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stock indices, and energy prices

Mo, Jung Youn'®
Associate Professor, Department of Agricultural and Resource Economics, Kangwon National University, Chuncheon, Korea

ABSTRACT

This study investigates the dynamic relationship among cross-country carbon emission prices, energy prices, and stock
indices, focusing on four major emissions trading system (ETS) markets: the European Union, South Korea, New Zealand,
and Shanghai. Based on daily data from 2015 to 2024, the paper employs a panel vector autoregression (VAR) framework
to empirically analyze the short-run and long-run relationships between carbon prices, natural gas prices, and stock market
indices. Panel unit root and cointegration tests reveal that while there is no stable long-term equilibrium relationship among
these variables, significant short-term causal effects exist. Specifically, natural gas prices have a statistically significant impact
on carbon prices in the short run. Higher gas prices reduce industrial electricity demand, subsequently decreasing the demand
for carbon emissions and leading to a decline in carbon prices. Rising carbon prices exert downward pressure on stock indices,
suggesting that increased carbon costs amplify production expenses and weaken market sentiment. These findings underscore
the sensitivity of carbon markets to energy market fluctuations and financial conditions, highlighting the need for effective
price stabilization mechanisms such as flexible allowance supply adjustment mechanisms linked to exogenous variables. The
paper contributes to the existing literature by incorporating cross-country panel data and deriving policy implications for
carbon market stabilization, risk management, and emissions reduction strategy alignment. Future research could enhance
robustness by incorporating additional countries and variables such as temperature shocks and renewable energy deployment.

This study provides timely insights for policymakers aiming to strengthen the operational resilience and predictive capacity
of international carbon markets.
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Fig. 1. The trends of carbon emission prices
(US dollars/ton) by countries

Table 1. Mean price by country

Carbon emission . .
. Natural gas price Stock index
priee (US dollars/ton) | (US dollars)
(US dollars/ton)
Republic
16.890 9.185 2.004
of Korea
Shanghai 5919 10.003 474.586
New
23.968 3.108 6558.636
Zealand
EU 40.544 3.092 143.225
A 8 35 5= & 7 Utk B =9 HiEd 74
2 20IEE 0% X4 slete v|2sqd. o] v
23 A% 74 sete) gdlomt wEd oY Aw
Al Atz ATt 7 HY, BA £3= AR A A
4 & 5 7 AT
Table 1 27h8 A183 WSSo] et B 714L v
waka ok wEd sH4e e B A1 5% fEd
Fo| B 7ol B o a1geE MY %

WAUE 9 AT jEE W sHEol ¥4 3=
L AA7ks AHEe] A9 Ate] L A9 FHdo] £
SAREY Fhe] vjs) BAF A BEHIL,

W L HU oo
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Table 2. Descriptive statistics

Variables | Mean | Std.dev | Min Max | Skewness | Kutosis
LnEP | 2.754 | 0.861 | 0.498 | 4.704 | 0.202 2.570
LnNP 1.856 | 0.576 | 0.792 | 3.232 | 0.164 1.728
LnSI 5244 | 2765 | 0.775 | 9.190 | -0.314 | 1.944

Table 3. Correlation matrix
LnEP LnNP LnSI
LnEP 1.000
LnNP -0.357™" 1.000
LnSI 0.021 -0.449™" 1.000

ET

and ~ denotes significant correlation at a 5% and 1% level

significance.

Aol AR A=l wiEgd A 7H4e =gk
(LnEP), FAA7kA 7449 28 (LaNP) B F7HA]5=9
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A B4 A3H= Table 2 9@ Table 30| 2= o] Ut}
Table 32 AHEH, BiEd 7H4 HAAZIA 744, 19
AL F7HEAeE A7 7H SOl SAACE Fofntt
=) JBHAE Helth
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£ 7% VECM (Vector Error Correction Model)= 7|1FC.
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Table 4. Panel unit root test results

Data LLC Breintung 1PS Fisher- ADF Fisher-PP
LnEP -1.1368 -0.1045 0.245 4708 3.811
LnNP -0.768 -3.587"" -3.170™" 26.403™ 94.352""
LnSI -0.286 -1.513 -1.162 11.239 9.226
ALnEP 277370 -8.302"" -61.241" 1053.56"" 782.377""
ALnNP 2728317 -9.2465™" 272,123 1053.56"" 371.336™
ALnSI -73.109™" -21.956™" 556217 1053.56™" 1053.56™"
" and ™" denotes significant correlation at a 5% and 1% level significance.
Table 5. Results of cointegration tests
Method Statistics
Pedroni Panel v -0.803
Pedroni Panel rho 0.749
Pedroni Panel PP 0.641
Pedroni Panel ADF 1.284
Pedroni Group rho 0.303
Pedroni Group PP 0.300
Pedroni Group ADF 0.954
Kao Kao-ADF -0.785

Ex

4o = oY A (Y A7 3
(autoregressive process)2 7]Hte & AATE 4= It

yie =piyit-1+0:Xi tui, i =1, 2,-, Ny t=1, 2,--, T (1)
o71A, =1, 2, -, N= #=H IA7HE, =1, 2, -, T=
AbE ofElsi, Xie 230 o Mg Quljith 2+
7] 3] Al4(autoregressive coefficient)E 2|U|5l= p & 7]
vrog Tk | p; | <10]H, &% W4 = A (stationary)
& A weio] EAISH eRetk. W, | p, | =1o]
yie SRS 7= AoR wdgith

£ wRolE WY U9l ARL 945 oA i) 7
Al(Levin-Lin-Chu  (LLC),
(IPS), Fisher- ADF and Fisher-PP %) A=s}91
% AH= Table 40 29F=] 0] QIt}. Table 49] ATS A
wwe, S e 71, Aevka 1 0 # o
2y o ARt gzl EAE ARILS Aesku
U B Ao BEo) EFHLE 15 AR
289 49 BE A8l 7|ZE0] 9 4RSS 14
A A9 9HA Ane A9E 5 U8 T 4 ek

Breintung, Im-Pesaran-Shin

and " denotes significant correlation at a 5% and 1% level significance.

B0 AH235E B A8 E 7 A7 A AF AT
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AAste. #id 34
35ttt
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o7|1A, o ¥ 8= F7ME 1% a9} A (trend) AT}
£ 9Ju|stH, Pedroni®] A4 oA = A7PEE O AS
(B)E 3835t THE HEEQ o|FAlo] FL{HT} H

H, kaof] G412 B Ag7t 27PERE BT FU5Ho] &
13‘5]— HE 9] o]F/do] E7FsSE Atol7F EAR HiE &
B AAL Y3 o9 EZ 3] A (auxiliary regression)
()= AHESH] o = 1 (Kao®] A% o = Dolghe AF7H
A& A4 F 34E EA o5& dHE 5 Utk
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Table 6. Optimal lag length selection results Table 7. VAR estimation results
Lag| LogL LR FPE AIC sC HQ LnEP LaNP LnSI
0 [-61232.750| NA 1234 | 87236 | 8.725 | 8.724 LaEP(1) 1.0119 0.0124 0.006™"
1 | 107329.5 |337028.5| 4.60e-11 | -15.288 |-15.282 | -15.286 [119.416] [0.656] [2.386]
2 | 108487.1 [2314.064 |3.91e-11 | -15.452 | -15.441 | -15.448 LaEP(2) -0.006 -0.039 -0.010™
3 | 108603.3 |232.2461|3.85¢-11 | -15.467 | -15.451 | -15.462 [-0.5288] [-1.472] [-2.629]
4 | 108737.2 |267.536" |3.78¢-11"| -15.4852" | -15.464" | -15.478" LnEP(-3) -0.022 0.0293 0.010™
Note: LR: Sequential modified LR, FPE: Final prediction error, AIC: [-1.806] [ 1.092] [2.829]
Akaika Information criterial, SC: Schwars information criterion, HQ: LnEP(4) 0.0156" -0.003 -0.007""
Hannan Quinn information Criterion. [ 1.847] [-0.150] [-2.716]
0.005 0.678""" -0.001
A4 AAm 7F YA AP Aol ESAHA] et A EARPED [1.347] [80.419] [-0.999]
B H0] % AEiElo] & dRoAE AR 7 SE LaNP(2) -0.004 0.185™ 0.0000861
AZS VAR B8<S 7utoz A3t [-0.848] [18.210] [ 0.0628]
0.006 0.089™ 0.000671
3.5. VAR B8 =X zn} LaNP(-3) [ 1.346] [8.751] [ 0.489]
] _ ] ) ] LaNP(4) -0.008™" 0.044™" 0.000116
M2 VAR 28 A A] & A= &7] 98] ofg9] [-2.087] [5.231] [0.102]
Table 6914 AAIE ThoFst criterion 7]¥HO & @9 LaSIC1) 0.035 0.097 1297
4 A2E Agetalh. 1 23 H% AR 47} A [1.260] [1331] [134316]
= = ~ 0.004 -0.046 -0.374™"
jH \_/gil:g&ﬁ;\—]t?oaﬂ} W19 AAE Bgstel A 3t E LnSI(2) [ 0.095] [-0.447] [-27.252]
== S -0.030 -0.040 0.200""
t=7E ETS 744, A A7kA 744 9 F74A]4 7F VAR LnSI(-3) [0.665] (0.397] [14.613]
BP9 4L 4 (4a) ~ 4] (4o)E 7I¥ECE AT -0.009 20,011 -0.124™
71 A3}E= Table 79 89F%|o] Qith LnSIC4) [-0.330] [-0.178] [-14.717]
Constant 0.003""" 0.009™" 0.000945™""
4 4 [ 2.088] [3.002] [2.384]
LnEP, =06, + ZallanEPitfp + Zal2anNPn—p (4a) ", ™, ""Significance at 10%, 5% 1% respectively.
4 Pt Pt The parentheses [ ] denote t-value.
+ j)ZlaanSJi, g,

4 4
LaNP, =8, + Y8, LnEP, ,+ 3 8, LnNP,_, (4b)
p=1 p=1

4
+ 2 623/;Ln51zt—p +ty;,
p=1

4 4
LnSI, =6, + 21631 JLnEP, , + ZlassznNg,,p (4c)
= =

4
+ 21533pL5[it—p tuy,
=

Table 79] 2712 A EW Tk w2 712 A4
o RO G FAL WAL R 9 Aess
A719) Aol HAZkA 714 2YY A4S 449l A
7] AAES AR wa R L FAS 5 iy
El B4 Mg BAHOR SOl e

HAEO
o vTIE+vw o=
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the 2Eo] E2H gt

EZoA F4€ ArEs 7o R Ag 7 &) A
BAE 457 A8l ofe] AFAES AAsAL 1
A= Table 8] g2|=o] Uk

4 4
H: Z 019, = 0, Z 013, = Oimequation (from 4a)
p=1 p=1
4 4
H:Y, Oy1, = 0, Y. g3, = Oimequation (from 4b)
p=1 p=1
4 4

Hy - ) 031 = 0, O3p = 0 imequation (from 4c)

p=1 p=1
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Table 8. Short-run causality test results

Dependant Explanatory .

Variable Variable Chi=sq Prob
LnEP LnNP 7.881" 0.096
LnEP LnSI 5.575 0.233
LnNP LnEP 4.008 0.405
LnNP LnSI 6.934 0.139
LnSI LnEP 17.516™ 0.002
LnSI LaNP 6.674 0.154

*, ""Significance at 10%, 5% 1% respectively.
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