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Abstract

In recent years, the trend of global warming has become increasingly significant. People are pay-
ing more and more attention to energy conservation and emission reduction, and the develop-
ment of low-carbon economy planning has become the consensus of certain countries. In order to
control the carbon emissions of enterprises, the establishment of carbon emission trading market
is one of the most effective measures. With the construction of China’s unified carbon emission
trading market, it has gradually entered the horizon of investors as a brand-new investment channel.
We selected four pilot carbon emission trading markets in China, Shanghai, Beijing, Guangdong and
Tianjin, as sample markets for carbon emission trading, and two separate industry stock indexes
were compiled as sample market indexes. By constructing a time-varying t-Copula-GARCH model,
we studied the dynamic conditional correlation between the two markets in a specified sample
interval. On this basis, the change of risk contagion in two markets in different periods was ana-
lyzed respectively by using Piecewise Granger Causality Test. Through Empirical research, we
could draw the following conclusions. Firstly, under normal circumstances, the change of carbon
trading price has a negative impact on the stock index of the high-carbon-emission industry. Se-
condly, When the United States announced its withdrawal from the Paris Climate Treaty, as well as
the resumption of work and production after the COVID-19 epidemic in China was under control,
the change of high-carbon industry index had a positive impact on carbon trading price. Finally,
the return rate of new energy industry stock index is greatly affected by national policies, and the
change of high-carbon-emission industry stock index has a negative impact on carbon trading
price. Additionally, based on the research results, we put forward a series of suggestions and con-
ferences for investors, enterprises and the government.
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1. 518

HORTHE T BN B% . S0A RO 12 R B BRI BB 1 T v, R S2AE S 4% ) 5 52 G L
(Cap-and-Trade) F IBRHEEAN AL 5 i dh . TERBEZ G HIEE TN, A5 S8 A B2 s K PR FEE e BAe A1 8 240 AR T
PR S SERHBRE 5, 28 5 Ja A ICHE AR A 2 S HE A ) 22 R FE[1] o 31X — T3 ML e K Al
(B HE L A 9 B RS R R, SR T At TR S P R SRR B, R 5] 3 AR AR R B
& I AR B T A

HAT, FER AU B R I E 2K, 253 Ae i & RE Bl (Clean Development Mechanism,
CDM) 5 17 37 % s 7 ) 1 5, AR L B HE IR SE 5 T 3758 5 Wk 28 AU B AT 9 DA S e AR (R T
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JEENAAR B . E RS AT T 2000 AEIERAHEIL 5. I TR, Bilg, Wb, REEREREA
BT RBAREAUE 5 il AR, 2013 48 J5 &3 i 7 [ 828 s s 5 . HkZ ), JRIE & ik
BORAE Z ik T 3 R R, TS HLRIANAZ 5 7k RB A 5835 (2] 26Tl TARI s sk, BE T 2017
12 AEAIEATH B E g A, AR AT R R, 2021 4 1 A 1 HRshE—
ANSEFERRAS 5 (K JEL) . T2 WA G — A 5 i, R R R I s  miniL,  RAFi
IR A (e BRSNS By T 7 (e RE A J (4 i BERTAR[3], e B () — 2D A IR T M R TR AZ 5 1l
IS A ER, A T B OEHAR 3% 5 BB AL 5 37 Sl P A T2 5C & - Oberndorfer 5
(2008) i ¥ T 72 A BB AE 2 T 37 IR R Sl T 7 A AR 2@ 1 B2 2 W JBEATY AT S L S i et 2R [4] o

2021 4F, fE “BRABANT L CRRiAIE” ISR, HEIERR S @ A E G BB S T
X, MEEE AR LRI AN e 35 . 58 5 BRI R, BRERBOBUTT KA B O R B B AR
[ DL K AVaBT R R SR SR . TR, AR S B A I 0 7 R R B HE OB 5 i3 5 B ik HE Tl B
VAT ML B Z2 17 37 (R B B P 9 11 37 - D ER LR A% etk s DR BB BB — X i g AT iR 5
B, ISR A LT B B 7 B SRS L BURT L 11T 97 1) XU A% e it — e IO e 1

2. kRt

BRAEBAUAE 5 i3 SR T e AN IGL . SE BT, A7 dh s Z G WU AS AR . (EF
)5 AN A A 2 20 AR, SO AT BEAFAE TR 2 AR 2R o P E(2015) A F T H «
BRHETBURAE 7 T 37 B A 45 BHIRIC BTN BE, S i e HE IO b R BT SOAS , 51 54 & BEASI A (IR AR Aol
S 51 AL A AT RN GG T SN AR, BT R i A[5] .

H BT 22 AR F TR UE 5 Tt R 5 I S G R A R IR TR 45 e A —, KRB A=3. —
Tl A N B HE T SE 55 T it 36 45 e S0 s 4 2 ) S22 B AR 5 2 Huang (2012) A& BILIK B B HE IR 22 5
Pk TR, BRI AL TR = ETF, A Ak A [6]. P (2015)iE i #4 & VAR R
WHTE T BRAUAE 5 T 5 B 22 T3 3 B A A% st RO, IR IR et B HE BUAT Ml S2 R 52 5 W RS SRR, P
R RII R ARS8 =L sl WA BT AE 5y 117 S YA s 26 45 M SR Wi 2 3R 2 T 52 IR AR SR 1
Smale %5(2006) LA [z Werner (2012)#8iAJy, EAR e BA% il K HEBOR & T 2k A g i, (HA2 X2 A
KEB T B 4R 9 9 730, FLBRBC A B0y BO K e s R R, HRSGE KR 2 52 5
HEr k2 LA FI[7] [8] [9]. Oberndorfer %5(2008)FIAF 5T B, Bk 4 FCIA BE AN A% 55 v 347 Ml 25 & e e
JECEE ARV R AN B IEAR SG K & [4]. Venmans (2015) 18 i 5 BR N B HE BN 4 55 Bl T 38 B0 (0 g B
IR RBATHE T, 48 AR 2 7 AL X B HE OB A% A7AE I [ O RE (8] 3 =MW A R I Y
PITT S AR, IR WA IR AR . X RO BRI S 53 1 2 IR S 0 1 ) S35 (Y 4 9 ] 22
JRAS, HOE T YT A S Al R 80 (B IR, BRHEBURAE 5 e e it A k25 BoR 1 B
T Al AR I 75 AR [10] o AR 5] AT ] H5 (2022) FRITF 782 W BIRHETBORCAE 5 36 Abolb A7 AR R 52 B
AU, RIVRE ST A P RS A 1 T RSN ) BB U RN [11]

LR EPTd s H AT iSO AE By T35 B 2 17 87 (R AR S PR XD SRR 22 B LR P ik HEJBCSE 5 18 22 (EU
ETS)IIAZ HMdli A, B T 04 7 B X BB HE B AE 5y 117 37156 DR 3 [ B HE OB 5 T 3 ) Je Al
A ERE SRS AR TIRE ST E KRR G WA ST ik 454
FHRFEARAER, KO RIFAGE BN T R E BB 5 i 0 r[12] [13]. I H, RER
HHE R EE T3, H AT A B HE RS 5 1 A0 v ) i 2217 3 B IR S VAT 8K 28 DA — BHR RO AE 5 T
Sy el H— P SR T AR B A TEXT R T2 R AT AR SR B SR B S B ORLUSE 5 A BBl 2 A At
FILVFAH.
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Wk EPTIR, ASCHIENH AT 58—, B ATSZ 0 E A AT AR P SR 1 S A A s
W FT, T A SO IR B HEBORL T A0 K Wi 2t 2 23 30 5 vt HETAT e« B REVRAT b e B2 F Bl ot A= R sl 1
I 22 T RV 393 934 9 P T 4 1) KRS A etk A 4k, — @ RRRE EIATE ViU 2 A IF HASOEIRYE
SCUERE LA R IR EUR  FERAT ML Ay PR BB 3R 1 7 — RAIE W, BT @B R . =,
AL IS AZ Copula-GARCH A A173 B Granger [R5 4G50 70 0BT 52 17 P T 3 18] R B A5 25 A AR G
PR YRR, B S5 W 7 T 373 1AL IS P AN RS A% ek M Zh 28 . 2=, HiF AT LR B 4
HOCEARBEA W B HE AT WAHT BEIRAT W S AT O, MO SO g i) 1 v el AT Ml B S50 i 45 2
AHT REEAT AL SN R 1858, RE RSl 1t S BB T BRHE BT ML AT BEISAT Mk i e v e s i oL s JF Hoeh
T AR T2 B R 0 TET S R B B AR AN AR AR, A SO 1 DA R R s T 37,
FEAE BEEERR 1 g 1) 1 BB 7 T m AR 4R AL, X 2 5 A [ S8 BRHFBUBE 7 T 37 5 i U T
Ak BrRESEAT ML EE AT R BRI S H A E .

3. Bt SERNESH

BRAEBAUAE 5 i3 SR T e AN GL . SE BT, A7 dh . Z G WA AR F] . (EF
H 5 A A AR 7 LS BRSO T REAF IR 2 IR R . — T, BRI 5
WA, BREE b B A AR AL RERE N 58 Al X I ORI R LR L, SEBLIABE AN A P Ak, AT I
T A5 S A RN R T 45 % 2 X A A K T, E TS BRI s A Sy Jr T, BRHEBURE 5
WA T BB A R BT AT, BETI A BRI E D RE, 51 A& TR AR Rk, &%
Jih It 51 T P SR T AN 22 GG T SRR AR, BETTRE M B 2 i3 . Wk DA BB, ASCIR B
MEs.

R 1: BRI B AR HIRALK R BB AT M BB A 2 S r B

FEWATI A, T3 EBRHBOAE 5 T 5 SO R, A S WL e AN 583, X BUR KR
SRS P T SR8 B v, RV B BUBURE Xt B 52 5 T 37 A AR FH R 1 6 7038 iy T LAt B AT 3% 5 22 Bk
M. JFH, HATeE g RBRHTSCE 2 1z NIRIE SR — N IEUE L A1, T A fe e &R K
RIEZ o T BRAPIUBUE 5 T3 A% (0 32 B0 E RR R AMEAC B RO A, S iR O AU e, BRHE I
LA BRI T BOLANAS Lk, s ielE R mim sleAs b RNE T B S 77, AL Lk sy 21
Tl D ARS8 5 8 2 7 2R FL B R A T, 3 T A e B TSA T )B4 T i

Rt 2. FBRHEEBUT LR A AL X BRAE 5 A A AE IE [T RS M

T R HE AT L 7 e BRI R R . RV BRI, 4 i  HE BT AT
FRIS s AP T ORAE L SR e A A . B ndb > 4. SRR T BRI, BB U
R AT M A Bt ik, AT HESD Bt ks RIS i T Re s e, BRI N, RIS =
SEMRTIR T, BRHEBBC BB RR BTG DL, AT LT HBRHE BB S 53 4%

R 3: B REIRAT ML AR I ZRAU XTI EE 2 A A7 S IR

B REIAT AL R BIBCR IR . T3 i B KSR IR Z B, BB 7 A BEIRAT LR 3 o 1 it
1, TS EARME A B R H T R R R YR AT M R BCRO Tm BHESAT M AR A R R 2 AR
BRI T W T T 37 43 AU /N TR 7 BE B0 0 T AT R AT B TSI 755K, B FETSO
A2 5 WA+ B TR IO, & BRI 5 IR 1T B

LR, WA 70 A% 5 P ANT B AT I F e B AR S PR B R BON B 2, BB —
BRI AR L], HBg AR B 1 pos. SR ESR PR R BO= AL, 75 Bl — P I SHERT 7T
5
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Figure 1. Correlation influence path between carbon emission trade market price and stock index of two industries
1. BB TN S MTUL R BEX R EE

4. REWESEFEE
4.1. BZ Copula-GARCH !

#3748 Copula-GARCH HALIE H A LN . 1) X} GARCH H AT & LI 2 02 A . T
SrRb it ] AR AE RO R AR, HOEH R GARCH AT @M /0BT . GARCH BRIk 2 551 7y
ARMARME, TSR AFRKRZESMN GARCH AT LBl E MR, 2) BraaEn
GARCH I8 B0 %0 A Ja, A1 Copula AR HEAT 4, BISKRARIC AR 0455 3) A6 FH MR
B HE(FM) R 22148 Copula-GARCH #: 7,

4.1.1. GARCH 1&E gl &

DLUF R ST R, DL “CNP” B R BRHEBUT LB, “CPP” ARFHTReIRAT LA 4E, LA “cavg”
RFBAHTBAE 5 T3P0

4 Rioux s (Stock = CNP, CPP) Sy itk HE AT M AT AEVRAT Ml I SE PR HOTE ¢ I 3R, R, ATBRTE
ERE 5 T AR AE t B ZI I E5 % . GARCH(L, 1) R IR A «

R =t +Z?:1(Pi,jRiH +a;, (1)

&, =0,&, &, ~T(v) @)

o*ft =+ aizH + ﬁioftf1 3)
t=12,---,T

Ht a,>00 20, B,20: ¢, HRBIEIBHTSE R A 4 S BIFRREALG R A1
el R A S TR s p VR B, KR e S TR RO 2R e RO
% 2 91 A FE MR 6, 0 B 36 JL 440 AR(L) - GARCH(L, 1)K SUHCHR F1 %,
B EDABA p = Lo T T A ML B s 2 91, TR AE EIRIL S, WCELBE Jih s
A6 GARCH(L, D)MEATHL A, BT AW e p = 0 (&, } A I AVKRHE b € 515 By ST 7 5 A L2 (R
AR FER), v R U B 0% ~ GARCHQL L) {REFTRAMEII B R N o, + B <1.

4.1.2. ERARMEfLIHE(FM)##E Copula-GARCH 1RE!

ARCAHH Joe (L997)HE H HIT B A HHE(IFM), B R SE X WA IABR 4 A (02 HOH AT AR b
TR pt, = oy (Remvg Wit ) 10, = P (Reosee| ia ) B THE, SRJEHEIEEE T T Ry T Ry Z 1
FURGHIMIM T, BI%E Copula B8 B HOAT MR 1.

B SEIU TTF FUREA (Zgoner Zamge )+ U=12000,T o AP BRI BIANL BRI AT OB HCIAT R SR AT+

DOI: 10.12677/sd.2021.115084 698 CIESES 93


https://doi.org/10.12677/sd.2021.115084

LU

es/t\ock =arg maxt?swck Z:’:lln fstock,t (Zstock,t l//t—l; estock) (4)
Hé\avg = arg maxecavg z:ﬂ In fcavg,t (anvg )t l//t—l; Hcavg ) (5)
Bifi 5 X Copula &1 S H0E AT AR RALSR Ak T
0, =argmax, Y. In c(,uf,uf;&c) (6)
Patton (2001) 4% ARMA(L, 10)id #2, %1% t-Copula 5L 1 R5 il TS b 1 A 5C R A 7 A 20
A 1 _ _
p=A |:\Nt +hp T Ezljozl-r ' (utfj ;V)T ! (thj ;V):| ()

ARHIEREA" = (1- e ) /(L e ) Bz R T LB R RE A S B R W5 AE [0 o, T4 () A2 1 e
VI O BB IS B, AL B v R,

I TR, LR A ARSI AL p, TTH S0, 0, B IR BURA VTR 3, B
REFTRAEN R BRI a+f<L.

4.2. IE¥RIAE

TEARTT, RSO IRERBUT I BB IEAT W SEHE B E AT W SE T 3 1 e s . (H i T7E
& KFEH G A SIS AL BUA 77 A AT DABERE AN m i HE O T DLOET BEVEAT ML I PR E, RSO
BEEAT G S BT L SRR BRI BEIRA TR B A e Fe B . FOP IR R By =00 il
e BB AT M B A8 R BE U5 AT MV B 48 75 B0 55 0 AR AT M Bl i 308 e 8 i ) 2 =) AT 18 H0™ v R G
G I FEAT AR AL B, #5321 [ 8 AR E st s s U IR 300 R Sl 77 %8, il e A LR InAL
77 SR A G R [14] [15]

BARS D B0 iR

1) 7E B BRHERT M H I BB HE R JE R 5 0 )\ KA 0 R < IR TFRAT I K AT #i ATl
FAMIFRATIE . EAATIE . AT A BRI AR HE T . 75 Wind £0ds i H 5 A7MLR
Bk B BB AT AT e . B 5 K AR (851611.S1) TRk TR %0(801040.S1) . H 75 A M
16 T #5%0(801035.S1). Hi Ji&4CHE%k 11 (801143.S1). HiJiHE a4 J& 45 %1(801050.S1). H JiZKJe iz % 1l
(801711.S1). HI /5 #HLFE%1(851614.S1). HI /T HERIF KA EL 11 (801021.SI), FHHU AT\ Fs Bt i, %1
BRgsibig “ST” M “*ST” [N LL R kg5 70% L EARJE T BT i e, 15 3R & H &
ARSI 5

2) WFEBEEAT L, Hvelplund F. (2016)F1)& 7 (2018) I\ Jy, B AE = b 3 2 4 52 [ S HEAT A S A
U SR A ot T IR A5 PR K R RI[16] [17] WO O T S HEBUT W B — @ 564 7 . B3RS B Kk P oAk
J& FBUERERFR P an T B ReE & AT b SRl B REIRV AT I A B . 7E Wind
K 2 0 H 547 48 B DA R A E A7 A8 B b B B R = AT AT FE B BT e R B S AR AL
(857333.51). H1 /7 Hi kU & HI 45 4(851615.51). HHilF Hi LA 4 15 40(399976.5Z), L& AT WA HUR 4
B, ZkRgsbRA “ST” A “*ST” ALK FN55H 70% L EAE T8 seiRAT AN, 49 SR 4
H e SRR B i

3) MREIRA G, 1E Wind &by -FdEAT AT SR gmbl o il s Th B O iR
FRE, AR EY S R 300 FaA I gmtl Uy %8, SREUUE I A S5 A br ik o SRR 7 58, S8 1000
M EIETFE HWIN 2014 45 1 H 2 Ho B B 1175 81T A0 S5 AN AT 2 DR 2 6} B Ak i A0 e
Fi A B AE BT S 60 N3 5 H G it N TR %

DOI: 10.12677/sd.2021.115084 699 CIESES 93


https://doi.org/10.12677/sd.2021.115084

5. SCIERARSER AR
5.1 HABIEEAEAKE

ASCER R Jbnts TR REEAMRARBE 5 i i E AR, 168 IR PUA Bk
B G R R E AN R . — o B T3 AN ERHEOB S 2 111 3 AL R AR AT, B )5 48— A N AE 4%
AL RN S, Tk, ER. fRET IR I R E G, R HERWA, &4
TSI . THIHZE LI 5E 38 B AN IR (38 B S AR s = 2 aX PUAN T 37 RO BRAS 5 7
AP IEAR — B, O, R S A, TR A T B AR A A — AN RO B A T,
B G WFBCNZ B, TR — AN E L) EIRAHE T8 R T R UE A2 5, 1R — AN
ImT A5 E— R B AR 5, SRS A B 5 T A A BOR AT 7 18]

T F R PUAN R R T 32 A8 AE 2 WASAN - B AR I E AR AR HESR T 7 s, S dia e %
B8 i SR 5 A FR [ B 52 5 199 (http://k.tanjiaoyi.com) . H T EIRPUANBRHEBRAS S A Tids T 2013 4E4E
JEREAL, ERALHI], FRES R A X AR RSN BRIRSS AL AR, Sk s il E 1
ANF I BRBCAL > BRI, s T A BRI DL ™ B, SRS 5 B WA E AR E (5] [19]. HIEH|
IR, ARSORYE LIRSS, HFEARHIAE N 2017 7 H 3 HE 2021 43 A 23 H.

SV g T e O T Ml B SRR ORI T REVRA T I AR B A I P B E R e AR . IEER T
A JER B g V(8 E P T st R PR, TS 2 77 3 (R A s 5 £ Lk e vl A T R R AR I 7= AR
BRACE, AHRHAF LIRS, &RAE 5 T e RN B A TE 4 — 8 BRSO SR 4T 7 B 4i—
TRAREE, BIBR T 853 5 T A A% Hh H B8 2 080 A B e o R e, DL R OB E 5 i 3538 5
M xS B S 1T 3 B T IR, S 5 T AR Bdis 5 AT P O RE AR H A 78 4 — 3K

XAS B =N RS 7 AT T A B R ek, 2 SR €] 2~ 151 4 P

Carbon-average-price
50 T T T T T T T T T

40 N

351+ i

Price//RMB
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20 L L L L 1 ! I ! I
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Figure 2. Trend of carbon emission trade market price

2. WA BT iaiNtEESE
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] 5%

BB 2 A e SR &1, A 2017 4E 7 H 3 2020 4 8 3, BRAC G MM AS AR R EFHES,
7E 2018 4RI FH 2019 AR I T 8 MR, 78 2020 AR LA 2021 4F S5, BT A G —BRHEU
Ao IEXHNBLA A EEME R, SR 0T & il .
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Figure 3. Trend of high-carbon-emission industry stock index
3. SEHITIREEEESE

Carbon-positive-industry-index
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Figure 4. Trend chart of new energy industry stock index
4. FeeiRIT L R R M EHE
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ME 3. B 4 ATEIR R, PIAMT AR B ISR — B, PY4E 2017 SFARRIE B mis B R I1E
2018 432 3L 51 Sy M A BRI T R AF R RS &2 00 1 M ATAT S, 2019 FEAFEIAl RS, B S REA L
A RIREE B B, AE 2019 SRR PE EKA, TR E B AR R PG T i, EE 4 A e
H1 T [ B S A AT B3 1) DL AT SIAT SRR B B M BCRAE R R PR R, JRIER AT #E A — B Hi 4T 1%
—E PR 2021 FFHT, BN OGEESTT.

X BA b = BA7 A B 1) e B T A i - AR D T P AR AS WALl R SR O Bl e =, D

Py

r,=In—
Py

XS =AM )P AT RR VRS E 04, 3RS Rk 1 PR,

Table 1. Descriptive statistical results
= 1 R EREITER

giitg CAVG CNP CPP
SEIE 0.000287 0.000139 0.000772
HHALEL 0.000763 0.000182 0.000986
RRME 0.161752 0.053328 0.093939
/ME -0.150468 -0.057637 -0.071720
FrifEZE 0.033038 0.013604 0.018692
)3 —0.555803 -0.218325 -0.112843
U fiE 6.850833 5.105398 5.166579
A ARRE 1 0.00™" 0.00™" 0.00™"
FAALARAGS 2 0.01™ 0.01™ 0.01™
B A SRS 1 0.06" 0.92 0.37
H ARSI 2 0.06" 0.92 0.36
ST FERLR 0.00™" 0.00™ 0.00™"
Jarque-Bera i1t & 599.08 172.41 176.95
Bk 0.00™ 0.00™ 0.00™

1) ARSHh Eviews9 M R 1EF 3.6.3 i 2) 48/ CAVG RIRBRHEIAAS 5 i gyt it Bl i
3y CNP AR HER AT % ZEFE B Bl 35 265 CPP BT REIRAT LV B SRR B X SOl s 26 o J5 S IR
3) RPHOE A IR 10 p MESRAE, T RRTE 19 KCE R IR B B, ™ R 59K R4 I
SRORAE 0% FELEIE 1 4) FPEARA A R EE RS, RARKL 1 R AR 2
Sy A{E L “unitrootTest” 1% McKinnons #8364t 11 &A1 “adf.test” 1145 Augmented Dickey-Fuller #3845t 11
8, R HO BONEAE AR (B P A FAR) s EAECRRES 1 AT E AHOCHR S 2 73 (EH] “Box.test” 14
Box-Pierce f;4 1 Ljung-Box K46 114 Q Geit &, AR HO N Z )5 1 BT P8 B MR REGE T%4
SR AE ] “ArchTest” #:47 Lagrange Multiplier 046 5 522, R HO & 7513 H ARCH X8 ;
IESA AR Al “shapiro.test” #17 Shapiro-Wilk #6536 IEZ& i, R HO /25 5 IR M IEZS 20

WA 1450, AR IR R, =M a2 7205 PR 41); dfid Shapiro £:38 A1 Jarque-Bera
giita, PRI R =AGEER T AR MM IES A, #T LMER GARCH BB HEITIN G MR4E 707
ZRITIRE, AR FHIBAFIE ARCH S8 FAGR IR R Won, AT el ai% CNP
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LU

A1 CPP ANFAE MRS, TBRHEEAZ &) it i ai % CAVG 1 10% ) B 5K FFEAMR, WA
WEXT CAVG 75147 AR-GARCH FAL [l #5, CNP Al CPP /M7l F #lic i 2 U L4217 GARCH
BRI A o B A IR 5 2 R 20 DU B v A

5.2. BRHBZ S A ST B BB TSR HEEX R BT

KA RN=ER Sy B, HE AR BN CAVG FHIEH T A, CUEERIL AR, 8, 2%t
SAUWERFIIH GARCH M TG, BA=ASANLE AT F =, KA
t-Copula-GARCH % 734t CAVG 435l 5 CNP I CPP B 2% A AH M

TEME AR-GARCH(L, 1)IE8L% CAVG 73T 4035, 43 B0 =AM 7 51347 t-GARCH AU skew
t-GARCH LAY HHILA, i 0] EE B A IR BOUSRME . AIC, BIC YHE IR PA K % S50 i 2 1 /KF,
RILt-GARCH HERY (1 25 AN BN R 3, Ml A t-GARCH BB TIN G, R RILA 45 R 3% 2:

Table 2. Fitting results of t-GARCH model
2 2. -GARCH R 4R

CAVG CNP cpPP
ZE
ZHfE 4R e 4R SHE t 4R
0.0014 0.0020 0.0009
H (0.001) 2.5626 (0.000) 0.5340 (0.001) 1.7600
-0.1130 0.0000 0.0000
® (0.041) —2.7426 (0.000) 1.9560 (0.000) 1.8934
0.4995 0.0734 0.0784
a 0.091) 55172 (0.019) 3.8808 (0.022) 3.5433
0.5005 0.8961 0.8941
B (0.235) 2.1255 (0.028) 31.9329 (0.032) 28.0273
2.8801 5.0230 5.8309
v, (0.176) 16.3541 0.773) 6.4986 (1.001) 5.8267
LL 1970.5480 2636.3960 2357.0110
AlC ~3929.0967 ~5262.7925 ~4704.0228
BIC ~3900.3158 ~5238.8084 ~4680.0387

H: 1) BRI T tGARCH A HhiH e R, S NS EChRlER. %S 41E t-GARCH A
RS XN 1 RR & T ITUAEIRE . ¢ %R CAVG 541 AR BRI B EIEHRE, 1%
ZHAE CNP I CPP JF 51K 0 o5 R _E—ASREN I 77 14 R AL B FonPhah W7 22 10 E AT R 3L
vi NIRBNTBUT SR PRI t A3 B B 2) ARSHIE A @R BT Matlab R2021a 1531,
{6 F 0 7845 T2 H /L2 H Mantuos Vogiatzoglou - 2010 4E 42 H ) “Dynamic Copula Toolbox” T2 4f; 3) LL
ARFEATHAUIRE

FEREAFFIN +-GARCH MM AL R A, o5 g 2 MB/NT 1, RH t-GARCH FALF[E] )5 45 R
TR o

B S, AR SC IR BRHE B 5 T3 i I e %6 CAVG 5 mbi HE T L B 2248 B0l 25 % CNP. fiidE
JERAE 5y T M ks IR 25 % CAVG 5T REVRAT ML I 2 F8 Bl 2 % CPP #EAT I 22 t-Copula #5405, 193
(1) Copula Z#1 25 R+ 3 iz
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Table 3. Fitting results of time-varying t-Copula model
%2 3. B2r t-Copula #R B & 4558

ZE

B

LL
AIC
BIC

CAVG-CNP CAVG-CPP
ZHE tGi&E SHE t4ii&
4.1655 4.4311
©.957) 43518 (1.051) 42161
0.0495 0.0159
(0.068) 0.7272 (0.043) 0.3695
0.7182 0.9603
(0.160) 4.4583 0.103) 9.3170

9.1600 8.5930
~12.3200 ~11.1865
2.0705 3.2039

TE:1) RRAROE T AR t-Copula-GARCH BT FZ4fli 1145 5, Horpds 5 WS HOURIE LS  7E I 4E t-Copula
R RB p TS @3) T, SHv Mt AR A M, o ARMBFIRERL, p oA E XA
B per IR 2K 2) ARSHOHHILRERZE 2.

M EZR Pl LR 2, AN A2 t-copula BRI S5 R, o 5 g AN T 1, R R AR A .
Copula # A& (45 RAT 2SI 2K AF AR R RBOE S BN 4] 5 A1 6 s
M 5. &6 MIBhZS AP OC REU P BT WL, BREEBURAE 5 375 iR HE AT M e 52 T 37 1) 3
SFAH R AP EON L HER ERZ IR AR, OSSR RO . We(f Rt
BUEARSRH s TBHRSE 53 1135 558 REIAT LR T I Bh A 55 AR RBCB AR AT BN &, IR
FOEARL X TR ) SR AR ML T, 23 BUWT i B W S

Carbon-avg-price & Carbon-negative-industry-index

0.3 T

02+

0.1+~

DCC coefficient

T T

1 1

T T T T

1 1 1 1

1 1

-0.4 .

2017-07-03 2017-11-24 2018-04-24 2018-09-13 2019-02-18 2019-07-12 2019-12-06 2020-05-15
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Figure 5. Dynamic conditional correlation diagram between CAVG and CNP

[ 5. CAVG 5 CNP HIEhAS KX ERE
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Figure 6. Dynamic conditional correlation diagram between CAVG and CPP
[ 6. CAVG 5 CPP MENZS & HHEX M ESLE
5.3. SHFHHEXRBIESTITEFE Granger R X AR R

TEARATH, B e G B B S5 R B 5 S B 1R 2 48 B S A PR A Bl 2 2 A A 5% R B 15 11 4331
NEN B, BEJER RN B #E4T Granger BRI SCRALLS, LA 134 S RHEBORE 5 i
Z A B RS AL GE KR 5 2, 456 SEBn 22 A T A0 g e B vh % i BRI Bl 285 26 A4 AH 50 R B A 1 0L
5.3.1. BRHEEBAN AN MU R 5 S B T iR R e M am

X 180 Carbon-avg-price & Carbon-negative-industry-index

0.3 [ T voasmizT T o T T {790 T
Y 0.180505 Y 0.184104

021 , L i
= 0.1 il
2
Q
i 0
g
S 01-
3
A -02F * -

X 125 X 197 ! : .
X815
03~ Y -0.327451 Y -0.190935 -~ X739 |
: g Y -0.231874
| ‘ [ | Y -0.258331 | & 01‘237284 | |

-0.4
2017-07-03 2017-11-24 2018-04-24 2018-09-13 2019-02-18 2019-07-12 2019-12-06 2020-05-15 2020-10-16 2021-03-18
date

Figure 7. Dynamic conditional correlation coefficient distribution of CAVG and CNP
7.CAVG 5 CNP BIEN7SEHEX R B S E

XTSI FAFAOE R BN 7 BEHEBUE R E X ], BB SIEK R REUE . g E Mo, Wk
B 7 B o ARAEENZS AR N VAR DX 1R) A DA e 4 A B e i K Pi sy SR il e et 45
W2 TE AT 73 B, A3 BB A H-BANB BN 4 s .
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Table 4. Final subsection interval of CAVG-CNP logarithmic return rate
#= 4. CAVG-CNP M #U I E R L 7R X(E

B HAIX |
FE 2017-7-3~2017-12-31
FNE 2018-1-1~2018-12-31
=B 2019-1-1~2019-3-31
VYR B 2019-4-1~2020-1-20
BRI 2020-1-21~2020-5-31
R B 2020-6-1~2020-10-30
ErRmiiiz 2020-11-1~2021-3-23

TSR BRIy 5, SR BCERBEAT Granger RIS E RZA65:, LLodrdE—BrBORiRHERUTIL B 2245
S HEBRAE 5 i35 2 [0 A AL 42 1) Granger IR G R . 7ESLZ AT, Jexd AFEIM B s % 34T ADF
KL, RIS BRI A N PR 5, AR LAE4T Granger RIS RAGL . & B IR 45 R ande
5 FT7RN o

Table 5. Granger causality test results of CAVG-CNP
%2 5. CAVG-CNP #J Granger EIR X REIELER

EABBE CAVG A& CNP ¥ Granger JFH CNP A& CAVG ¥ Granger J&H

git& Chi giit-& pfE Chi &iit-& pfE
BB 2.1868 0.1392 0.4856 0.4859
BB 2.8232 0.2438 1.6923 0.4291
U= 0.6852 0.4078 0.0127 0.9103
BB B 5.6129 0.0178" 0.0895 0.7648
EH B 1.2446 0.2646 0.0892 0.7652
BN B 0.0785 0.7793 7.3137 0.0068™"
LB 4.2284 0.0398™ 0.4950 0.4818

1) BB~ E=HrB (0174 7 A~2019 4 3 H)

B, WBRHEBOR S 5 30 3 2645 A HE ST I e 22 F 801 2 R 1 B A8 5 AR AR 5K R AU T A3 50
FEH MBI =NBA, —ESEKMARKREEIHEE A B B G DS IRAS

MIrBE Granger NI RAGILE R ARG, EHE—EHE =B, PTG RIE EASEE R
(¥) Granger [RISIGH . X n] B2 IR BB & BRHEBORCE ik AT A Nk VS L 3558 5 4k
DAB IR B 5 A BB MR, SES M 528 SHUH#R AL T8 o 24k Je, ik
VF 2 BUR S0 538 HHLHIE AR S 5238, SENTIHE S BAEIEK.

HR, R gE RnT e 510 = BUh BRI T K 2 8 N ATAT I 0. 16 2018 47, JRIE 4k L7k 5
A PESE, WP RS SEAT “ =230 Jikl, SRR Py fE BT AR N, 6
N ANME AN G RRASN AT e [FIAE, RT7HE R ik, SBERE M 02BN, RERS . 4t
AT Z 3 — e B Z R Pt . 10 2018 4F 2 H SR IR k5 A M 2RI T P9, A Bt RS2 s 2
=, HTREIEAT Ml 8 BOR B HE BT 0 B AR B A2 K AR AR S R
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2) SBIUMB~5-LHrB(2019 4E 4 H~2021 4 3 H)

MR ESCSHIEAE R, 2019 4 4 A2 )5, R EWRE X AN RAEVE I RAnos, X R uRE KU A% JL R 4210
T PETENY IR, 1M Granger PRISROG R M0 35 MEIG SR REMIE T iX — fle JLHREEDY. 75, LR BB
T LA Granger BIRSCR, H M BUh T 2 18 %A 2351 Granger BRI R K R

VU BRI -G BN, BhA KA RECE RE W OHOE, HIGE S A5 R I B
W BRHETSUNAE 5 1 3 (R A% AR B0 i BcHE BT I S F e U B HA R34 1 Granger ISR G R X—45ik
BAFHIENE T ESCIR BB 1, BIIE S 1B 00 T BRI 55 ks xeb i B A T L I SR 4 BB S 5

BEAN, AN A B R AR — e . 2019 4F 11 H 4 H, EEBUFBES B
B (ERE) « —F)E, REIERBHIZAUEZL, SOV E N2 T hE—— AR I E K.
MBNAS AR O R EUS 7 B ] A B, X B AN B TR] R0 L 7 1 I T W AR X0, R J R T
T [ 138 HRE I AR R T Sk L AR M P AR TLBE, T 42 7= AR R B B T 24 K A 7= (g il
B, A T BRHE AR (6 75 SR 2 B PR RO, Em e T BRHE RN A% . X —Z5IRIIE TRE 2,
[ BRU5  2055 LR R R A R RG TR, T RE 2 7E A A 8 B e S A A 8 1 o I 1 XU A
BEAE, BRIV E SR AL e R R S A%, BT S MR BR HE OB L 5 T A A

SR BRI T 2020 AEAERIRG 2 AR 3 H, FRE AL TR iR A I N . 4T (A 4 A
HITER T by RIUCHKEAE 2 A, 3 APUE I, BRI BE R E3A—F R AT, i thF 2404
[ & T S8 TAFr=, ST EMRH TR Z WD, s L&A 4=, b =
SULBRE BB, S BORHERIE 2 8 BUE R AL r= i IR IE N R, DB HE RO 5 % R B3
AL, WEEE S AT AR E AR BRI E . X 3 8T TR ™ AW A R AT AR
BB R S B 5 T A M S R I B A AR REOF A B3 . O L HIRE &
Z ) Granger A% % .

T B B B4R T AEBEN 5 0y J5 e ARG B BAEMI G, ZhAS F AR OC REOCLZH 191 2 1EH
YRHEKT o SENM BN, FRE A TR E AP B, AEVEE N CREATRE TEM. B
(¥ Granger BRISRKFRIINLRER, AA1E N B sUT B SRR Bl ot 2 2R HEBN AL 2 T i Wi i
M EZE RN Granger IR R, HERBER TEM-ME, & =femE T, Fn ERE AT 5K
T MIBOR, AR E N TSGR 5 ) BEINR,  1X 8 7 WIBUR Re 6 0F— B a5 08 2 5 T A lb =R
o I BT O T, AT s e S ks Bk, BT 5 Bh B HEORUSE 5 Tl s ks 4 s

5.3.2. BRHFMUR B IAMN AR R S FTee iR T R R Bl s

X 182 Carbon-avg-price & Carbon-positive-industry-index
0.2 Y0.17413 T T I ‘

0.15+-
0.1
0.05

X450

Y 0.0717235 et T
o

Y 0.0556706!
o

DCC coefficient
(=}

-0.05
X311

-0.1
Y -0.0738913
-0.15 X 524

X 601
0.2 I I | | Y -0.13582 Y0128 X777 e
2017-07-03 2017-11-24 2018-04-24 2018-09-13 2019-02-18 2019-07-12 2019-12-06 2020-0Y-0.1722570-10-16 2021-03-18

date

Figure 8. Dynamic conditional correlation coefficient distribution of CAVG and CPP

[ 8. CAVG 5 CPP HIZh7SFMHEX RS E
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XF NS F AT AR OC RN e B IR S (X W), A BB SR R R AL S A oL, b
K 8 Ffram . ARUEENAS AR A VEAR DX 18] ) A LA e 45 & R e i K P mi s SR o, W e et 46
WLEFE R AT 70 B B BIR A M- BL R 6 Fros.

Table 6. Final subsection interval of CAVG-CPP logarithmic return rate
7% 6. CAVG-CPP M ¥l i R & o ER [X (8]

BBt HHAX [|]
FbrE 2017-7-3~2017-11-27
B 2017-11-28~2018-5-23
HEME 2018-5-24~2019-2-23
EVUR B 2019-2-24~2019-5-14
HHME 2019-5-15~2020-3-31
FEARE 2020-4-1~2020-10-11
BRI 2020-10-12~2021-3-23

TE 56 B B X 43 S5, A — B B B HE TSR T 3 4 1 W 28 26 5 0 e R AT I B SR 4R 0 &R R AT
Granger [A5OC RS0, AT AR 2E— D BRI 1E 8 — B BORT B RAT MV I S48 05 B HE OB S 5 i 47 2 TB1 i)
A AL L1 Granger PRISRIGER,  LASAIWIAT173% 2 A1 7E AN [R] B [R] B B (0 AU A5 77 1) o XA [R] B B AU
R AT ADF K58, RILEB B0 &P FI 5 8 F R T A1, AT LLIEAT Granger BRI E R A E0 . S B
ek R 7 fion.

Table 7. Granger causality test results of CAVG-CPP
5% 7. CAVG-CPP Y Granger Bl R X RIRIER

RS CAVG A& CPP K Granger FH CPP & CAVG Hj Granger EH

Giit& Chi giit& p & Chi Gt & p &
H—MrE 3.3263 0.0682" 0.0114 0.9149
BTHEB 2.8299 0.5867 0.4319 0.9798
M 1.7939 0.1805 0.1579 0.6911
E 5782t 0.0456 0.8310 1.2288 0.5410
HHME 0.0035 0.9527 0.4864 0.4855
EAB 0.0824 0.7740 6.7464 0.0094™"
FLE 1.8320 0.1759 2.9538 0.0857"

1) B—HrB-~-F =Bt (017 4 7 H~2019 % 2 H)

Hi R RS R i3 A, S — B BT 5235 1 B HE OB SE 5 1 3 B8 B8 IR AT ML Fa 50 B2 1) )X
RrtL YebLil, HEhA A REUE SUHSORA: M. =M BFA T Granger KGRI
A TR 2 E FKBOR MR, LT ABER VI AL, 50T 58— BB e 1 AR 4%
ZepLil .
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LU

1E 2017 427 A 26 H, BEFKME. GRS TNTERRA K OSTHEE At 045 0 P o0
PP R R RS LY, $RITE “F =7 Wi, AR @M@ RE, WKV G, i
PRI HE G . R OB N RIS TERGE . B 2020 4F, AEEEEHUEIEHIZE 11T RN, 5
WA, BEZKALE 2017 AFIK T X6 R L RFREE 1. 2017 42 5 A, ERRRIER TR GSTHRIETH
AEREIR = R AR R RO T RGBT B E] oA ORI BN 52 b [X A B R
BORURERRE”  [F4E 10 A, KSR RARER TR TR MR Bl s 5l mnn@sn) , 123
BIF R ATR BT HNA 5k 05, HESiBRRE . X — RAVE FIECRIGHE L, kg o0 0GR AN
BURASZ GRS B E . BATHUN, 7= b AR = R sl A Qa4

PRSP 52 B BSRAR S BRI, 5 SUHETBURUAE 5 T 3008 3 U 55 — B BB B A0 75 SR 23 b
MBS Gy A% IR EE 1) AT, FFAEBE B S PRd R #;  Tf AH DGR 45 A B A% D 3 i s e 4
TERTREVREAT WV S HR 4 b, A AT W B AR R 2R AT, EMERIEZGH . B=MERM 1842 A4
BRIGETT BB, 24T ML AEE 0 (ol 0 2t (K T30k 300 6%k, PR SRS IR, IE WU I R4 DL B Bk
WA IRFEE AR, AR TR & B B AT ML ) K Re

2) EP0. BFHHB(2019 4E 2 F~2020 4£ 3 H)

MR FSCSEUES R el A, S0, BT B T IR E W3 Granger IR R, HA S IURK
BT IR RECR IEARDS, HIRPZ 2019 48 B R E R4 — BikATH, AT iR E b R b
Bk, T (RS SR I P A BB R, 0 T RREC A 7 SR AH R4 A, W I T T IEAR ORI T, (H
Fe VA L AR G I . T B T B SO S B, R SCE BRI T IR 43 [F B
T4 A% 7=, BHEBGAS S B I AR = I R IR b, DR B OB S Gy i %R &R, M
M HEA 5 AT B0 AR B R

3) IS B-EHrBL(2020 4 4 H~2021 £ 3 A)

Rl ESCIUES R T AT AL, RSB B (2020 41 4 H)JTR, Pimidglal dial 12 2 f)8H) Granger
PR OG 2, B MBS 117 0 1) B HIETBORUAE By 7 3 1 B 1) XU A% 32 o LI I B 785 S5 A1 AH 56 SR 3800 1 Bl R B,
PRI B iAo R BRI R M ARG, HIR(E RE X By EF .

TX — I A AR 2 R L E B HE RS 5 T A 56 D T HE B BRSO A i — /M Be. 2020 42 11 A, [
SBEARATTEHIR CHrBEIRIS AP R R (2021~2035 4E)) , Hrrdi, #2025 48, HriclRENE
HEREEIRENFHELEN 20% /44, 2035 4F, g shiRE BN HT B E RN E R, A LA H
AR Bk, SRR EIBI ESE B AN . B 2020 4 12 HBR, WS TESW. EREER
AEUE TAE I, R ZE 4 E R A TAE S BOH 4kt “ MUl ol i B A B SC AR & . X
—RHNFE BRI G, RSN BB PR B A Granger IR SE R KN R

X—IGIUE TR 3, B2 eI AT\ 52 B BUR R S R 2RI, #0858 2 PO e AT Ik i )
B K. FEESEI, MBI ks FE T IR R G e IR AT R BORX T m R T
AR TR, SBT3 03 B i /N T 98 b r= g, AN 3 T A ORI 75 5k
FUFBHE B 3K, BRHRBORAE & i e 3 It TSR 150, & SEEAL S M Nk, i1t
Ab, FETE 2021 FIEXTF B 2 EORHASIAAS 5 T AL 5, &S iR s i 7 AE & i AR BT A 75
KIS EOX ST R T 2.

6. HIRSEW

ASCEIE I A t-Copula-GARCH BRI TE 1 i HEAN S &) 14 73590 5 v b Tk e
VBCERAR BB A SR AR, JFAIA] Granger PRI SC A A6 56 73 9 A T 3048 A [ IS XU, 1% 55K 2R Y
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Ao SLUEHE TR I .

F— IEEWHT, HERECHURAN, BHRSBGH BL A RSR T S EOL O B, iR A ok
e A _ETE R R B AT, Al 0 A A 45 58 2 T B A I K, e e ol e B A T L 1
AR T Bk, BIBRSE 5 i B B AR AT e B HE AT MU A8 4742 T R 2 o

W, HREEATIR I ERARFAN, DUERERR SR S A RS MR TR B, AR
B 2 i A% A A 5 B4 O 3 B0 KU A% 077 ) P RE S AR, el S fAk il RERE M SBSRAN A, HE TR
Wi B HE TR SE 2 T3 i o SIS v B HETBAT MV 6 O3S AN BRSE 5 i Ak A7AE I R 521

=, BREIRAT ML AR 5 52 B R BUR RN, ARORKE R BRI A32 BIBOR IR RF S5 I 2R B
Bew S AR REIRAT ML S 0 AR ARG U, AN S B B Bk R E R G R e
VAT W B BORAS T HE BT AR R R 22 R 3R, 3 S0 B HE AT Ml T 117 37 43 B0URH X 248 /0N T k2D 7 i »
Il D ot T AT ORI B HE IO 1 7 3R SR IBOBUAE & i ) - L TR s o0, & B S
&R, BIUH BEVSAT ML AR IO A A RS 5 A A4 SR RIS

BT UAESER, A RIREURF . Aol A5 e DU 2.

B, BUNT R P e e E G HB 5 i A AL, InsRTs I, IR X R AT
AT B RR , BHE B B 2 B AT, ARG b S 2 AL, AT REREAE —E R
JE 3SR AK (RN . BRSNS HE A AR P AT AR B I AR 7 B AT R P T, DA A
IERHE A R T S 13 2 R BRIRC AT LR AR AT A

S5 IRV BRHEIAT b A Ml R I ) B U B, AT BE AT R Bh Al AE B AT
“HRIRIE” I AN 23 R A AR 73 2L AR, B R BN s B HE B (¥ 58 E T RS AT 3L
ST ERIIHE, AR T AR B RRED AT

Bt A it R B IRE (B HERAE 5y T 038 AT AN BB B, e i sl el i SR 2L, 4
LB KRR, B AR B S RAT BRSOk @ am i Bah v, AN B 2Lt T RS R H K X
Rrfe e, [, BEHRBRE AL A0 A R, HrREIRAT L 5 B ORI 3 B I AR ok ok 50w, Bl 1
PIEAFAE U ICE, BB AT LB B HAE e b Ut B R AL & AU, ROABRHEBORAE 5 i3 A L
e B 5 52 B X WL AAF I b ot 5 R SRR R, T CABEBE 3 5 B U1 G U AR A0 S5 2 A DL S
FAARPBR I 6 I 7 EOBRHEBOR 32 1) 22 A T T A F R R LA
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