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ABSTRACT

Analysis of Vegetable Price Fluctuations

This study was conducted to analyze fluctuating vegetable price
patterns and factors. This study aimed to identify time series fluctuation
features including trends and seasonality of each vegetable item, and to
investigate the factors of fluctuating supply and demand.

Fluctuating vegetable prices were analyzed by means of a method of
using fluctuation indicators and a method of estimating and examining time
series models. APC(average percentage of change) and CV(coefficient of
variation) were used as indicators for showing fluctuating prices. ARIMA and
GARCH were applied as time series models.

Major items for analysis in this study were napa cabbage, onion, green
onion, and green chilli. In addition to the major items, an analysis was given
of white radish, dried chilli and garlic. The unit prices were obtained by
dividing the daily amount of transactions for each item in Garak-Dong
Agricultural and Marine Products Wholesale Market in Seoul operated by
Seoul Agricultural & Marine Products Corporation by a trading volume as
price data for analysis. The unit prices were used to take monthly and 10-day
averages for the analysis. All prices were substantialized as producer price
indices.

The analysis revealed an insignificant trend but an obvious seasonality
of vegetable prices. Unlike the trend of nominal prices, the real standard
vegetable prices (index) do not show obvious trends. In indicator analysis,
some items seemed to have a trend but the result of time series model
estimation showed an insignificant trend. Vegetable prices tend to be high
between seasons while they tend to be low during summer with more supply
than demand. Napa cabbage price is the highest in September and the lowest
in June when field-cultivated spring napa cabbage is available in the market.
green onion price is the highest in September and is low in June and August
when green onion is harvested. Onion price is high in February and
November and low in May, June and July when onion is harvested. Dried
chilli price is the highest in February and the lowest in August.

Examination of monthly fluctuation for the monthly average price of
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vegetables covered in this study revealed 103.8% for napa cabbage, 237.4%
for green chilli (the highest), 82.9% for onion, and 63.7% for green onion
(the lowest). Unlike vegetables that are cultivated in unprotected fields, such
as green onion and onion, green chilli is cultivated in protected facilities.
Green chilli supply prices greatly vary with seasons depending on cultivation
in unprotected fields or in protected facilities with heaters.

The total fluctuation of vegetable prices of leafy and root vegetables
like napa cabbage and vegetables cultivated in protected facilities like green
chilli is high while that of spice vegetables like onion is low. The monthly
average fluctuation was 7.96% for napa cabbage and 7.78% for green chilli.
The CV was 0.46 for napa cabbage and 0.53 for green chilli. The deviation
against average fluctuation over the whole period was about 50%. This result
may be contributed by the fact that there are a plurality of cropping periods
(cropping seasons) annually for leafy and root vegetables and vegetables
cultivated in protected facilities while the cropping patterns are not diversified
for spice vegetables like onion.

The year-to-year monthly fluctuation level is high for leafy and root
vegetables including napa cabbage (the highest), green onion, and green chilli
(the lowest), and low for the vegetables cultivated in protected facilities. Napa
cabbage and green onion which have high monthly fluctuations in a year show
much higher year-to-year fluctuation in a certain month, for example, October,
than other items. For instance, the average year-to-year fluctuation for the napa
cabbage price is 30.8%, the highest in October, and for green chilli price
fluctuation 15.5%, the highest in December. This implies that napa cabbage
price fluctuation approximately doubles the green chilli price fluctuation.

The monthly year-to-year price fluctuation level for napa cabbage and
green onion is high in October which is the time just before and of the early
stage of major harvest, and that of onion is high in April which is the time
just before and of the early stage of harvesting early maturing green onion
varieties. The level of green chilli is high in December which is winter.
Summer is the season of the low year-to-year vegetable price fluctuation, for
example, June, July and August. For example, the year-to-year fluctuation of
napa cabbage in October is 30.8% which is almost a triple 9.4% in August.

Fluctuations in comparison with those in the last month and monthly
year-to-year fluctuations (in comparison with those in the last year) showed
similar seasonal patterns. They are especially similar with respect to high
fluctuation periods. For napa cabbage, a period which has a low fluctuation in
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comparison with the value in the last month is January to April when the
winter napa cabbage variety is available in the market. For onion, a period
which has a low fluctuation in comparison with the value in the last month is
September to December when harvested onion is available in the market. For
green chilli, a period which has a low fluctuation in comparison with the
value in the last month is between summer and autumn.

The mid and long term trend with respect to fluctuating vegetable
prices is not obvious. According to estimation with the ARIMA model, napa
cabbage showed a very slow decline but showed an increase since 2010
(mixed trend according to index analysis). Heteroscedasticity that means
fluctuation (deviation) is concentrated, that is, concentrated fluctuation, is not
obvious, with respect to the 10-day prices. Heteroscedasticity is found in
onion prices and price fluctuations thereof.

Analysis of a contribution of supply and demand factors to fluctuating
vegetable prices revealed that fluctuating prices (deviation) of most vegetable
items were affected directly by supply and demand factors including production,
demand and import and indirectly by cross effects between factors to the extent
greater than a given value. It seems that both the direct and the indirect (cross)
effects have an impact on fluctuating vegetable prices, but it was analyzed that
the direct effect is more significant than the indirect (cross) effect.

It was shown that the factor of demand has a greater impact on
fluctuating napa cabbage and white radish prices in winter and spring while
the factor of production has a greater impact on fluctuating napa cabbage and
white radish prices in summer and autumn. This implies that major fluctuation
factors vary with seasons. With respect to the fluctuating prices of spice
vegetables such as green onion, garlic and chilli, it was shown that the factor
of production has a greater impact than the factor of demand or import. With
respect to onion and green chilli cultivated in protected facilities, the factor of
production was similar to the factor of demand.

The factor of import does not have a great impact on fluctuating
vegetable prices. However, the factor of import has a significant impact on
fluctuating chilli and garlic prices. The factor of import has an impact on
fluctuating napa cabbage prices only in summer.

The impact of each factor in each year has been similar with respect to
napa cabbage, green onion, chilli and green chilli, but the impact has
increased in 2000 (in the second half of 2000) with respect to white radish,
onion, and garlic.



The findings of this study are as follows. First, because seasonality of
vegetable price levels (average) is obvious, it is necessary to use the result to
predict prices and examine price levels.

Second, since fluctuating vegetable price levels vary with features of
items, it should be considered and used as a standard for examining
fluctuation. Since the deviation of seasonal fluctuation is about 50% and
seasonality is obvious, this should also be considered. Since the degree of
fluctuation (fluctuation level) varies with items or seasons, it should be
considered to examine fluctuating prices of applicable items and periods. For
example, total price fluctuations of napa cabbage and green chilli are similar
but the annual fluctuation in a certain month for napa cabbage is a double the
fluctuation of green chilli. Total fluctuations of green onion and onion are
smaller than that of green chilli but fluctuations in a certain month for green
onion and onion are greater than that of green chilli. Therefore, it is desirable
to develop a stabilization scheme that annual fluctuation is decreased for spice
vegetables; the seasonal deviation is decreased for vegetables cultivated in
protected facilities such as green chilli; and both annual and seasonal
fluctuations are decreased for leafy and root vegetables.

Third, napa cabbage and green chilli prices have fluctuated more than
in previous years since 2010, and it is thus necessary to closely analyze the
pattern and reason for the fluctuating prices and take measures.

Fourth, a main factor of fluctuating spice vegetable prices is revealed
production while the main factors of vegetables cultivated in protected
facilities are production and supply. This suggests that measures for stabilized
supply and demand should be taken in consideration of the main fluctuation
factors. The demand (measure) is more important in winter and spring while
the factor (measure) of production is more important in summer and autumn
for leafy and root vegetables such as napa cabbage and white radish. The
factor (measure) of import is also important for garlic and chilli.

In conclusion, since fluctuating vegetable prices result from a difference in
the feature of supply and demand and seasonal differences of each item, for
example, between leafy and root vegetables and spice vegetables, it is thus
desirable to develop stabilization schemes in consideration of items and seasonality.

Researchers: Yong-Sun Lee, Jong-Jin Kim, Su-Jeong Noh
Research period: 2012. 3. - 2012. 6.
E-mail address: yslee@krei.re.kr
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O Corr. CV(Corrected CV): 4o A4
- ARFATL AR Az CV
- ov<VU-RY, @, B ABFAAR P=at+bi+ed 2HE AH
Al
0 o] 9ol FHE AAT ARE o] WEHL AZFE A ARE
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O MA(Moving Average): °|EH T HS o]&ste] F4 2 F7]H0= 1%
HEES AA

x 100
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> | ; | D;
t=r+1 % i=ft—1r
- MA= X100, ¥, pp = S, —1)/2

- oo b} me g AL 5 S

O CI (Coppock Index): A7} AAE #A59] 717t 2t it HESE(HAE)
ko] SAMA = S A .

1l X +1
llog[——]—m]*]"/?,
T2 loel
1 X+l
7m* EIOg[ X ]7

n—1/= t

- CI=antilog[ L
n—

i

X, =log of datd’s firstdif ference, antilog(X) = 10%
- QA ARCE ) AFFATE AAEHH LA loge SOl ¢
e qaA7e 982 ¥,

ArE Az A P oA FHA o

o

o o

- m
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- BHo = 490l kg 500 FEOFE A3 T 6¥ol AF A2 300
A HRk FE7HA stEhgl 7Y RE OA] st 9ddle dE Hadl
6009 FE7HA o8 F, tA] ok

g et7rAol HudQl 9dx HA Ll 699 MR F)= kg'd 297
o A= o I IAFEL 103.8% 9.

A vl 7HARE 54, 84, 10€0] kgT 1009 oFo= AA yeEhd.
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O i3 kg B 7H4S 1990t kel = 3889, 20001t 4259, 2010
°]F 5169o.E 5t on, RFHAE 175¢, 1889, 238U 0.2 AJ7to]

- A7) ad A FREA e APl BPow ot By F3

o

O WMEAL XX wet Az o2 ATS 5.
- APC3({ € tiv] A 5E)9 CV(HoAlF)= A Zto]l 245 F7ts)
£ AFo|Au Com. CV(FA WOAPE #Hrdte AT vehd,

- Corr. CVY 7% 2010 ©]3 0.405% 1990 T, 2000 thell Hls] ot
Ao g2 Yehy=t], o= 2010 o]F 7149 sigtEAzE APA S
o] AX 7] WEYd.s5

i)
£l
N

O A 713+ Wi H7HAE kgW 42944¢ oltﬂ A4 b FEEL e
7.96%, 98 7}AL WHolAF(Hd B EFHAN7F 045602 A 2(H
THoZ) FaolA 45% A= Zol7F DTS YEhy.

3 F=AA APC3 CcvV Corr. CV
199611 -1999¢ 388.0 174.5 6.86 0.450 0.450
20001 -2009 425.8 188.3 7.69 0.442 0.438
2010 o] % 50155 238.3 10.99 0.462 0.405
A 429.4 195.8 7.96 0.456 0.454

5 ot 20101 ©]F-9] 7|zte] ZriH oz gol ®H&s] sttt dAsE oH .
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O wjF € 74L& 493 10~11¥€l HEAo] A1, §3] 108 7MF &
Ao ®E e
- HEA 2FEQ APC3, CV 2 Corr. CV EFoA 1049 =77} 7+
A3 o2 4904 1199 & Ao F Yehd
¥ 32 Y ufjF JtAe o AT HEY
s EFHA APC3 Ccv Corr. CV
14 431 169 14.199 0.391 0.389
29 445 165 14.269 0.370 0.369
34 479 201 17.789 0.419 0.418
49 507 243 21.418 0.479 0.477
54 357 148 13.455 0.414 0.412
6¥ 286 110 12.581 0.385 0.383
74 378 116 12.382 0.308 0.307
8¢ 528 148 9.362 0.280 0.279
94 583 245 17.135 0.421 0.419
10¢ 431 258 30.752 0.599 0.596
114 348 153 22.449 0.440 0.438
12¢ 371 165 19.534 0.445 0.443
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¥ 34, ¥4 2tul JiAHe "HAn AL HEsy
it E=F9Ax3 APC3 CV Corr.CV

14 691 240 18.341 0.347 0.344
24 768 286 20.026 0.373 0.370
3¢ 763 291 14.742 0.381 0.379
44 650 269 17.747 0.413 0.410
54¥ 468 187 16.695 0.400 0.397
6% 420 121 6.093 0.287 0.285
74 452 121 9.567 0.268 0.266
) 560 150 9.149 0.268 0.266
9¢ 608 169 9.425 0.279 0.277
10€ 633 182 10.681 0.288 0.286
11€ 673 200 12.143 0.297 0.295
12€ 672 226 14.668 0.336 0.333

3. F1F

0 F1% A4S Wy A Felo] WEHE AFAA AL 23}

Amel A4S nolZ,
31 917 s ZA
O Fix 714 kg 3,000 0] A7t HHo g A, 299 5462U0 2 FH1 4
F& Jehinl sgole F4 39 1619902 deke Aw
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Aol 293 HA Y2 89| FHAAXHAE)E kgd 3,843

7t AZEEL 2374% %Y

H

O dd¢7t4e] A
dog A y

e

O A oy 7HE¥HsZe 1~293 490] A YElE. 12¥€L2 kgD 7
1,000 2211, 4¥= 1,0008 g e HEHS 1.

13 7448 19909 ) FHke & kg 3,124 0] A 20009 T 2917902
gatd o, 20101 0] Fol = 3,1439 0.2 53 FF JHAo XA

O CV % Cor. CV 5 W&4 AxE Ade] Adel weh A2 3}etste]

Bt EFAk APC3 Ccv Corr. CV
19994 ol 3124.3 1756.4 7.80 0.562 0.535
2000 - 20094 2917.7 1549.2 7.84 0.531 0.530
2010 o] % 3143.1 1508.8 7.44 0.480 0.470
A 2999.8 1592.3 .78 0.531 0.530

O F1F 7149 ¥ WEA X E+ APC3, CV ¥ Corr. CV 25 11~12¥ 9]
=7 Yyelgtor, 53] 12€0] 78 =4 ey 12909 15 71AHEEA
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E 36 Y EIF st BEM AT HEN
EEEin F+Aa APC3 Cv Corr.CV
14 4,356 1,273 9.5978 0.292 0.292
24 5,462 1,354 8.352 0.248 0.248
34 5,158 1,310 3.399 0.254 0.254
44 3,020 977 10.178 0.324 0.323
54 2,519 596 6.683 0.237 0.236
64 2,075 380 5.049 0.183 0.183
74 1,707 370 4.2776 0.217 0.216
84 1,619 406 6.964 0.251 0.251
94 2,013 ov7 9.038 0.287 0.286
104 1,718 426 9.120 0.2438 0.247
114 2,619 1,019 15.186 0.389 0.389
124 3,277 1,337 15.535 0.408 0.408
4. i3t
41. 018 ¥=s FA
O ez oM tha} muf7hA o] F3E A7) FAs BEHA @
. W EUg Eo] wEs = AP AR EAfehs AR 54
< =29
Otk 7}AE kgd 889 0] Ak FtolH 4~743F vtal 84 o] o 39
A=A B W] 4T 7Hg WL w4 ¥ 4.



28

O Y divl 7AW slEL 497 8~9¥o] A YE. 499d= kgD 189

a8 3-7. oI oty 2 HESMH(XE) FA
@49 9/Kg

S
—

5 T T T T T T T T T
1996m1 1998ml1 2000ml1 2002ml1 2004ml1l 2006ml1 2008ml1 2010m1l1 2012m1l

p D .p




29
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¥ 3-7. 7|2t tio otq MY

3 F=HA APC3 CcvV Corr. CV
19994 o] 765.3 221.2 5.63 0.289 0.284
2000 - 20094 875.3 361.5 4.66 0.413 0.411
2010 o] % 1159.2 554.6 5.13 0.478 0.409
A 388.9 385.3 4.96 0.434 0.417

E 3-8 Y Uiu JiHe Hont A7t HEY
3t F+=AA APC3 Ccv Corr.CV

14 905 415 19.551 0.459 0.441
24 988 441 21.273 0.447 0.429
3¢ 936 437 24.185 0.467 0.449
44 47 370 18.224 0.495 0.475
5¢ 732 266 13.725 0.364 0.349
64¥ 775 297 14.031 0.383 0.368
74 700 196 9.143 0.280 0.269
8¢ 950 159 4.863 0.167 0.161
9¢ 1,146 482 13.465 0.421 0.404
10€ 993 508 20.218 0.511 0.491
114 928 406 19.472 0.438 0.421
124 366 330 18.399 0.382 0.367
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13O
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AEEES

of Wt =57H40] =27

¥ 3-0. X EO| oFt MA 1 HE 24 HIH209
Adid 4 A=t
O:} tﬂ - /'\_%_
(;‘;H; g A4 (74;;\4) W54 Corr. CV
T (APC, CV) = (APC, CV)
X - 0 P — 2]
% WA Sl s 0.284
HA- 64 HA- 8¢
EE Aa-24 | Hx- 449 o
s A4- 69 | #A- 784 '
Hu- 0¥ Ha- 104
o) % R A 98 1= 109 0.409
A4-79 | AA- 84
X — 22 P — 2]
FaF | st & A 22 A Ha 28 Ha- 128 0.417
HA- 8¢ HA- 6¥
O 97149 47 IZEL wiF 103.8%, FiLF 237.4%, 3} 82.9%, U

Az uj ol A 7}

<A Aol o] 27174A] A- =2ebA] 7] 9.
M dgmotde MED HUEE
ES AE(CHAD NEE
F 583 286 69 297 103.8
FF | 5462 1,619 8% 3,843 237.4
¢ 768 420 69 348 829
oo 1,146 700 74 446 63.7
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2.1. ARMA 2¢

(autoregressive error model)2 ©]-&3}o] &
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(Cochrane-Orcutt Method), T}l

o] °]&H A+

of
X
o
fru
kU
iV
=
to
X
It
=
e
Y
o
ot o

O A71FALARE L a3 o] xdH.
- Pt:‘Xt/ﬁ—Fet’
S e = PC Tyt e, T

- ©, o= BTo] 00]aL E4ke] 29 =

i)
)
ro
oX,
=
S
el
il
=
rt
Au)
=
N
o

O A713]7] LAY 9] Yule-Walker WHol o3k Zbate] =42 59 dx}

CANABAFE T3 2ol B o= (o p,)

- 93}9] BAFZEA MJEHAE $=Flee )=’ VE A, T e

- Yule-Walker HIH-& 9] 264 OLSE o] &3} A7 ABASFE 234
(p)3taL, o5 o] &3l VvV E £S5 A T3 yo] Fol e &
+242Q 3A4 G E(BY FEA T IRrEH LA (GLS) = ©)&

(

o A o

AHY F
S 25 9] o] FAH] AL Glejser AW, Goldfeld-Quandt A7

9 White B0l F2 A,

| G259 749 Engle®] LM 734, Lee and King®] ARCH #HAH
Wong and Li2] ARCH 73 o] AL&H.

ol EAstE B, dutsl HAASH(GLS)E AHEst ol &

[ A
WS wgSAY AALAFES] 4F- GARCHRFS 235 A

2FA (Heteroscedasticity) ©] < 4]}
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L
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O A2 HsA ASol AHE WEdd Mds &5ty v=3 22 714

12
- ALY P = ﬁ0+6tt+ZﬁM+Xﬁ+et
H

3| A4 1: |p,— f>J—ﬂmww+ZﬂM+Xﬂ+q

‘ﬂdzmafaﬂf=%ﬂw+ZmM+&ﬂﬂt
i=2

P P 12
_HEA FAA t-1 —
MEE SN 3 G ! = Gt At LM A X, Bt e
i A, e 2 uEEs, xE B Y 7‘*%“4 g Yeh =

O Z Y ALRE FAE dZsr st AVIFALARY
(autoregressive error model)= A3}
- Engle®] LM @3S Edte] o] 22042 gAstgon AQds 5379

weto) = Durbin-Watson A1 XS AL

2.2. GARCH 2¢

O Fo] gl A-HFA | Bt A174]“ A9 540 mE Wsd &
7A5}7] 93te] ARIMA-GARCH &-& ARIMA-ADL-GARCH =3 0] A&

2~ [¢)
%Tg}]\u

- ADL(Autoregressive Distributed Lag Model) 7}4©
29 24 Q8 U6l 58 4usrz F7ek A
2goz A4

m_u_z



W ADLE 717o] 43S 2 & 9t A4 0 aAUSES F18

'?1&1_ o= =
T A st ol2d W] JFe £4T F AT

O ARIMA(p,d,q)-GARCH(u,v) =38 thg3 o] A4,
- MAFE: o)A - L)Y, —p)=0(L)e,

o}
=1

o

0 HA%E He BUHoZ AU/ gRo] oA mY9| YA

H3al7] $138F ZZ(stationarity condition)= FHEslojof &
S8 wao A 29 o) =09 2o Fuigto] 11T Aok T,
A

239 94 6(z)=09] 2o Ahgkel 18 Aok T,

zZ9 g3l vl5x21S wEstod ok hBollerslev
(1986)).

- M A X Z(stationarity condition): E 8+ Z% <1

- H]5-A ¢F(non-negativity restriction): « > 0, ﬁ > 0 and ~; > 0, for all i

O 2x}glo] wWlax-5-01719] o] B+ Ljung-Box Portmanteau-Q FAAE ©]&
- x}gbo] Hl Al - (white noise)©] 7| A= 2182 A7) A

F()7t Holok .

. J —
- JImAQz0) = A0, Q=172 Y

T—> 00

o j A%} A RBASE 27 e,
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W o9 N ok XHA | HAH gk
] P, A/ Kg | 19 4296 1961 | 1405 1089.7
W e =P, || /Ky | 19 1251 1166 05 652.6
A [ -r_ ¢ | (9/Kg)] 195 | 291799 | 531540 02 | 4258264
i‘ﬂ) Pf 7Pt*1
P, A/ Kg | 19 615.4 2350 | 2307 1521.6
S e —p,_ | d/Kg | 195 1036 1045 0.1 5365
A [ -p_ ) | (9/Kg)] 195 | 215967 | 412602 00 | 2373638
5‘1]) Pf 7Pf*1
e o ] % |19 145 12.1 0.0 639
B P, A/Kg |19 | 29998 | 15923 | 10275 77353
XA Tp,—p, | 9/Kg | 193 896.6 8511 22 4172.9
- 1524474, | 2707204.
o wer | 9 )Ee) 193 49 | 17412860.2
(H 0 3
A) P-F_, .
S o | 193 235 151 0.1 655
P, A/Ky | 19 3339 3853 | 3271 2684.4
W e =P | 9/Kg | 195 187.2 177.0 2.0 1409.1
A [ m-r ) | (9/Kg)7 195 | 662408 | 164984.1 41 | 19854392
i‘ﬂ) Pf _Pt—l

Fope ey 9y AFE AMAEIIAF(2005-1000 2 HZSH O HE A}E-dho
Axbe A2 74AS Ve,

Phillips - Perron 773 H¥S AR

- BE EEA TG 2o A3t AFIAEES 1% FYF=oA V)
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¥ 4-2, ¥4Y XEo| obMM AHH
Y = Augmentedﬁ[ilqckey—Fuller Phillips - Perron 774
= O
v & St —T7.747(1) s -6.533#x%
A Sk ~6.951 (1) ~4.962%%
FalF et =3.231(11) s ~6.368 %
o 3 et ~5.511(1)#xx ~4.956% %%
F R =AE 7 FAXE Ul Z 3= BIC(Bayesian Information Criterion) 3] 2] A]
22 eRd. Phillips - Perron 78] ALEE Newey-West Al X 4(7/100)7°¢] A
FRES ARG x wxo} sz Z4ZE 10%, 5% 2P 1% FoFFddA FAFHC
2 98 Yepd.
32. &4 A=z
O 1996 197H 2012'd 487bA19] ¥ 7ete Al whd &/ = 4 (3
Ay AR olgdle] £ NANEE A4
-7 FAY A FAYN Fo2 U] U AL AN
- 9¥ Mg SR O Fase £9F /HAS AR
- 74 HEHOIHE AR 27 dhre ol A Wk ste 20059
719 € A AMAETIA S E o] &
¥ 4-3. =8 Xz MEX SHX
=5 HEA Bt EFHA A2k FH o gk
v S 588 430.2 2137 127.0 1,827.0
Ea= 585 3,001.3 1,710.2 882.7 9,543.6
¥ I 588 615.6 242.6 192.2 1,647.8
o 3 538 890.4 407.0 312.2 3,294.7
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¥ 45 vlF JH4e & 3 HEM A FHZAL
FE A o W
TS P—P
o= LT - 9 t t—1
Pt |Pt Pt*ll (Pf Pf*l) A11$(37371)|
ot 281 S 59,03+ 4891 12 1450
o1 ©
(4.25) (1.85) (0.33) (3.05)
iy ~0.10 ~0.12 ~% ~0.02
FA - - - -
(-0.19) (-0.55) (-0.26) (-0.77)
L 139,80+ 17.86 3367 463
= (2.30) (0.49) (0.19) (0.82)
i 153 B4 - - -
= (2.60)
29 188,06+ 19.30 2071 426
= (3.34) (0.53) (0.12) (0.76)
49 216,30+ 2701 11572 281
= (4.31) (0.86) (0.79) (0.58)
4 7112+ 101,92 32937 16.81 5
= (1.89) 2.77) (1.86) (321)
B 6 - 81.83%% 28451 17,93
. = (2.30) (1.69) (3.50)
-4 92,72+ 56.92 16081 15,065+
il = (2.46) (1.54) (0.91) (2.92)
. 242 8 106,85 3631 4% 168
= (4.80) (2.94) (2.12) (328)
0% 299,77 14570 57175% 5% 16,96+
= (5.27) (3.94) (3.25) (3.28)
L0 145,73+ 172,27 7007055+ 24,025
= (2.43) (4.83) (4.16) (4.69)
1 62.98 5397 19821 973+
= (1.03) (1.60) (1.12) (1.86)
o 86.63 23.06 5273 711
129
(1.41) (0.72) (0.35) (1.45)
Dummy 110.09 77495 23700 9,85
(2010 ©]%) (1.33) (2.21) (1.53) (2.99)
) 071 ~0.01 0.04 0.19%+
} Lag=1
o3} (-9.62) (-0.15) (0.61) (2.59)
EE: i} 0.09 02655 02655 ~0.06
Lag=2
(1.19) (-3.66) (-3.66) (-0.83)
Durbin-Watson 1.993 1.952 1.978 1.987
L M| Lag-1 0.715 0.431 0.79% 0.296
A4 | Lag=5 0.953 0.451 0.941 0.085
O# | Lag=10 0.750 0.635 0.998 0.162
=5 19 195 19 195
R-Square 0550 0.288 0.239 0.262
. 23 ¢Fe t-3-S e,
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E 4-6. T} 7o 7 U HMEN 334 FHZE
T A o s
Z2W 4 , PP,
e P P =Pl (R=F,_,) e
R 238 1+ 44.99 7587 4.49
o T ©
(1.87) (158) (0.68) (1.37)
oy “141 —0.11 63 0.00
(-0.90) (-0.55) (-0.84) (0.25)
L2 248 S 56.34% 13967 4.99
(5.68) (1.89) (1.13) (1.45)
o8 275 Qo 66.96%* 16419 8 5
(6.47) (2.25) (1.34) (2.57)
39 215. 9% 1088255 274095 1431
(5.15) (3.61) (2.22) (4.45)
42 86.2+%% 1986055 634175 16,20
(2.32) (658) (5.55) (5.14)
-5 315 162,755 628005 28 86w
( -1.57) (5.33) (5.02) (8.22)
2 6 - 72.91%% 12935 1654
. b (2.42) (1.04) (4.42)
74l 29.8 25.87 3965 6.15%
il = (1.07) (0.87) (0.32) (1.74)
gal 139, 7w T2 Ao 12265 13705
(3.27) (2.64) (1.06) (351)
9% 198 4w 19.15 1860 4.16
(4.46) (0.70) (0.16) (1.17)
o 233 S = = =
10€ (5.07)
" 276 155 6.46 668 1.02
(5.90) (0.23) (0.06) (0.28)
. U8 Dk 10.12 1019 1.25
(5.64) (0.37) (0.09) (0.35)
Dummy 796 8.48 8623 0.79
(2010 ©] =) (0.79) (0.26) (0.73) (0.32)
Lag-1 —0.92% —0.17 ~0.12 ~0.06
oz £ (-27.59) (-2.36) (-1.58) (-0.65)
28 B ~0.18 ~0.14 B
ag (-2.45) (-1.91)
reho 3590 40,225
AR | © (5.04) (3.66)
CH " 1,39 0. 7755
are (4.20) (3.28)
Durbin-Watson - 2.002 1.997 -
IM | Lag=1 0.000 0.115 0.730 0.000
24 | Lag=5 0.000 0.120 0.939 0.000
©% | Lag=10 0.000 0.031 0.957 0.000
HEA 196 19 19 19
R-Square - 0.400 0.342 -
F &5 ote t-3k2 vER.
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¥ 4-7. E1F Ao =& 9 HEM A FHZAD
T REIEREEE
TEWUF 2 P =P

P, |P,—P,_| (P,—P,_,) MaZ(Pt,Pt_1)|

. 1810.00% 359.09% 372516 16.85%x

°ere (5.86) (1.81) (0.57) (4.26)

iy —2.03 “1.18 —2878 ~0.03

(-0.88) (-1.03) (-0.78) (-1.39)

12 2728.005 5% 983,10 247051 3% 12.39%

(8.50) (4.04) (3.06) (2.51)

0e) 3836.005%#* 1164.00% 27028505 .87

(11.90) (4.85) (3.40) (2.03)

59 3534.005%%5% 843 .86 1541538+ 4.10

(11.02) (3.52) (1.94) (0.84)

42 1398.00 1944005 5691215 27 33

(4.38) (8.11) (7.15) (5.63)

52 892 505 466.09% 820480 6.11

(2.77) (1.92) (1.02) (1.24)

9 62 449.92 274.25 322516 5.14

. (1.46) (1.13) (0.40) (1.04)

22 84.07 226.59 292447 6.89

o] = (0.37) (0.95) (0.36) (1.37)

Y

9% 397.49% 224.25 328093 7.10

(1.73) (0.94) (0.41) (1.41)

102 17857 181.47 264221 5.00

(057) (0.73) (0.32) (1.00)

e 1009.00% 617.33%x 1261764 1506

(3.12) (2.49) (1.54) (3.01)

122 1697.00% 619.31 % 1030999 10.30%x

(5.28) (2.55) (1.28) (2.09)

Dummy 83.15 84.11 31643 2.72

(20104 °]% ) (0.23) (0.45) (0.05) 0.77)

Lag=1 ~0.63 ~0.04 ~0.01 0.04

(-0.85) (-0.49) (-0.80) 0.57)

oA [T 0,255 - - -
7y ag” (2.89)

~0.09 - - -
Lag=3 (-1.20)

Durbin-Watson 1912 1.99% 1.999 1.984

LM | Lag-1 0.190 0.408 0.879 0.141

27 | Lag=5 0.730 0.925 0.548 0.713

o | Lag=10 0.148 0.273 0.598 0.618

#EX F 196 195 19 19

R-Square 0.779 0.395 0.340 0.213
F 23 ke t-FHE ERE.
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¥ 4-8. tfm 7t4e &= 9 HzM A FHZ
T REE I,
FEuS 2 [P

Pt |PT Pt*l‘ (Pt Pt—l) |MClJ?(Pt,Pt,1)|

o 550,32 55 67.67 ~2037 10,355

°cre (3.85) (153) (-0.06) (3.26)

e 1.35 ~0.0244 —6.81 ~0.02

(1.09) (-0.1) (-0.04) (-1.09)

19 202.68+ 63.11 29183 4.9

(1.87) (1.13) (0.69) (1.22)

29 08437 115.05%x 49958 8 48

(2.66) (2.07) (1.16) (1.96)

49l 231 51%% - - -
(2.95)

14l 41.60 170,85 97268+ 1529

(0.44) (3.07) (2.26) (3.53)

4l 3053 139,425 63307 15,605

(0.38) (2.50) (152) (3.84)

9 64l T4.42 163,33 72401+ 17,6555

. S (1.32) (2.92) (1.72) (4.29)

79) - 54.29 22970 6.88+

al = 0.97) (0.54) (1.68)

gl 249 715 173,035 69743+ 17 85

(4.43) (3.10) (1.65) (4.35)

94l 426 46 172,705 1428095 8605+

(5.26) (3.09) (3.39) (2.10)

104 290,39 11279 47211 8. Tdve

(3.05) (2.02) (1.12) (2.13)

114 223 51 52.19 24082 3.37

= (2.16) (0.93) (0.57) (0.82)

124 153.96 52.45 30031 2.70

(1.48) (0.94) (0.71) (0.66)

Dummy 11528 93,88 743705 2.97

(20104 o] %) (0.69) (2.32) (2.56) (1.13)

| Lag-1 0,93 0.02 0.08 0.15%+

ek | Las (-12.59) (0.30) (1.20) (1.98)
E B 0.17%+
° | Lag=2 (2.27)

Durbin-Watson 1.989 1.985 1.970 2.019

LM | Lag=1 0.808 0.707 0.831 0.276

A4 | Lag=5 0.005 0.329 0.999 0.670

(p-7b | Lag=10 0.026 0.586 1.000 0.853

H=x 196 195 195 195

R-Square 0.713 0.153 0.134 0.231

=.
T

2o k2 t-3te uEhd.
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. GARCH R3] 93}

/\1
A5z

7} o tsiAE ARIMA E 34
tH“H/HL GARCH 238%&

A3, ZE F5NA arch®e] Al

<1 B

thute] 7424k disl) 43 A3, archde] Algee R o2 L
Yo 10% T FTolA FelstAl &3kor, garchd 9] AlFe=
o7 Yelgd7 A F & Alg 2 124 Fol oFg A (stationarity) =71

S

< WEekd=d, g 271= 03

12 HA] o} 9

55 70] A H et

Fao] o A&EHA ge Ao=E M.
¥ 4-9. dim Jtyge = 9 HzM s9A FHZ
W5 P HA5F )
P 0.863 5% 0.00150%
-1 (0.0340) (0.000256)
o] ~0.00621 ~0.000337
B (0.0474) (0.000531)
19 86.07+ 2.100%
= (36.56) (0.985)
9l 91.96% % 2.060%+
o (32.66) (0.921)
= 4] 1.391 1171
= (28.91) (0.885)
14 - 1.890+
= (0.966)
7 FE garch@ e FOFIRO achd) AgE FoFHA 3 0§ 210G DEHA o
. FI= arch®@ i} garch@ o] Al E57F vl 20 U5ty Fo3HA] Z3ks.
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e 09,52 %% 2.028%:
(31.02) (0.973)
62 23.68 1.555%
(32.51) (0.924)
e 63.61 % 1.284
(27.66) (0.884)
s 160.6% % 1.624+*
(29.78) (0.984)
9% 124 .4 2.297
(46.08) (0.983)
o 0.506 -
10€ (28.10)
e 89 A3k 1.348
(30.82) (0.973)
. 25.86 1.472
12¢ (29.65) (0.953)
23.46 0.427
Hul (>=2010) (29.18) (0.270)
arl 0.418#%x* -
(0.121)
0 0.631 #: -
(0.0891)
3 —0. 7523 -
(0.119)
ARMA 1 —0.494 55 -
ma (0.0980)
5 —(0.583 3 -
ma (0.0731)
ma3 0.816xs:# -
mad (0.0953)
- 0.0648
archl
GARCH - mo(%i
garchl ((5.137)
- 54.08: 6.73 73
(32.79) (1.098)
q=A % 581
IC 7629.739
BIC 7795.99
Ljung-Box Lag:%O 98005
(p—%k (0.458)
Portmanteau-Q Lag=20 20.0276
AR ) (0.456)

E yehy, ¥ e vz 242 10%, 5%, 199 FAFFol B4
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- Ok 9} Eu3== 20109 o)}
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(20100 ™) | o 0 ) (A7) Rk
N H] 2] - 9¥ Ha- 10¥
v = H] -2 :
L i (=7h) 44- 69 47— 1749
B Hu- 2 11¢ Ha- 4759
ok3 H [eJi¥e) H [ee) ’ )
e 1] 17l HAA- 574 HA- 9712¢
~ 23— 99 HA1- 109
5 H [o IS H [oIe) ) )
o =t i b HAA- 78 HA- 8Y
. H)g-o Ha- 29 Ha- 1€
E 13 H] -2 ’ !
Fas i (=7h) 44 89 A4- 67109
O REFAHAS Mo €HA71FL AA-Ao] T8l Aoz Yehd
- BjF¢} giuls 9do] 31, EFuF9) Ydule 2¢9o] =
- BE FEAA dE5H vE
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c,te —a

b—d

+2Cov (e, e,) —2Cov (e, a,) —2Cov (at,ct)}

(b— d)fZ[Var(ct)—&- Var(e,)+ Var(a,)

- Var(Pt)

EEREEEE!

<

(4

7}

1
Z}

(Direct Effects)E 7}Z

+
wK

Mo
Ho

(b—d) ? [2Cov (e, e,)—2Cov (e, a,)—2Covlay,c, = '}-[:_9_,

;OL
=)

UERd.

=
=

Ao H3le]l w=lE I(Interaction Effects)
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- AR ARE TAA FAEAARAE ARSI LT Tt
T8 ANAEIAF(FEE, 2005-100)F AHE
- ARbETE Bl o7 7Hg WEEE A fste] 4 F59] W=

ih

25

ir
&

AR} FFAL AZ AR B ASGE TZy o ES
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