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The Asymmetric Response of Gasoline Prices to International
Crude Oil Price Changes Considering Inventories
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ABSTRACT : This study analyzed the impact of crude oil inventory while gasoline price adjusts to
international crude oil price(WTT) fluctuations. We mainly focused on asymmetric relationship between
crude oil and petroleum product prices and added oil inventory as an variable, using the error correction
model which is based on Borenstein et al.(1997). This paper selected the sample period from January
1988 to December 2012, analyzed the asymmetry of each intervals and the influence of crude oil
inventory to the degree of asymmetry changes, both full period and five years period respectively. The

results showed that when considering crude oil inventory, existence and degrees of time-amount

asymmetry varies.
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(& 2) Movement of the U,S, commercial crude oil inventory
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7} 7t 5 19979 ~2002W(717F 3)}F 2008 ~2012W(7]7F 5)& ALt YA
712k 1, 71%F 2, 71ZF 49] oM F-Afo] EASEITh(<3 2>). ghd, Aa ¥
T5 EYste] AF 7H, AR M, AL 1 SAE S AARE da AA
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19979¥(717F 2), 20039 ~2007A(7]17F 4) ALt 717k 1, 717k 3, 717 5] 517%
oA FAE] EAsH= AR UEHHTH<®E 2>).

HHA A= FERL} A5 7S st 99t A WE $A etk
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o Al7le] Aol HYTH<IE 1>, <3 2>)

(H 1) Results of Johansen(1991) cointegration test: crude oil and gasoline

. . Maximum .
Time Optimal lag rank Eigen value Atrace
0 - 50.243%%*
1988~2012 4
1 0.151 1.941
1988~1992 0 29.190%*
. 2
(period 1) 1 0.297 8.735
1993~1997 0 - 25.942%%%
. 2
(period2) 1 0.298 4.734
1998~2002 0 - 16.716
, 4
(period 3) 1 0.218 1.977
2003~2007 0 - 23.379**
. 1
(period 4) 1 0.281 3.547
2008~2012 0 - 17.140
. 4
(period 5) 1 0.221 2.148

1) ** indicates that the statistic rejects null hypothesis of no/one or fewer cointegrating
equations at 5% significance level and *** at 1% significance level.
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(¥ 2) Results of Johansen(1991) cointegration test: crude oil, gasoline and

inventory

Optimal lag | Maximum rank | Eigen value Atrace

0 - 73.822%%%*
1988~2012 3 1 0.180 14.881
2 0.043 1.746

0 - 38.448%**
1988~1992 (period 1) 2 1 0.315 16.472
2 0.181 4.848
0 - 33.764
1993~1997 (period 2) 1 1 0.322 10.457
2 0.120 2.755

0 - 49.276%**

1998~2002 (period 3) 3 1 0.375 21.073%*
2 0.279 1.409
0 - 31.549
2003~2007 (period 4) 2 1 0.323 8.139
2 0.079 3.165

0 - 40.623%*
2008~2012 (period 5) 2 1 0.388 11.206
2 0.110 4212

1) ** indicates that the statistic rejects null hypothesis of no/one/two or fewer cointegrating
equations at 5% significance level and ***, at 1% significance level.

3) ¥t A% 2%

sl A Aak AR e A8 710 Sl mE g A1Ae &
AN S el AL W ) ol Yol fAsizon oA
e AT g w9 AF BE §O517) et 4] F8E Suske S 1
oot WA 717k 59 gl 57H TR 1~ 712 5)0.2 o] 243 AT,
1988~ 1992€(717F 1) FRboll A= 99 712 wigol tia) $ukg 712e Al7H,
FA MRS Byor] Ang Te] Al ARFA B AR AR v A )

e 719 WETE QLT 199318~ 1997717 2) koAl AL % =] A
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S, AT WS ISk A u Al AebAk 20039~ 2007 A(717F 4) T
AL 7172 T2k v R AT B w9 F BRI Aetien § )
2ol AT WA TG 74 W] QlolH folshA] ke AuE ek 2008
W~201280712F 5) TelAE A3 Mg w9 F u Aol o) oksha o)
A7) 39 Ausht

(1) 19881 ~2012E(HA] 717D

(® 3) Results of asymmetry analysis without inventory: 1988~2012

Coefficient(Std.dev)
Crude Oil Gasoline ECT
Positive Negative Positive Negative
0.895%** 1.025%** i i
—0 (0.092) (0.092)
g F-stat. = 0.70. -
P-value = 0.405 - -0.573
(0.059)
-2.393%* -0.147%%* 0.074 0.158*
- (0.113) (0.113) (0.082) (0.088)
F-stat. = 0.27, F-stat. = 0.47,
P-value = 0.601 P-value = 0.494
F-stat. = 1.14,
Total P-value = 0.495 ) )

1) *** represents 1% significance level, ** represents 5% and * represents 10%.
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(® 4) Results of asymmetry analysis with inventory: 1988~2012

Coefficient(Std.dev)
Crude Oil Inventory Gasoline ECT
Positive | Negative | Positive | Negative | Positive | Negative
0.973*** | 1.024*** 0.551%* 0.525* ) i
o (0.092) (0.090) (0.293) (0.292)
PF-Ztlaté _ g.;alu PF-Ztlaté - 8.8(5)8 i 0.595%+
valu . valu . (0.060)
-0.283%* -0.183 0.252 -0.710%* 0.090 0.211**
- (0.113) (0.112) (0.290) (0.293) (0.081) (0.088)
F-stat. = 0.40 F-stat. = 3.77* F-stat. = 0.98
P-value = 0.530 P-value = 0.053 P-value = 0.324
Total F-stat. = 0.61 F-stat. = 2.07 F-stat. = 0.98 _
P-value = 0.433 P-value = 0.151 P-value = 0.324

1) *** represents 1% significance level, ** represents 5% and * represents 10%.

198813E] 201267kK]9) HA] ZIblAE U 7HAe] Stol et #ug
Zo] AN AZHA, A A o] Bl SUT<E 32). Am 2] ey Ao 4
AR 72 hAH AR Uekgom s U0 BF 1S TR
2 15919] F7ho] tha) 0.8959HF Z7bohaL, 19k9]9] 2kl ohsl 1.025%H3 3

b 2] AR TS 74 199 S71e] js) 24 he] 2393w
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5 =
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(2) 19881 ~1992W(7]7F 1)

(¥ 5) Results of asymmetry analysis without inventory: 1988~1992

Coefficient(Std.dev)
Crude Oil Gasoline ECT
Positive Negative Positive Negative
0.845%** 0.344* i i
0 (0.160) (0.179)
Pl — 0074 - 05T
: (0.049)
0.027 -0.340* i
- (0.155) (0.187)
F-stat. = 1.76, _
P-value = 0.190
F-stat. = 7.27%%*,
Total P-value = 0.010 ; ;
1) *** represents 1% significance level, ** represents 5% and * represents 10%.
(¥ 6) Results of asymmetry analysis with inventory: 1988~1992
Coefficient(Std.dev)
Crude Oil Inventory Gasoline ECT
Positive | Negative | Positive | Negative | Positive | Negative
sk sk sk
oo o T s T T s
=0 : : : : (0.112)
F-stat. = 9.84*** F-stat. = 0.03 )
P-value = 0.003 P-value = 0.870

1) *** represents 1% significance level, ** represents 5% and * represents 10%.
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1988 HE] 1992W 747 0] L7K717F Dol A, A ¥
Ul 712 AAl0] B AR E0)0] FE T12o] FEEL wlAA Flmw <n
5>} < 604 g 71de] FEe ul 7H-ew enjgl.

ATE A L Furaol 9go] BAS A HE(<E 5>), 44 712 o)
3 B HAS S A0 A AR AT ke iAol Asia

thoof o s A(E0)olA FEF 7HA 9] T7h= dr 7Hg 1919 S3tel disl

4>
t
%
2
I
2
i
N
=
©
ot

217} 0.84559] Z7H5HL 03449 Z451A, 96 7ol 0.5 ujol T2y 7}
Zo] Z7k5He A7} 946 7h2o] Wold wjo] Ly 712l gt o 2 gy
AR e R SISt B3 0] ATt 06579 g ek
AR FG e PRPOR B PS WL,

A WSS UGk TG R A BANA TS HA<E 62), At A
Sl Fe 7 st i) Solg QLTI 1126)2 7Hda Sl 997t
kgl e G 7170 Y Ye0) o Flck of uf s He=0)ol A ¢
§ 7K W] A% 0.9483} 01672 A 74 WEo| Ff 4] WAL o
ol A Holek FRIUS 1% fYSFEAN 71 24steek AT WEE 2G5}
A gre BA Ageh wlwstA 96 7149 b e Ay o) Fo1Ee

0.845014 0.948% AR i 714 ol tigh T[T fadS 0.344004]
0.1672 Eof50] s H(=0)ollMef AZHA wgR/de] A7t 247] d(=1)olA]
O ARG & 5 Atk 5, Y 71 S7F Al I 71 SRS A
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(3) 1993 ~1997d (717t 2)
(® 7) Results of asymmetry analysis without inventory: 1993~1997

Coefficient(Std.dev)
Crude Oil Gasoline ECT
Positive Negative Positive Negative
0.448* 0.830%** ) )
o (0.263) (0.218)
-value . (0.126)
i i 0.007 0.332*
- (0.181) (0.194)
) F-stat. = 1.05,
P-value = 0.309

) *** represents 1% significance level, ** represents 5% and * represents 10%.

(H 8) Results of asymmetry analysis with inventory: 1993~1997

Coefticient(Std.dev)
Crude Oil Inventory Gasoline ECT
Positive Negative Positive Negative Positive Negative
0.448* 0.830%** i ) i i
o (0.263) (0.218)
F-stat. = 0.84 i i -0.603**
P-value = 0.364 *
] ] ] 0.007 | 0332¢ | (©126)
- ) (0.181) (0.194)
) ) F-stat. = 1.05
P-value = 0.309
) *** represents 1% significance level, ** represents 5% and * represents 10%.
1993UFE 199797k FIHAIZE el A Ax Mg T3] Hele U
oF SRk 714 Ftof FAZo] EASHARE Aal WS 2 e A TR
7H, AL Al ko] FARo] EASHA =tk Alal Mg 2Rt Feole
SA o] ZAISHA] Fom AL W EJF FoJ7k JRFe AR HIER 10% &
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SR A7 00I: ARV PG ol WS A 1
AT WS wY W BUT e
o FAH 242 FoAL U
7] AENNA Fe 748 AAle] Fefshl S T A4S & Uk R 7
2} $kg 7k AN A 7}7494 ta%oﬂ Y e o 0] A7
o 916 718 16919) A%l dhef 0 5 72 k9] sl o
5 0.83059] H45HAA 10% foleFolH hAAE ek, 4
kall=1g t‘sﬂo

12

= a1l
3 o} MASA g A4S BE U 1T Hg 2k 2 ) 2ges 9
232 FUSIYTH<E 7>, <H 8>).
(4) 1998 ~2002d(717t 3)
(® 9) Results of asymmetry analysis without inventory: 1998~2002
Coefficient(Std.dev)
Crude Oil Gasoline ECT
Positive Negative Positive Negative
1.373%** 0.412%* ) )
o (0.158) (0.178)
F-stat. = 11.39%%%*, i
P-value = 0.001
-0.167 0.406** -0.351%* -0.052
o (0.254) (0.034) (0.180) (0.142) -
F-stat. = 2.78, F-stat. = 1.43,
P-value = 0.101 P-value = 0.237
0.816%** 0.405%** -().788%** -0.627%%*
— (0.252) (0.191) (0.181) (0.133)
F-stat. = 1.34, F-stat. = 0.43,
P-value = 0.253 P-value = 0.513
Total F-stat. = 2.91%, F-stat. = 2.27, )
P-value = 0.09 P-value = 0.138

1) *** represents 1% significance level, ** represents 5% and * represents 10%.
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(® 10) Results of asymmetry analysis with inventory: 1998~2002

Coefficient(Std.dev)
Crude Oil Inventory Gasoline ECT
Positive | Negative | Positive | Negative | Positive | Negative
1.410%** | 0.660%** | ].35]*** 0.680 i )
(0.134) (0.155) (0.002) 0.111)
F-stat. = 9.27*** F-stat. = 0.91 )
P-value = 0.004 P-value = 0.344
-0.430* -0.080 i i -0.032 0.385%** | -0.769**
- (0.061) (0.654) 0.177) (0.134) *
F-stat. = 1.63 ] Fstat. = 424 | (0.142)
P-value = 0.208 P-value = 0.045
i i i -1.445 -0.246**
) (0.111) (0.109)
t=2
) F-stat. = 0.31
) P-value = 0.578
Total F-stat. = 1.34 F-stat. = 4.24%* i
o P-value = 0.252 ; P-value = 0.045

1) *** represents 1% significance level, ** represents 5% and * represents 10%.
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AE TefsE B4 ATH<E 105), 4§ 7H2o] GRS nlXE 4717 A3 9
(214 2] YDA ZolE9on g L0)ie] A5 714 WE
W2 g 7HAY S A2 14103} 066002 AZHA AR EAIsHL.
U o wiAEAe Ak olet BAle] sig A0yl Ame) F7He kg
7429 F7ko] frofet GR13SNE MXE RO LrehdA Ane] ol e

ﬁ

R o) 240 QoS Bl AL UehtA gokt B AT Mg =
Qstel FAL] JYSER OAFHTL THNe] BAT A LALHFS
1% oA F2Ig 2H0.769) ekl A Hgt 7] BYBAR 3=k

2 % gk

(5) 2003 ~2007H(7|7t 4)

(¥ 11) Results of asymmetry analysis without inventory: 2003~2007

Coefficient(Std.dev)
Crude Oil Gasoline ECT
Positive Negative Positive Negative
0.743** 1.733%***
- - -0.553***
o (0.281) (0.298) (0.113)
F-stat. = 3.71%, )
P-value = 0.059

1) *** represents 1% significance level, ** represents 5% and * represents 10%.

(¥ 12) Results of asymmetry analysis with inventory: 2003~2007

Coefficient(Std.dev)
Crude Oil Inventory Gasoline ECT

Positive Negative | Positive | Negative | Positive | Negative

0.743%* 1.733%%

. . . - -0.553%%*
o (0.281) (0.298) (0.113)
F-stat. = 3.71*

P-value = 0.059

1) *** represents 1% significance level, ** represents 5% and * represents 10%.
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(6) 20089 ~2012E(7]7} 5)

(H 13) Results of asymmetry analysis without inventory: 2008~2012

Coefficient(Std.dev)
Crude Oil Gasoline ECT
Positive Negative Positive Negative
o 0.486 **(0.214) |1.428 ***(0.170) - -
F-stat. = 8.50*** P-value = 0.005 -

o - - -0.239 (0.157) | -0.242* (0.133)

- F-stat. = 0.00, P-value = 0.991 -
- - - -0.339*(0.155) ‘ 0.118(0.126)

- F-stat. = 4.01*, P-value = 0.051
3 - - -0.117 (0.149) |-0.382*** (0.125)

- F-stat. = 1.49, P-value = 0.229
Total - F-stat. = 0.22, P-value = 0.642 -

1) *** represents 1% significance level, ** represents 5% and * represents 10%.
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(® 14) Results of asymmetry analysis with inventory: 2008~2012

Coefficient(Std.dev)
Crude Oil Inventory Gasoline ECT
Positive | Negative Positive | Negative Positive | Negative
0.546** 1.322%*%* 1.703%* -1.227% i ) -0.458**
(0.208) (0.153) (0.021) (0.091) *
t=0 (0.102)
F-stat. = 6.70%** F-stat. = 5.65%* ) :
P-value = 0.012 P-value = 0.021

1) *** represents 1% significance level, ** represents 5% and * represents 10%.
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(3) U5 7Hel e Fg 7HAe v Aol EAsHE 717t 1, 71k 3, 7
4, 717k 5%, A WETE folF AFS nAE AR et 7IE 1, 7
3, 712 59) A9, 712F 1A= 37k mgrEolw o wloja Aol Wl
7h Qiglonh, 717 33 712k Sel Ml b ulth Aol Al AL Hwrt ¢
shEglct = (9] AE mefs) Bw Al7l°ﬂ whet 99 712l oet vy
e ulg o] Yehts 5 TR A XUAE, A o] ofs
S oA A ek e & ek

(H 15) Summary of results: Cointegration and Asymmetry with and without inventory

Cointegration . Amount asymmetry
Period - - Time-asymmetry - -
erio Without With at =0 Without With
Inventory Inventory Inventory Inventory
1988~2012 @) O - X x
1988~1992 O O A >N Ok Ork*
1993~1997 O x - x -
1998~2002 x O VANV O* x
2003~2007 @) x A<V O -
2008~2012 x O A<V Ok O**

1) When it comes to “Amount asymmetry”, *** represents F-statistics rejects null
hypothesis of price symmetry at 10% significance level, ** is at 5% and * is at 1%.
2) A means amount of increase in gasoline price when crude oil price goes up(coefficient
of positive crude oil price change) and ¥V means amount of decrease in gasoline price

when crude oil price goes down(coefficient of negative crude oil price change).
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