAAE x3d78 A= 4

F
o] glom dAZ B4 Ad

e A 717 7HEer v AR
HEo] AAIE A5l a2 oA} A4S JHAE Aol ¢
W2 o]t} Phillips# Perron Qx}gkol] o] EA4te|u; 27| dde] S A%

) M 282 2F (Type I Erron= #F7tE0| AXNYON = =5t O] 7[43HA| H1
MEStE As LR olo, X 152 2F (Type I Erone FF7tE0| Y= =

Tt HREZHEE 714510 TEVHE S AEStE AS Eothh
5) ADF Lo ZAXMo| Oo|2X J4Ee 0| (2007), AHZAKN S, EIHAL pp.879-8802]
e EelotALt.

_‘|7_
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@ Y, = a1y 1o
@ Y, =k 1a0¥; 14y
&) Y, = k’2+5[t - (1/2) T] 1 a3y 1 fus
@] HolA Te EHe| A5E Bakm 2Awre] o Baka 274k
2 gse, PPARC A 25
al

AL /\]—Q-E]— A3} zpo]E F=T}.6)

3) Kwiatkowski-Phillips-Schmidt-Shin(KPSS) &9 HAA

ADF ©912 7% PP 912 oM AR bdol welzo] =4
Brhe AolAR, KPSS B eI ARSI AE AR o) Soz Helmo

]
ZA5A] Fets Aoz, A 1F 7Y EAS AA% dZ AA
o

Holth KPSS &9l AR oA = otefel 374 Tt 7+ & A

t

Y, =a+8t+dY u.+e
k=1

9 AHelA de 0EE 1e 7 Ae 7k, A AAIER] A

oo d7b 00] Hojokahm, u,9h ¢ = WOEe hAA ek AlA Dol

o
el
>

6) ppE}-OlZL 7-|I‘|O| OlEO [Xe:PS| (2012)’ -CI-;_}__('D_ EiDH7}'7—:‘|J—'_|' _)'\_I:II_

—— 1T o

4 24, MAHER, ppls-199] L8 FaIHYCh

n7|7tAel A

_‘|8_
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AT HANAE d9)9) BpEo] ojm @ Aok MAsH=Ttel whet
gebzink KPSS whel2 Aol el AR HelA d-02A AAL A
grAl osl e dehie dAsE HolA de) Ae e
AAE AAD dHYS JERRAl Fh)

A2 A JARABA A

D 72## <l3}3#A(Granger Causality) A3

AENE P A, owI AgTE Ao ouE Wert 4
HHFJAA A gk A AAo] 2ol oln] ZAE AOo=E By o] <l
HAAE A48 AEE ol&sty &t Zo] BHFeo Woltt. Ty
A1 Ayt BSATE A, @AY wHg 22 WE 5 glor,
ol 3 ZAE st A WHel HEE Granger7t aQkgk 1A <l

A BA AFANAE Z2e] ME Xoh Yol AP oS Hust
°H WEEY AAY Aol T A 7 ol thael 4
3 o] Uebd 4 k.

23]

20

Y, = ,u+Zoth Z+25 -—|—elt

j=1

X, = u+ZAXt Y0V ey

j=1

7) KPSS thelz dE9| O|E2 &34 (2012), ohe =AOf7tAL it AN7(7HA9)
tAd 24, AA=E, ppl92| WES FelotRiL).

B QM ommA Ao oj2e HY+, B (002, AVAMAZEH, NN,
pp.349-350, 2|1 8N (2012), o =A047tZ D QA o
A, HAb=E, pp.22-240] Lig& Fe[st ALt
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O 1HHA HAA olF A Ae v Zoh
O AT Hy: Y e, =0, XE Yo 90w Zr} ofyrt,

WM H Yo # 0, XE Yo 990w
@ ol A3 2 A 3 E24(Restricted Regression)S A g},
o=, F¥E Y&l disl dA YE SFARHsH 97|14 FqE XH5S
Al 9] gkt

T WAAFE (RSSHS T3t
@ o2 27 & mlAeF 3 A& (Unrestricted Regression)S 4 Al gt}

k q
Y, =p+ Zaine—z'+ Zﬁth—jJreu
i=1 j=1

vl oF AN AR & IAA S (RSS < T30

| (RSS,_RSS;z) |

© = RSS,p
(n—k)

]

A71A me FHE MFO| Agoln] k= wAl FHAFHAA F4
¥ =(Parameters)?] =& e

® ek F'> FIAReIE AR Hg 71z, F < Feold o

_20_

Collection @ pknu



spof 4

o i

bt Ul b B

)

o
=

el

o] 2 gk

gt

A

gt thest 2.

<E.IV-1> 73X

vl
il
-
.....oV|VAV|._M._
i
x>
om___t_t__%
ol RS
w7 | B
| RN
ol|alalT
M._E
|
ol
(@)
__ - -
| | | &
S IRININT
HO
(@)
I N
N.wz NEF AR
S INRINK
HO

2) Vector Autoregression(VAR) =& #4]

S

73 A
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e 7hA o

<= ZAlolEol 2
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bo gtk 2 PER

S

a3
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et
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EEMEREER
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olof Sims(1980)7} 1%
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]

& obgel 4]

(€]

A 12+ VARE
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QX LHEsel LY
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=

=2t 0f
HEx(2013) &
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Y, =pitm Yo Yo tey
Xy =pat ¥ Y1 Ty, Tey

A Aol e, 9tey= 2AFOIH, L 4, # 0 LA, X2 o] Fho] YE

AR onsie ofeer ol U
Y, P1 ) (711712)()/15—1 ) (6115 )
= + +
(Xt ) (Pz Yo Voo  \ K¢ -1 ot

9lo] Ale ulE] Y/ZE UEeliA =

o

e
o

s

4 o

—

Y=p+ LY, i+e (& ¥V=(¥V,X) 18 ¢=(epe))

2 stojabe kol WlE Y, 9 VARDE thew 2ot
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0
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=
o
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Yol A FAFZHE = Sd 7] Ealo] o5t

Q=ADA = AD?D2A’ =SS

o} Zo] Yyrtilw A= FuigAde] 181 siabadi&dower triangular
matrix)e] ™, D&tz dolet. 8 A 9y HS o] &3 (nxDe 24t

Y w,E YElWE ofele] 43 AT
u, = A" e,

sl A WANARY, yAd=¢ o7 ol YPAo= W = U

Ay,

(10 0 - 0]|u| e
Qo 1 0 ---
a3y A3y 1 ---

-}

£
¥

)
¥

o
=
I
™
=

[ Ay O Qg ==+ 1 | |
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0AF & g0 ARAFER A7) ARPASG FBUAS 7HAA

BoroZ, y, JA IEFHE FBABAE JHAA Fevh a8 HEE

to

A Wy yo] 74 das AoldAE dAHECAAE A2 aBAE

AR e-g okde] HelA Hel sbssitk

E(utut') = (A_l)E(etet')(A_l)
=AY
=(A"NADA (AT
=D
A= D (i,5)d8 it AMEA Zold exighdee] iHae ax

VAREFA t7]9] oS 4L ofgel o] Aeldn.
Ets :yt+s_:& s = Ers TV g 1 T8 g ot 184
a3 s7] =9 HFAFLAXHMSE, Mean Square Error)e the-9

4 2,
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~

MSE(:&y-O-S) = MSE(St,S) = E[(yt+5 o :&y#—s )(yt+5 _yy+5),]

=+ 0] +0 00+,

A yoll AF 571 Fo AZA gy, 0 ASeelA jHA A
Uetts 340 akAste HiES Tt Zo] ALEnh g5 Husid
oAb u,E JERE thsd
g = Au, = ayuy, +ayuy, + - t+a,u,,

N=E(ee)=aa, « Var(u,)+aa, « Var(uy)+-+aa, « Var(u,)

9 FAe gelste] olejsf e A8 BEL

MSE(y , ) =2Var aa +Wae Y + Va0, U, aaj'WS_ll]

AR E Var(uy,) « (oo +Waa/ W) +Waa W) + -+, _aa/Y, ")
o jHA HmeHu )7t 571 F AFezte] HaAFeate dvivrs
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A VA AFEY

B AT B o]§8 1Tl % &vHAT AGE wistAe
FFEFHERETAL ARoIM, 717 20108 19 4Ll A 20149

e 2 FL Aol EF

8¢ Y= #A=4 A5 = LI07M(F

AW AAFLe 4t FL EAGE, B BT, BRI, = - L
AR AN avitd BT Q@S Ao uBstel Ags
Qom, B AeE dslE 250l A4Ae lkgd sHAolt

150 = - aurtEe Jlx BAFANA, TuztAS HHE 74 40549
7k 6,6219 H4gk 2604Qe)m EFHakE 700.2860) Atk AwjrrA 9
A% B AL 102179 Adg 147989 121 HEgS 6615902
o, FFHAE 1,725.6410)0t}. ool HIFo] AvjrrAe A$ Zujr}
ol

Aol wls) AR HaA 2A Vehon ot fEUIY fFelA
MEHE Zolg wHEh o]9le] NEEAFE the G V-1>o AA
9r), (13, Vo112 S0zt avjsbge] 4d47bA o= e,

A He2es AAF AF e 7H4 Aol 3ot

=
BAshe o2 ee ANER AAY BAL F AT Bl o
o}
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<#. V-1> 150 E-2047tH2| 7|x SAE
L] e
Bt 4,054 10,217
S 3,980 10,003
BEZHA} 700.286 1,725.641
A 2,604 6,615
A 6,621 14,798
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T
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[12. V-1] 150 £-A0f A|%

2) = &avj7t4 e &9 A

Collection @ pknu

3] A(Spurious regression) A
= O

AA T
}\

A AAL ARE FH



T8]3 KPSS @9l AR S AFESt AAIE HHAAES gt

2010 1€¥ 49%E 20149 8¢9 149714 = - &mjrbAe] &9 AA
A Tuj7tAd el ADFAAR T PPAARL Z+2zF pgk 0.0529F 0.072 10%
FoFzom ARINAEL 7|ZDslY o, KPSSHANAE LM-3E 0.200
o7 5% foFEdA AFIHEES AYstd, HFTHoE ZurhE oA <]
G2 EAEHA ¥ ALE YEgth

Zuj7bAe] A9 ADFAA T PPAAS Ax 27 pzk 0.0003 0.002%
el 1% folFEo® AF7HEE 7148 o KPSSAB oA LM-
# 0.2542 5% fFo|FEollA AF7IA S AFste] Aoz ALujrtE
M DL EAHA e AR UER

AZR o R 150 ¥ . Auytd AdAztAe %%—E% EABHA] Fko
o2 A4 7E A5E AREStY B4 A 5 A FHAT ol o
Els %‘ﬂzﬂ,ﬂ AfE (F. V-2>94 &gl - 9211}.

.

l

<HE. V-2> E-AOD7IA g2 Ad Zat
L = 20
t-Stat -2.850 -4.467
ADF
Prob. 0.052* 0.000***
t-Stat -2.726 -3.937
PP
Prob. 0.070* 0.002***
LM-Stat 0.200** 0.254**
KPSS
5% level 0.463 0.463

F) %, e 242H0%, 5%, 1% RAST0IM SAHOR Q32 LML

11) ADF, PPEE | 32 'HRIHa(H)S EH9I20| ZXBCL o|of KPSSHH | 23S
7 o9l R IRL(H)2 EHRI20| EXOIR| Lt ofch
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3 = - &vj7tE VAREFH Y AR A

VAREFS g3 SslA, B AFeldE  RAddel g
Sequential Modified Likelihood Ratio Test Statistic(LR), Akaike Information
Criterion(AIC), Final Prediction Error(FPE), Schwartz Information

Criterion(SC), Hannan-Quinn Information Criterion(HQ) AR 7] &< A}F&3}

of LR, AIC, FPE, SC, HQ AR 7|FEo] HArt HeE AlAHE 2470

ofel tig &2, = - &mZbAcd A HAA Ao gt

A=

V-3>3 Zo] AIC, FPE, SC, HQ AR 7]Fe] HAVF He= IAMAE Ut
H, o] AP HANME 1A2AE A8t £4< P To.
<H. V-3> E-A00 A|ES| AIX} 2 Zi}
Al K} LogL LR FPE AIC SC HQ
0 -18,876.89 NA 7.84e+11 33.063 33.072 33.066
1 -15,377.16 | 6981.080 | 1.72e+09* | 26.941* 26.967* 26.951*
2 -15,375.26 3.778 1.73e+09 | 26.944 26.989 26.961
3 -15,374.36 /95 1.73e+09 | 26.950 27.012 26.973
4 -15,373.83 1.057 1.75e+09 | 26.956 27.035 26.986
5 -15,373.13 1.388 1.76e+09 | 26.962 27.059 26.998
6 -15,365.94 | 14.207* | 1.75e+09 | 26.956 27.071 26.999
7 -15,362.50 6.801 1.75e+09 | 26.957 27.090 27.007
8 -15,360.77 3412 1.75e+09 | 26.961 27.111 27.018
- 30 -
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4) E- A7k IR AAB/A HA

VAREH S AN 5 auibAe] A INHE S & 5

o ool E ATelAE TUA ARBA ARL B WE 1H
FEE AT 5 Utk =R A B2 o PHHL
AR 1A% 9 3N AR Sgstel AmnslE Gt of
A AA ARE G V-2 Y

%0
2

L2 N of
H o4
rQEE
2 8
o
:4_

ARARE FAARA HAHAAR] IR ME 150 Zujrtze]l 1
ol A7t e] FAACE FositteE AL AT F Jom I ol
5o aujrb4oe] aFe ZujrtAd fodkA] X AS E F 3

HheEA] 891 93l 24129 3A) e AT ME 150 Tujrlhe] 1
0 amZHAd o FF= T AR Ugen I 92 4HsHA
B o= YEHH

<®. V4> J3A elapsA Y 24}
Al & AlXH 1 Al X} 2 AlA} 3

571 F-Stat | Prob. | F-Stat | Prob. | F-Stat | Prob.

AD|7}Z->Z 072 | 0015 | 0904 | 0280 | 07555 | 0199 | 0.8970

SO|7}Z-->AO 7} | 7460 | 0.006%+ | 3784 | 0.0230** | 2376 | 0.0685*

F) %, 0 e 24ZK10%, 5%, 1% Ol4E0A SAFoR 9232 et

5) © - 25714 VARZE 24

_3‘|_
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<#E. V-5.> 1350 =-2047tH2| VARZRY E4A Zu}

NIAAAE

) t-statistics in [ ]9t =X|= t-

=074 A0471H2A
oD 0.988 0.067
[ 168.982] [ 2.731]
A 0§7424(-1) Ales 0949
[-0.121] [ 94.932]
51.716 256.111
v [ 2.646] [3.113]
R-squared 0.979 0.938
Adj. R-squared 0.978 0.937
Sum sq. resids 11,988,402 2.13E+08
S.E. equation 102.279 430.615
F-statistic 26,271.77 8,629.348
Log likelihood -6,946.096 -8,597.789
Akaike AIC 12.096 14971
Schwarz SC 12.109 14.984
Mean dependent 4,055.627 10220.39
S.D. dependent 699.4590 1724.179
Determinant resid covariance (dof adj.) 1.69E+09
Determinant resid covariance 1.68E+09
Log likelihood -15,465.11
Akaike information criterion 26.930
Schwarz criterion 26.956
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2) A9E &vjrtA e &2 AA

2010 1¢€ 44 F¥ 20143 8€ 14U71A] A 9E Auj7bA 9] @9 A
A Adxe g V-7>3 Zoh

A& ADFHA 3 PPHEA A3 e 42 p#k
1% relsEd 5% FolaEoz AT/ S 7148kl en, KPSSH A ol A
o] LM-#t2 0.158=% 5% oA #AF7HES et d@9Zo] gl
ANAEAER FJAHAT. F4F o7+ 183 FF9] ADFA
T 1% FelaEodA AFHES 714t o
5% ool AFTHEE sty 30
Ao= FAFIU

0.0063} 0.0425 EFL}

71

o o

A% e 24 o7 az
t-Stat -3.623 -4.884 =4.093 -5.675
ADF
Prob. 0.006*** 0.000*** 0.001*** 0.000***
t-Stat -2.934 -4.451 -5.638 -5.150
PP
Prob. 0.042** 0.000*** 0.000*** 0.000***
LM-Stat 0.158** 0.360** 0.266** 0.236**
KPSS
5% level 0.463 0.463 0.463 0.463
) ¥, %, e ZH210%, 5%, 1% ROISEM SAXCR Ro/8g LEC)
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3 AHE &vj7b4 Alxk AA

VAREHS &83}7] afjA], 150
np371A 2 LR, AIC, FPE, SC, HQ AR 7]&S AH&3}
o] H4vt He Ak AR WHEES A
oAt ol INAZE AAZAIAZE e &t en o]Fo] 313y
Aol A 1A2HE ARESEe] 43

<E. V-8> X|o D50 2047zl ARt ZF Zat

Al K} LogL LR FPE AIC SC HQ
0 -41,950.59 NA 9.55e+26 73.476 73.493 73.482
1 -37,178.39 | 9,502.616 | 2.30e+23 65.146 65.234* 65.179*
2 -37,153.72 48.961 2.27e+23 65.131 65.290 65.191
3 -37,121.45 63.804 2.21e+23 65.102 65.332 65.189
4 -37,104.99 32429 2.20e+23 65.102 65.402 65.215

-37,088.51 32.344 2.20e+23 65.101 65.471 65.241

-37,064.54 46.902 2.17e+23* |  65.087* 65.528 65.253

-37,053.07 22.348 2.19e+23 65.095 65.607 65.288

o | N[ o | Uy

-37,034.10 36.853* 2.18e+23 65.089 65.672 65.309

H A9 &uj7bd 28A JAAgAA 2

VAREZ S AN A8 n5e] 2w AR INRE 2

AHon], ojag AnE wgow A AsuA AL AN

o A Avibg 2R ?liﬂr?{rﬁl AR ATFE ®. V-9>9 2
A 297 AABAZ SRR WA A7 2R
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<E. V-10> X|o® 150 A0§7tze| VAREZY 24 ZHa|
M= A CH TS
M2 (1) 0.956 0.001 0.026" 0.094
[ 98.095] [ 0.065] [ 1.788] [ 5.390]
=AY -0.005 0947 0.015" 0.004
[-0.853] [ 94.743] [ 1.658] [ 0.377]
D) 0.021" 0.030" 0877 | 0043"
[ 2.076] [ 1.757] [ 55.964] [ 2.307]
B() 0.015" 0.005 0.023" 0.864
[ 1.743] [ 0.333] [ 1.759] [ 57.270]
c 49.636 264.782 833.690 84.369
[ 0.543] [ 1.699] [ 6.005] [ 0.516]
R-squared 0.957 0.927 0.866 0.900
Adj. R-squared 0.957 0.927 0.865 0.899
Sum sq. resids 3.80E+08 1.10E+09 8.76E+08 1.21E+09
S.E. equation 576.377 982.551 875.197 1,030.495
F-statistic 6,413.095 3,646.377 1,845.219 2,582.284
Log likelihood -8,931.774 | -9,544.639 | -9,411.697 | -9,599.381
Akaike AIC ii5.556 16.623 16.391 16.718
Schwarz SC 5578 16.644 16.413 16.740
Mean dependent 9,529.213 13,334.310 | 12,469.060 | 11,486.160
S.D. dependent 2,784.670 3,636.985 2,384.949 3,257.737
Determinant resid covariance (dof adj.) 2.22E+23
Determinant resid covariance 2.18E+23
Log likelihood -37,394.83
Akaike information criterion 65.126
Schwarz criterion 65.214

Z= : t-statistics in [ 1919] £=X|&= t-Z}S 2|0|SHCt
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120

<®E. V-11> 1E0 TO{§7}4de| <E. V-12> S0 AD§71A9|
=Zo0f ciot Hr=2Zat =Z0f Cist g2 Za}
=047t 54 Al AD7HA B Al
7|2t T oj7tA 2047+ 7|2t S oj7tA 2047+
1 102.279 154.137 1 0 402.083
2 101.029 153.088 2 -0.115 381.404
3 99.792 152.009 3 -0.222 361.781
4 98.572 150.902 4 -0.323 343.161
5 97.366 149.770 5 -0417 325.491
6 96.174 148.615 6 -0.506 308.723
7 94.997 147.440 7 -0.588 292.812
8 93.834 146.245 8 -0.665 277.713
9 92.685 145.034 9 -0.736 263.386
10 91.550 143.808 10 -0.803 249.791
11 90.429 142.569 11 -0.865 236.891
12 89.321 141.318 12 -0.923 224.650
13 88.227 140.057 13 -0.976 213.034
14 87.146 138.787 14 -1.025 202.013
15 86.078 137.510 15 -1.071 191.554
30 71.534 118.167 30 -1.425 85.832
60 49.380 83.856 60 -1.298 16.164
120 23.517 40.365 120 -0.677 -0.365
180 11.199 19.240 180 -0.325 -0.523
Response of DOMAE to DOMAE Response of DOMAE to SOMAE
120
B0 " 20
A0 40 4
_ = o I
.|

500

L= e e
125

T
150

Response of SOMAE to DOMAE

400

200+

200

100

=100

LI
125

T
150

Response of SOMAE to SOMAE

[A8. V-4] 150 =-2047}A2| ZHo| Cljst
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AA S FFe] H WA A7ke] o

87.187%2] AFHL vz o]lF X&LKFHoF 7HAS oF 1208 °F 60%
o FFHANA IAZ HAUT o]} R = J-so] LwjrhAd ik =mj
7tAel d&FHe A WA 71ZF oF 12.813%°2 FIFHS Hl T AEHFH O
2 Z7bske 1209 oF 40% FFHolA ks =AU

AN o g Fo] 4viztAS mujzbAe AL IFS HIAA s,
Auj7EA & AlZre]l EFo mEp ErjzA o) JaFes HXHow wrom of
40 F FFHo] 3 FHUT
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<H. V-13> 1150 EO0{j7tZA9]
ol 52Xt 4HE5H

<H. V-14.> 150 2047179

712t =0{7tA 204 7HA 712t =0f7tA 2 047HA
1 100 0.000 1 12.813 87.187
2 100.000 0.000 2 13.319 86.681
3 100.000 0.000 3 13.830 86.170
4 100.000 0.000 4 14.344 85.656
5 99.999 0.001 5 14.861 85.139
6 99.999 0.001 6 15.380 84.620
7 99.999 0.001 7 15.899 84.101
8 99.998 0.002 8 16.420 83.580
9 99.998 0.002 9 16.939 83.061
10 99.997 0.003 10 17.458 82.542
11 99.997 0.003 11 17.975 82.025
12 99.996 0.004 12 18.489 81.511
13 99.996 0.004 13 19.001 80.999
14 99.995 0.005 14 19.508 80.492
15 99.994 0.006 15 20.012 79.988
30 99.985 0.015 30 26.777 73.223
60 99.972 0.028 60 30.053 64.947

120 99.963 0.037 120 40.337 59.663

180 99.961 0.039 180 41.434 58.566

Percent DOMAE variance due to DOMAE

100
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40+

204

Percent SOMAE variance due to DOMAE

100
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40 H
ZD—/ﬁ

7L L o o 2 o e o e L e
25 50 75 100 125 150 175

Percent DOMAE variance due to SOMAE
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Percent SOMAE variance due to SOMAE
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Pk A Age) 44 F20 B £AE s14 WEel Adts AL
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o] FATA BaFe B & Ao,
<H. V-15.> Mg AOj71ZHe| =ZHo| <&. V-16.> B A0j71Ho| =ZHoj|
CHor X[ 7t 9b2 At CHot X[ 7t 2b2Zaf
| Mg | R2& | oR | ZF |2 | M8 | 24 | o7 | 3F
1 576377 | 179.533 | 156.275 | 129.929 1 0.000 | 966.009 | 195418 | 158.700
2 555,530 | 176.066 | 157.813 | 173.776 2 1.690 | 921472 | 189.127 | 149.261
3 536.289 | 173.019 | 159.547 | 209.756 3 3.256 | 879.064 | 182.788 | 140.820
4 518472 | 170.339. | 161.324 | 239.100 4 4705 | 838.675 | 176457 | 133.236
5 501917 | 167.977 | 163.032 .{..262.846 5 6.046. | 800.202 | 170.178 | 126.390
6 486.484 | 165.890 | 164.591 | 281.873 6 7.285 | 763.548 | 163.988 | 120.181
7 472.050 | 164.036 | 165.948 | 296.922 7 8429 | 728.622 | 157914 | 114.525
8 458.506 | 162.380 | 167.067 | 308.619 8 9485 | 695.339 | 151.977 | 109.348
9 445759 | 160.887 | 167.929 | 317.496 9 10457 | 663.617 | 146.193 | 104.590
10 | 433.726 | 159.529 | 168.525 | 323.999 10 11.352 | 633.381 | 140.574 | 100.199
11 | 422335 | 158.280 | 168.856 | 328.507 11 12174 | 604.558 | 135126 | 96.130
12 | 411521 | 157.116 | 168.928 | 331.342 12 12927 | 577.079 | 129.856 | 92.346
13 | 401.230 | 156.019 | 168.751 | 332.774 13 13.616 | 550.881 | 124.765 | 88.814
14 | 391411 | 154.970 | 168.340 | 333.033 14 14.245 | 525901 | 119.855 | 85.506
15 | 382.022 | 153.955 | 167.711 | 332.312 15 14.818 | 502.082 | 115.125 | 82.400
30 | 274.820 | 137.608 | 142.696 | 273.723 30 18.560 | 252.256 | 63.083 50.722
60 | 150.326 | 93.456 84.383 155.015 60 14739 | 67.097 20.966 22751
120 | 45.953 32.083 26.591 47.868 120 5.358 7.000 3.814 6.006
180 | 14.102 10.043 8.203 14.715 180 1.692 1.388 1.024 1.790
- 45 -
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<HE. V-17> |7 A0§7}A°| =Z0| <E. V-18> T3 ADf7}AHo| =40
Cist x| 7 HE2Z 3 Cist x| 7 HE2Z 3

712t M2 2 CH 3 712 | Mg HA CH ZF

1 0.000 0.000 | 838.666 | 40.932 1 0.000 0.000 0.000 [1,009.048
2 18.564 26.110 736.050 71.048 2 14.842 4.835 22749 | 871.894
3 34.432 47.826 647.659 94.552 3 27.481 9474 40.062 | 755.764
4 47.949 65.787 571450 | 112.678 4 38.207 13.859 53.022 | 657.362
5 59.419 80.539 505.681 | 126.439 5 47.271 17.952 62.512 573.911
6 69.108 92.554 448.863 | 136.667 6 54.895 21.730 69.249 | 503.074
7 77.247 102.235 | 399.724 | 144.045 7 61.268 25.185 73.815 | 442.884
8 84.038 109.926 | 357.176 | 149.133 8 66.558 28.315 76.680 | 391.681
9 89.656 115.926 | 320.289 | 152.388 9 70.909 31.128 78.223 | 348.069
10 94.257 120.489 | 288.266 | 154.182 10 74.448 33.636 78749 | 310.871
11 97.974 123.834 | 260.426 | 154.820 11 77.283 35.851 78502 | 279.094
12 100925 | 126.148 | 236.186 | 154.550 12 79.510 37.792 77.677 | 251.900
13 103.212 | 127.591 | 215.044 | 153.571 13 81.213 39.477 76.428 | 228.585
14 104925 | 128.303 | 196.572 | 152.047 14 82.463 40.924 74878 | 208.552
15 106.142 | 128.400 | .180.402 | 150.108 15 83.323 42.151 73.121 | 191.300
30 95.727 100.127 75.218 110.280 30 74.130 44.530 47172 86.773
60 55.455 47.568 34.218 59.050 60 42.321 28.393 24.365 44.064
120 17.165 12723 10.094 17.976 120 12.984 9.183 7.539 13.540
180 | 5.278 3.801 3.080 5.513 180 | 3.986 2.846 2.320 4.160

Response of SEQUL to SEOUL Response of SEOUL to BUSAN Response of SEOUL to DAEGU Response of SEOUL to GWANGJU
800 800 800 800
600 600 600
400 400 200
200 200 200

T T T T T T T T T T T
25 50 75 100 15 150 175 175 25 s0-"75 1o 485 WiE 4% 25 50 75 100 125 150 175

Response of BUSAN to SEOUL Response of BUSAN to BUSAN Response of BUSAN to DAEGU Response of BUSAN to GWANGJU
1,200 1,200 1,200
800 - 800 800
4004 400 400
| e S ] |
400 T T T T T T T 400 T T T T T T T 400 T T T T T T T 400 T T T T T T T
25 50 7010 123 1% 175 25 50 75 100 125 150 TS 25 50 s 100 125 180 175 25 50 75 100 125 150 7S
Response of DAEGU to SEOUL Respanse of DAEGU ta BUSAN Response of DAEGU to DAEGU Response of DAEGU to GWANGJU

T T T T T T T T T T T T T T T T T T T T T T T T T T
2 50 75 10 135 10 17 25 5 75 10 15 1R 1% 2% 50 75 10 13 10 15 25 5 75 10 135 180 AT
Response of GWANGJU ta SEQUL Response of GWANGJU ta BUSAN Respaonse of GWANGJU to DAEGU Response of GWANGJU ta GWANGJU
1,200 1,200 1,200 1,200

T T T T T T s T T T T T T T T T T T T T
25 50 75 10 135 10 1% 25 50 75 10 13 10 1% % 5 75 10 13 10 1%

T T T T T T T
25 50 75 10 135 180 17
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71E BAFE o ZoxE8ARs o] AdsE <H. V-19~22>9}
(2. V-5]9 Yelhy 9o BEAZdy 4o HoE 9ty 1d9A <l

Mg L7t o] oS xR oA A AAIY 7H FE@FH o] 180
Ao o2 7kA oF 90%Z 7}A W B A Heo] FEgH e o Aoz Ha
2}

FHab uf7bA L] o SRS oA Hat AA Y] JHE FEgFEH e 1Y

Zboll o 96%lA A EojEo] 1809 ¢F 83% Tl = HAH3EHS

BFsh BT P Avirbe] hE I vuF FEo
g7 2ubAe] o2 e A RaRa A BT A A dgEe 19
ol oF 91%gon Azrel EEel me HH} FoBof 180U °F 63% 4
Fo2 rystEoith Aol Avizkd SFAL 19 % 3% JFY
o o

HEHAT AT EEel Wk o U%ZH Sl Bee Bgon
Rae] zwi7bAe 17] o 5%¢ FFAL vIA™ 1809 o 9.5%9] 3P
= A% o
:Il

speto) slekebl Eoiskel 195 247 o 23%s) 0248 BReo 10
U oF 3%t 8%0] FFHL AL Aoz Ueht

ARH oz nFo| anrtde A7 A JFHo| A tergon
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o gol Wi ZoE Uegth Ao A% B Add ¥ 4@

& vzon 53 FFavstAe tiatel Frlel o 443%7HAe) BT

S nHe Aoz A=

<H. V-19> ME 40§71AH9| 0 52 Ap= LY
7|2t ME 24 CH 7 a7
1 100.000 0.000 0.000 0.000
2 99.911 0.000 0.054 0.034
3 99.729 0.001 0.164 0.105
4 99.477 0.003 0318 0.202
5 99.172 0.005 0.504 0.320
6 98.831 0.007 0711 0.450
7 98.466 0.010 0.934 0.590
8 98.087 0.013 1.165 0.735
9 97.703 0.017 1.400 0.881
10 97.318 0.020 1.635 1.027
11 96.938 0.024 1.867 1171
12 96.567 0.028 2.094 1311
13 96.206 0.033 2315 1.447
14 95.857 0.037 2528 1577
15 95.522 0.042 2733 1.703
30 92.096 0.114 4.829 2.961
60 89.877 0.217 6.174 3731
120 89.168 0.276 6.595 3.960
180 89.105 0.283 6.632 3.980
<H. V-20.> HAL ADj7}Z0| 0= X[ EAES

7|zt ME 4 CH = a5
1 3.339 96.661 0.000 0.000
2 3.425 96.537 0.037 0.001
3 3.514 96.370 0.112 0.004
4 3.606 96.170 0.215 0.009
5 3.701 95.944 0.339 0.015
6 3.799 95.700 0477 0.023
7 3.900 95.442 0.625 0.033
8 4.004 95.175 0.777 0.044
9 4110 94.902 0.932 0.056
10 4.218 94.625 1.088 0.069
11 4.329 94.346 1.241 0.083
12 4.442 94.068 1392 0.098
13 4,557 93.791 1538 0.114
14 4.673 93.516 1.680 0.130
15 4.792 93.245 1.817 0.146
30 6.604 89.757 3.246 0.394
60 9.249 85.895 4171 0.684
120 10.754 84.007 4.421 0.819
180 10.916 83.813 4.439 0.832
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<H. V-21> O3 AODj7}Z0| o= QALE ARG

712t M= it CH g5
1 3.188 4.986 91.826 0.000
2 3.603 5.403 90.956 0.038
3 4,045 5.807 90.033 0.115
4 4.510 6.196 89.074 0.221
5 4.994 6.566 88.093 0.347
6 5496 6.915 87.104 0.485
7 6.010 7.241 86.119 0.630
8 6.534 7.544 85.145 0.777
9 7.063 7.824 84.191 0.922
10 7,596 8.081 83.261 1.063
11 8.129 8.315 82.359 1.197
12 8.659 8.528 81.489 1.324
13 9.185 8.720 80.652 1.443
14 9.704 8.893 79.848 1.554
15 10.215 9.048 79.079 1.657
30 16,408 10,010 71.079 2.503
60 21930 9.851 65306 2913
120 24.099 9.594 63.259 3.047
180 24.304 9.565 63.072 3.060
<B.V-22> ZF A0{7170| o= XpF4F6H ‘
712t NE A CH 7 g5
1 1590 2372 0.158 95,881
2 2,505 2,525 0.358 94.612
3 3.609 2.667 0.621 93.104
4 4871 2.795 0.932 91.402
5 6.256 2.908 1277 89.559
6 7.730 3.007 1.642 87.621
7 9.259 3.093 2,015 85.633
8 10814 3.165 2.387 83.633
9 12.371 3.225 2.752 81.652
10 13.909 3.275 3.102 79.714
11 15412 3.315 3.436 77.837
12 16.870 3.347 3.750 76.033
13 18.274 3.372 4.043 74311
14 19.619 3.391 4.316 72.675
15 20.901 3.404 4.568 71.126
30 33561 3.352 6.639 56.449
60 41.575 3.144 7.585 47.697
120 44.156 3.035 7.846 44.963
180 44.384 3.024 7.868 44.724
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