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Dynamic Correlation between International Crude Oil Market and New

Energy Automobile Industry: Focusing on Korea and China

BAO SHUWEN

Department of Business Administration, The Graduate School, Pukyong

National University

Abstract

In recent years, international crude oil prices have exhibited a significant
trend of fluctuation. Against the backdrop of global economic globalization,
both Korea and China have experienced substantial increases in their economic
growth rates, leading to a considerable rise in the demand for crude oil.
According to the theory of commodity demand, traditional and new energy
vehicles are considered as substitutes for each other. The fluctuations in
crude oil prices can also alter the relative usage costs of traditional energy
vehicles, subsequently impacting the demand for new energy vehicles. Given
the high external dependency on crude oil in both South Korea and China, the
volatility of international crude oil prices is bound to exert a certain influence
on the new energy vehicle industry in these two countries. Therefore, this
study employs VAR models, Granger causality, variance decomposition, and
other methods to empirically analyze and verify the dynamic relationship
between the international crude oil market and the new energy vehicle
enterprises in South Korea and China.

Firstly, the WTI stock market has a negative but statistically insignificant
impact on HYUNDAI stock market at -1 time lag. Secondly, in the -1 time

lag, it can be confirmed that the WTI market has a positive impact on the

- vii -



stock market of KIA, a Korean new energy vehicle manufacturer. Thirdly, the
WTI stock market has a significant negative impact on the stock market of
BYD, a Chinese new energy vehicle manufacturer, at -1 time lag.Fourthly, the
WTI stock market has a positive but statistically insignificant impact on the
NIO stock market, a Chinese electric vehicle company, at -1 time lag.
According to the survey, the fluctuations in international crude oil prices
have had a certain impact on China’s new energy vehicle industry. However,
the impact of international crude oil prices on South Korea’'s new energy
vehicle industry is minimal. The most significant impact on the new energy
vehicle industry comes from competition within the industry. Therefore,
fluctuations in international crude oil prices may have some indirect effects on
the new energy vehicle industry. Market trends for new energy vehicles are
primarily driven by factors such as technological innovation, government
policies, environmental requirements, and consumer trends. The development
of the new energy vehicle industry appears to be influenced by long—-term

trends rather than short-term fluctuations in oil prices.

Keywords : Crude oil market, New energy vehicle, VAR model, Granger

causality, Variance decomposition
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A obeR Al BA7IE 59 AEE BEAR HolEHE 20189 993 E

2023 9¥ 7= o] F=7F "ol o], HEA T S5 257x5=12857] o]t}

=2

<E 1> 7128 AF

Statistics WTI BYD NIO HYUNDAI KIA
Mean 0.283 0.859 1.049 0.285 0.461
Median 0.68 0.09 -0.21 0 0.27
Maximum 31.75 26.79 59.7 2813 23.49
Minimum -29.31 -20.8 -42.43 -21.09 -16.74
Sta.Dev. 6.741 7.063 13.274 5.101 5.159
Skewness 0.154 0.612 0.968 0.962 0.779
Kurtosis 4.641 1.509 2.934 6.617 4.269
Jarque-Bera 29.828 39.815 40.201 179.792 43.298
Probability 0 0 0 0 0

Note : 4] 7]7F 2018. 0972023. 09.
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¥ 1> WTI® -3 4319 F2 Aloyux s x4 (HYUNDAL
KIA, BYD, NIO)9| 7|25 A %S HolEth HdE B3 T Aoy
As Ak BYDY NIO®| 12k z2HE 271 FolEo] 7Hg E=XvF KIAY
WTIS] 271 FolEo] @S & & 9tk KIA9 HYUNDIAS %F=HA
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A4 AF8A A

ALY B2 45 2 A4S

VAR R EAS HAAE7] Ao TEAZ HlolE

o
A7) VAR 28A A% AAdof dr. & Aol AAde] e

—4
Lo
>
o2
oX

<E 2> 99 A= 23

ADF test PP test
WTI —13.531 *%x 0.000 0.109s3% 0.000
HYUNDAI —16.101 s 0.000 0.095 3 0.000
KIA —16.744 %% 0.000 0.11653: 0.000
BYD —15.434 s 0.000 0.167 3 0.000
NIO —16.27 1 s 0.000 0.252%3:% 0.000

Note : =% #x x significant at 1%, 5%, 10% levels, respectively.

<} 2> ADF 99 #A54A7d AA ADF A (Test
Statistic) &9 #2® 1% 9 YA (Critical Value)® v} #x 2o
m ol AAGR FelHT <F 2>9 PP @9 AFAdo] A
Al PP S A #(Test Statistic) 1% G529 A %k (Critical Value)®.th 4
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A Aow QEFAR AAGRE gldnt. = AFAIFWTDH &= 4l

2 HEAY(KIA, HYUNDAD T = Aoy x| A&k i34k
JBYD, NIOAF= E5F d AALdS &g + sk webd VAR
@S Abgeto] A stz doh v o2 VAREE S AAAAE 2A
3t7] $l8] AIC(Akaike information criterion), SC (Schwarz Information
Criterion), HQ(Hannan-Quinn information criterion)& Ut <3 3>79]
FA8 ®Hadth WaES AIC, SC, HQw# ol weba] A gho] XF AJA|

Lol A A gtopA AxF 15 AAATE DA A

<E 3> 23Aa 4A

Log LogL LR AIC SC HQ

0 3.535 NA 0.012 0.082 0.040

1 1789.926 3486.691 -14.136* -13.712* -13.965%
2 1808.175 34.885 -14.082 -13.305 -13.769
3 1821.143 24.269 -13.985 -12.855 -13.531
4 1833.911 23.383 -13.887 -12.404 -13.289
5) 1852.515 33.322 -13.835 -11.999 -13.096
6 1885.519 57.791 -13.899 -11.710 -13.018
7 1894.354 15.114 -13.769 -11.227 -12.746
8 1909.025 24.512 -13.687 -10.791 -12.521

Note : * indicates lag order selected by the criteria.
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A2d VAR 2% % Grangerd #2374 #4

w A TA ARAES dee] Ay A AEAAE, Tl Ay
A ApEAA o] FaaAs B8] A=A diAde] e A=
WTI €9+ 7H4<s AAsAT. o] Aoy AsAAd teA=

KIA, HYUNDAI ¢ %444 A58 A4a91 Fae] Aduix 54

Aol d&-21+= BYD, NIO®| F2A4 A4&5 AAeA A1 ko] 4
HAAE o & vlasta gt 918 VAR 22 AlAF 13 2 AdS
Abg3ke] B3t <E 4>, <F 5>, <& 6> = VAR =¥ ¥ Granger
A EAARE BATH
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<% 4> VARR 3 AZEX A

WTI HYUNDAI KIA BYD NIO

WTI (-1) 0.152 0.035 0.088 -0.116 -0.006
[2.328] [0.696] [1.815] [-1.693] [-0.050]

WTI (-2) -0.113 0.002 -0.008 0.068 0.201
[-1.703] [0.046] [-0.159] [0.976] [1.553]

HYUNDAI (-1) 0.038 -0.007 -0.032 -0.225 -0.666
[0.297] [-0.074] [-0.341] [-1.674] [-2.658]

HYUNDAI (-2) -0.197 0.122 0.280 0.141 0.164
[-1.530] [1.233] [2.912] [1.042] [0.655]

KIA (-1) 0.073 -0.046 -0.073 0.243 0.631
[0.581] [-0.475] [-0.781] [1.847] [2.579]

KIA (-2) 0.143 -0.077 -0.095 -0.050 0.037
[1.148] [-0.799] [-1.024] [-0.384] [0.151]

BYD (-1) -0.095 -0.007 0.071 0.063 0.216
[-1.255] [-0.117] [1.254] [0.796] [1.464]

BYD (-2) 0.035 -0.006 0.012 0.012 -0.023
[0.460] [-0.107] [0.216] [0.145] [-0.153]

NIO (-1) 0.011 0.017 -0.006 -0.009 -0.067
[0.268] [0.540] [-0.189] [-0.207] [-0.865]

NIO (-2) -0.011 0.013 0.003 0.044 0.053
[-0.273] [0.430] [0.099] [1.070] [0.687]

Note : * indicates lag order selected by the criteria.
Zo AU FEA AG, B Al
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el gl Folmet dFS mAE Aoz FAHAT. A AFAE
& -2A1Abl A NIO F2 A1l B(+)e] fFofndh J3S nAes Ao
Uelgth 28y WTIZE KIA FAAI ] nAs &S 3% &t WTI

AFAFE 2Rl A FT ANUA AEA FAAFA] (e Feln]

St AFS WA= AoRZ ey
<¥ 5> VAREY AFEH A¥
WTI HYUNDAI KIA BYD NIO
WTI (-1) 0.935 -0.013 -0.008 -0.023 -0.085
[49.249] [-0.937] [-0.529] [-1.160] [-2.349]
HYUNDAI (-1) -0.082 0.904 0.072 -0.004 -0.051
[-1.234] [18.457] [1.460] [-0.063] [-0.404]
KIA (-1) 0.118 0.015 0.879 -0.001 0.041
[2.011] [0.343] [20.145] [-0.018] [0.369]
BYD (-1) -0.012 0.012 0.042 0.997 0.020
[-0.609] [0.841] [2.930] [49.951] [0.557]
NIO (-1) 0.007 0.013 -0.006 0.007 0.988
[0.663] [1.595] [-0.779] [0.011] [48.657]

Note : * indicates lag order selected by the criteria.

<E 5> TA ARAGI ] AedA AeAAE, T Ay

A AEAAG ke AaRA A 15 VAR 23 BAARE AAEL

Ak Al AFAES KIA FAA G A9 Folrld 93 vA=

Aoz ettt WIT F2A142 - 1A%kl BYDF A A el tiaf #-(-)

o frefmldh g5 nA= e #AAHAT WTI= HYUNDAT 544
5 " 5

AXo R FoAde v WTIZF NIO
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<¥ 6> Granger AH}AAAZ A3

757 AAF - F SAE D

=

Sdds 0 WTI

WTIE= HYUNDAIC] Granger$l 3% =1}, 1 0.883 0.348

WTI= KIA9| Granger$l 33} #] &+ 1 1.399 0.238

WTIE BYDoll Granger®l 33+ &+ 1 3.059 0.081:
WTIE NIO®l Granger$! #3}#] ¢ki=t}, 1 5.008 0.026%
E9W4 ¢ HYUNDAI

HYUNDAI+= WTIo Granger?] #}3}%] +=t}. 1 6.406 0.012%
HYUNDAI+= KIA9l Granger?l #3817 &&= 1 2.753 0.098+
HYUNDAI:= BYDol Granger$! 34314 9= 1 0.006 0.938

HYUNDAI= NIO®| Granger?l #38}#] ¢k=1} 1 0.879 0.349

Egd4  KIA

KIA: WTIol Grangerdl#st#] =t} 1 10.434 0.001 s
KIA:= HYUNDAI®| Granger®l #3}#] &=t} 1 0.017 0.895

KIA+ BYDel Granger?l 33514 &= 1 0.738 0.391

KIAE NIO®l Granger$l #4314 k=t 1 0.889 0.346

S¥YWs : BYD

BYDE WTI| Granger¢l #é}#] ¢t} 1 7.047 0.008:3

BYDE HYUNDAI® Granger?l3}st#l &=t 1 5.054 0.025%x
BYD+ KIA©| Granger$l #1314 ¢F=t}. 1 11.601 0.001 %
BYD+ NIOo| GrangerS! ¥sh#] &=t} 1 0.272 0.603

E¥¥4 0 NIO

NIOE= WTIo Granger¢l ¥}&}%] =t} 1 3.989 0.047:
NIO= HYUNDAI®| Grangerl #38k4] ¢k} 1 8.835 0.0033
NIO+= KIA®l Granger$!¥s}A] =1} 1 5.856 0.016%x
NIO+ BYDoll GrangerSl¥3s}l#] &+ 1 1.833 0.177

Note : =% #x x significant at 1%, 5%, 109 levels, respectively.

_24_



F6>F A4 AFAFY Sare] AelyA AEAAA, Tl 4lely
A A A ZRel A@# A e Granger Q1 #A BN AIE HoFE
t}. Granger ¢34 AxE B 10%9 FoFFoA WTI 714 ¥ %5 o]
BYD<¢} NIOF7F W53t Grangere] <lo] oyl 7]E7HA o] AR
WTI 7}4 o] BYD$t NIO7} W& 3= Grangerel 902 AL, WTI 714
WE o] HYUNDAISH KIA® F7F WEdtE Grangere] €lo] oY=
7|E7M 0] ARHA = AoZ yERNTE HYUNDAIL KIA, BYD, NIO
F7F ®iEol WTI di7H8 ®%59 Granger ¥<lo] olyee 7|& 7Hd e
717+ HYUNDAI KIA, BYD, NIO 7} ®&o] BF WTI dF7H4
FAch,
Granger 137 AF A3 WTI 9571243 BYDSF NIO7F 7l 52 <
} 9l ®bE HYUNDAISH KIA7E F7MHEe 2% WTI

AR/ WED FEDHE Ao AT £ A

ot

% 9] Granger ¥91¢l AL <l

W v

N

d

2 ATl s d=e A AHsAFAAE, T Aoy A At
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(variance decomposition)S 2 A& <A™ 3>, <E >, <% 8>

<E 9>, <F 10>, <F 11>8 BARd A9E wHojs
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varance Decomposition using Cholesky (df. adjusted) Factors

Wariance Decomposition of WTI wWarianc e Decarrposition of BY D
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Ok O nie Oxs Onio
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<E 7> WTI BA%3)

Variance Decomposition of WTI:

Period SE. WTI HYUNDAI KIA BYD NIO
1 0.0668  100.0000 0.0000 0.0000 0.0000 0.0000
2 0.0917 99.8292 0.0022 0.1620 0.0004 0.0063
3 0.1094 99.4864 0.0104 0.4862 0.0004 0.0166
4 0.1231 99.0200 0.0278 0.9239 0.0004 0.0279
5 0.1343 98.4671 0.0577 1.4357 0.0013 0.0383
6 0.1437 97.8557 0.1023 1.9903 0.0049 0.0469
7 0.1517 97.2064 0.1633 2.9635 0.0136 0.0531
8 0.1587 96.5342 0.2417 3.1371 0.0298 0.0572
9 0.1648 95.8494 0.3375 3.6974 0.0564 0.0594
10 0.1702 95.1590 0.4502 4.2346 0.0962 0.0600
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<X 8> HYUNDAI #4I&3)

Variance Decomposition of HYUNDALI

Period SE. WTI HYUNDAI KIA BYD NIO
1 0.0491 6.9439 86.6637 0.0000 6.3924 0.0000
2 0.0669 6.6130 86.0602 0.0042 7.2857 0.0369
3 0.0790 6.2781 85.3397 0.0118 8.2501 0.1203
4 0.0882 5.9444 84.5049 0.0206 9.2826 0.2475
5 0.0955 5.6165 83.5600 0.0294 10.3787 0.4154
6 0.1015 5.2991 82.5102 0.0371 11.5327 0.6209
7 0.1066 4.9963 81.3621 0.0430 127383 0.8603
8 0.1110 47119 80.1231 0.0470 13.9830 1.1300
9 0.1148 4.4491 78.8019 0.0491 15.2738 1.4262

—_
()

0.1183 4.2106 774076 0.0495 16.5872 1.7450

<X 8> HYUNDAI?| ®AHEs] ZA#E ®oFrlh. HYUNDAI 24|
FE A7) Aol wiEl) 77786%<] FFS v
FES nR = Aoz Ve, NIOd| e 1.7%2 93-S nxe= Ao
2 uUEbsal, WTIOl dial] 4.2%°] 93 7= Ao= FlHAn KIA
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<% 9> KIA #4238

Variance Decomposition of KIA:

Period SE. WTI HYUNDAI KIA BYD NIO

1 0.0497 5.8113 50.2819 40.1632 3.7436 0.0000
2 0.0683 5.7769 51.6473 37.6228 4.9444 0.0086
3 0.0815 5.7039 52.6740 35.2967 6.3001 0.0233
4 0.0919 5.6037 53.3896 33.1725 7.71947 0.0395
5 0.1005 5.4756 53.8225 31.2353 9.4122 0.0545
6 0.1078 5.3265 54.0013 29.4694 11.1364 0.0664
7 0.1142 5.1612 53.9539 27.8587 12.9516 0.0746
8 0.1198 4.9841 53.7069 26.3882 14.8420 0.0789
9 0.1249 47991 53.2853 25.0434 16.7925 0.0797
10 0.1296 4.6100 52.7127 23.8112 18.7882 0.0779

G A= Ao F Vel al, BYDl thal 3~18%9 &S w A= A
3, WTIe dial 46758%% ¢S & Aoz AU,
KIA®] F7}¥ %S BYDS® HYUNDAIS F7pdas

WTI 916714 Wg3 NIO9 F7hwgel a7 98g nx4 2= A%
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<% 10> BYD #AHE 3

Variance Decomposition of BYD:

Period SE. WTI HYUNDAI KIA BYD NIO
1 0.0693 1.7748 0.0000 0.0000 98.2253 0.0000
2 0.0980 1.5069 0.0004 0.0000 98.4880 0.0047
3 0.1201 1.2762 0.0014 0.0002 98.7073 0.0149
4 0.1387 1.0796 0.0030 0.0008 98.8863 0.0303
5 0.1552 0.9146 0.0051 0.0021 99.0278 0.0503
6 0.1701 0.7787 0.0079 0.0044 99.1345 0.0746
7 0.1839 0.6694 0.0113 0.0078 99.2086 0.1029
8 0.1968 0.5846 0.0156 0.0125 99.2523 0.1350
9 0.2090 0.5223 0.0206 0.0189 99.2677 0.1705
10 0.2205 0.4306 0.0265 0.0268 99.2567 0.2094

of

Fe WA= Aoz vyt BYDS F7H
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<E 11> NIO #AHE 3l

Variance Decomposition of NIO:

Period S.E. WTI HYUNDAI KIA BYD NIO
1 0.1269 1.7202 0.1817 0.0395 32.9377 65.1210
2 0.1785 1.2370 0.1543 0.0245 33.4646 65.1197
3 0.2175 0.8947 0.1317 0.0168 33.9778 64.9789
4 0.2500 0.6773 0.1130 0.0127 34.4757 64.7213
5 0.2784 0.5696 0.0973 0.0103 34.9566 64.3663
6 0.3039 0.5579 0.0842 0.0086 35.4186 63.9307
7 0.3273 0.6295 0.0734 0.0078 35.8602 63.4291
38 0.3489 0.7730 0.0646 0.0080 36.2800 62.8743
9 0.3691 0.9781 0.0578 0.0099 36.6768 62.2774
10 0.3882 1.2353 0.0530 0.0141 37.0497 61.6478

<E 11> NIO®| #ikes] A5 HolErh NIO F244]
FAA ] diE] 32~
371%° FIFE WA= Aoz eI, WTL FAA % sl 05~1.7%
o 94g& M Aoz =yt §kA % HYUNDAISH KIAS &2

Aol s 61~65%2 3= vA= ", BYD

Z+7F 0.05%<F 0.01%2] 93-S vA = Aoz =gyt
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A5 28

A1d a7+4 7

Asap Aol 24E gFo] AAAds EAsAY 5§ AAE AE9
SFd A S Augmented Dickey—Fuller test(ADF) % Phillip-Perron(PP)
7HA a9 AW ARkl skt WTT A=A 4
(WTD), &= Aelvx] Asak thEAdel doi(HYUNDADSE 7] oHKIA),
<o Ay Al Ak dEAE ] vl (BYD)9 UL (NIO) F7FF< &
AA N E HFEEL AIC(Akaike information criterion), SC (Schwarz
Information Criterion), HQ(Hannan-Quinn information criterion) <% 9|
olaf FA gkl 5 Ak 114 A ok AR 15 AAAsE A6t

Ath B or= VAR X3, Granger 337 H4], FEALE &)
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S Ao® yEgt Granger 2523 WTI 7HA¥-&°] HYUNDAIS
F7F Wgdhs Grangerd] €1]le] ofeh= 7R pAdol 7ZbH A b= A
o2 yeyth FAHRE 23543 HYUNDAIS F7FH %52 BYD F719
T dFE AA T WTI 7HAd S 98S 2@ e 2S¢ F vk

=4, VAREE AZAd e waw WTI Age -1A Aol A &= Ao
UA AEabd KIA FAAg F(H)e] 9&e miss S99 5 3

. Granger 2 <5Z2¥ WTI 714 W50 KIAS F7} W& 3= Granger?]

_32_



Ao of et AFTHAd el 71 A4H A FE AoR YEwth 2k A
SAT KIAL A7) A2lddl bisf] 23~40%2] 9GS vA & Aoz =8y
31, HYUNDAI® dfal] 50~52%¢°] 93-S wx= Aoz e, BYD
of dis] 3~18%9 dFS A= o=
58%% QFEFs F= Aor FdHAY. KIAY F7PisS BYDS
HYUNDAI®| F7FiEeo] 2A &S wa, WTI 975714 #3534 NIO<
TR S ZA FFES MAA FE S AT F A

AR, VAR 28 AZAxe] w2w, WTI F24A32 - 121329 BYD
FAA A gl R fFons dFES e Aoz AU
Granger ASZ23E BH 10%°] e WTI 714 ¥ 5] BYDF7}
W53t Grangere] 9lo] olyegl= AF7H-dol 71Zks] WTI 714 o]

BYD7} ®&3= Granger® 4<¢l¢l FHo & ettt RALRES AS5Ay

)
E

BYD FAA S 2171 Apale] tis] 98~99%¢] #3F oS w A= Wb,
WTI F2A1 e sl 04~1.7%2 d&FS vA= Ao=Z YEa, NIO

of el 02%¢] 9= A Ao YERI, HYUNDAI ¢F KIAFA
Al el 0.02%9 SFe MAE Ao =yt BYDS FrhHES

AR A 7 2 9= WA= A el= WTT w7142 Wgol A
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i o] NIOF7} W53l Grangerd 9
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o A7) A6 wA= Gl dhs] 95.150%] Fhe JFS v]H= A

i, KIAO] &l 4.2%9 93¢ maeS A F 9
T 01% 7Pk A2 4TS A= AR A
Z33E VAR 28 BAZE¥ WTIE 35 A
T3 Aoy AEakabg NIOOl AH(+)e] &
e A] 25 2 HYUNDAISE S5 2ldu A 252 BYDol &=

WTIE @5 Aol A4 ddsh KIA®l a4 fA00] ol g
& = 9tk WTI 74 o] BYD9} NIO7}F W53+ Grangere] €219 A<,
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