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Abstract

The problem of climate warming is becoming more and more serious, countries adopt carbon neu-
trality to deal with climate issues. Market risk increases with the expansion of the carbon financial
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trading market. Analyzing the volatilities of carbon trading prices can effectively measure market
risks, it is great significance to the prevention of financial risks. Therefore, we make use of the condi-
tional heteroscedasticity models to research the volatility clustering and asymmetric effects of car-
bon neutrality stock return series. Empirical analysis is carried out with the CZH Index and CCIAM
Future Energy Limited stock prices. The results show that the GARCH model has a good fitting for
the modeling of carbon neutrality stock return volatility and asymmetric effects.
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1. 51§

B AN BHE B 200 SAE — NI A B ) e AR W e e R &, i AR AT, i Al
SRR TTREMHE. ARG MRS B G770 AR, B AR AT “ B .
SRR AR AT H bR b E BRI BN T AR —[1]. BRARBOE S a2 ALt A BRI & AU R kb
A IR A ABRHRBO R F T 3L 1997 4 Rt ERUGE ) HBHRBCE 5 X Pt b, 1R
R DL AR AR 2 I S SRR ] R B B A7, B AR E R — i, NIRRT —
FABHEBIAL S, FRRERAE B3 (2] P EITERRSE 5 77 AL TP B, BONTBRAE 53 = A A 52 5
TRECHATIE T, Ref® g Bk 4 Rl Tl 32 RS (1 VP A A0 T e 202 4 Y, gk i Do 3 Bl ik o AN IBORE Y it
JE TR A o

Mandelbrot [3]F1 Fama [4]% 45 H Gl 18] F7 51 PRI B A7 7E A6 U 20 SRR RFAIE DA SR ORI J2 R ARFAIE o« A
FUBE R R A BN 19, Engle [S]H H 814 241457 77 Z A8 (ARCH) A1 Bollerslev [6]1) X H [=1)4
A7 ZERE B (GARCH),  AHULA SRl 4] /3 41 B s VE S it 78 23 R BR 8 2Rl . Nelson [7]#11 Glosten %%
N[8143 A#E Hi#6%0 GARCH (EGARCH) LA K GJR-GARCH 7Y, I i ZRAR 7Y Z ) 1 4> @bt [a] ¢ 51 9% s P
AT 280

ERERTIAN “HsR” , BN ZFETI T RS 5 RS 5 50 3N SR 1 . RIEJE
A DA B AN R S o B oAb 5 [T A T B HE TS G0 I A I SRR AIE . S[R3 s 7k A [10] 55
F ARCH H528 jetof v /N RAB B B S A B e sh A% BABE[ 115 ) GARCH SR 78 i AL B 28 5 i 37 F U
MERFH, 45 RRYIFET GED /A5 GARCH Y GEAE -t 35 S PR i (1) 920 [ AR AIE , (H 3%
A BRI R F (ARG RR ) A 45 /N [12] 5548 A B AR XS FRAE Y S AR5 7 (1 HE 28 T B 7= b
TN LTS8, RITEXT I AT @ F b, BRI AR R B BB 3 2 FEFE[13]%5 A
/7 TGARCH 5B 5%f 30 5T b g 55 1 X BB HE OB S 2 B i AT e B 82514385 Lasso Bl ik
H 7 R R E BRI RS 0 R R 2 B SR N[LSR A T 2 e RIA T 5 E R i B 5, AR
BIRAE Ty RS B RENA R 3 AT TR 9E . 350 2 B A T AR R AN WA & 7 A R A8E, (RIS 26 2
B IR R A B2 A 78 53 IR 5

DR A SCHE M AT FE A b, TEXTBRAE 2 I A B B 28 s AT, 51 NAEXS R GIR-GARCH #74Y,
HET T AFRZER B T GARCH IR B EEAN A% Bl 1 9 e J 2 M AN Bl SR AR RS R,
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2.1. GARCH j&#&8

R FFF {y, } 9 GARCH JEHAL,

Yy = \/Egt + 4,
ht = Var(yt | Ft—l) =f (®, Ft—l) (1)
Hoh £(0,F,) RBMOAEHIEE F L, = {Yon Yoo Yoo} M—ATTBEEL BEIQ)EE T —RIOKIE

ST AL
1) i f (e, Ft,l)=a;+iai yo. s MBARAL(1) 2 ARCH 55, —Fh GARCH HEAY Rk 5[5

i=1

2) W 1 (0,F ) =0+ S ay?, +3 Bh, » BB ) GARCH BUIHFHEL R [6]:
i-1 j=1

3) Wk f (o, Ft_l)za)+zp:(ai+yili)yt2_i+iﬂjht_j; LA (1) /2 GIR-GARCH ifi[8]. H,
i=1 j=1

FORFIAT I 2y, <O I, FRRsB BUE Y 1, SIEUED 0o I T A ER R B, TR i o A R
TRT BT 25 A 20 A AN B 5
4) IR £ (0,F,)=0+ay’ +Bh, BAKE()HN IGARCH(L1)EAL[16];

5) ﬁu%lnf(@,Ft_1)=w+iaig(st_i)+iﬂ,- Inh ;. Hha A 1 g(s)=06+7[la|-E(a])].
2R (1) %78 EGARCH 7{&{@[7'1 a

6) W[ f(0.F.)] =w+i%(w_i )“éaﬂ(y;i )“élﬁjh[_,- Sk 5 MBI, W)
#7579 PTTGARCH f7[17]. Ii If :
2.2. HAWIRERE

221. 2 95%
TESEZBRN o, — e B R R A A RRE, [REE &, IRMBRTEERL t 20 Aii . T LLTH5H GARCH
FERILE t A3 A (B L 2 ALK R 5L

T D((v+1)/2) 2 ( (yt—ﬂ)zJ (M)/z’ @

(s 3el00%0) = [0 2=
Hoef, () &

222 "XIRESH
% &, AR L2 53 4ii (Generalized Error Distribution, GED), Fl-4 % () 2 AE LR R K 7T 5 oA,

(v~ )R] |
it PRI

T vexp( -0.5(
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3. SCESTHR

ARSI B AHEIE ] I 9 R Rk o AR H(CZH) LA R AS BEAR BRI SR A A AT SEUE AT . Horh CZH S HU
2018 4 12 F1 28 H % 2021 4F 12 J 1 HiY HEMN A S8, it 710 ASWIIME; 15 R fIChrIEHUM 2015
1 H 5 H% 2018 42 7 H 17 HRHUWEEMNAE 5 5 d, Fit 869 ANWLIIAE o X 9 4L HicHE s~ AR 46k .
r,=10(logPR —logPR_,), B &R HWEM . ASCIAUE T R 4 rugarch. PRAHEURE A LS Tt
TSR AE 1 Fis:

Table 1. Descriptive analysis and ARCH test of two return series

F 1 RAREN B FIRIR M S 4TF ARCH 1638

HE 77 % e P i LM #5356
CZH Xt #2571 0.0156 0.1471 5.1213 -0.3071 29.82 (0.0030)
5 REAIC B Bl 26 7 41 0.0080 0.8165 16.3828 -1.5350 175.24 (0.0001)

N 3 Hp AT R S B R O B R A ) LM ARG p BRI/ T 0.05, i 12 B LM KRG R B 7 41
7 ZERARFFVERT, ULIATRZEF a7 A AR E K ARG OR &R, RaR 7 FUAEE ARCH RS, K11 AT DAadE
1T GARCH(1,1)f1 GIR-GARCH(1, 1) BB ()40 G o PP A I FER KT 3, RUIAHE I B A RIEE R
(IFFAE, {H CZH MIEREE N 5.12, /NTEREIRERIVIEREE 16.38. {3 REACEK MK, H-1.54, X
FEHIBEATAER IR S . CZH AEA AR FRIE, 15 BB I AERT AR I 2 B35 1

[ B 1 1 P LR O B 2 R A R (1 1. 1 2), ATDAE Y, PEERR A 5 B8 A o I B ARk
FRIGRF AL

CZHTE%L

A

P
S 5
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Figure 1. Diagram of the CZH log return time series
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Figure 2. Diagram of the CCIAM log return time series
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WIRUL_ EVIE 45, 84 GARCH #% ., GIR-GARCH %! L % EGARCH & Gtk 35 8 71 1#E4T
BT, RZEH, FHESSAN) FHESOMT SRZE/ A (GED) =FORFE iR 2=, 455
W FrR:

Table 2. Estimation results for CZH return series

2. CZH MR B R BT ER

GARCH GARCH GARCH GJRGARCH GJRGARCH GJRGARCH EGARCH EGARCH EGARCH

-N T -GED -N -T -GED -N T -GED
0.0144 00158  0.0151 0.0124 0.0161 0.0144 0.0088 00138  0.0124
(0.0048) (0.0045) (0.0048)  (0.0050) (0.0046) (0.0049)  (0.0049)  (0.0046)  (0.0050)

, 00011 00005  0.0007 0.0015 0.0004 0.0009 -0.3375  -0.1231  —0.2366
(0.0004) (0.0003) (0.0004)  (0.0006) (0.0003) (0.0005)  (0.1183)  (0.0731)  (0.1215)

, 01339 00889  0.1060 0.0976 0.09031 0.0941 ~0.0682  0.0380  —0.0402
1 (0.0301) (0.0273) (0.03125)  (0.0332) (0.0280) (0.0335)  (0.0383)  (0.0284)  (0.0454)

5 08235 08971 08679 0.7914 0.9094 0.8470 09100 09681  0.939
' (0.0380) (0.0324) (0.0383)  (0.0526) (0.0469) (0.0523)  (0.0302)  (0.0186)  (0.0308)

) ] ] 0.1001 0.0199 0.0482 02923 01969  0.2510

h (0.0706) (0.0551) (0.0704)  (0.0484)  (0.0533)  (0.0588)
y ) 55963  1.2902 ] 55118 1.2992 ) 57715  1.3096
(1.2270)  (0.0944) (1.2147) (0.0963) (1.2977)  (0.0976)

ﬁfﬁ ~385.8553 —403.8064 —404.0512 —387.3438  —403.8626  —404.3457 —389.4088 —404.9676 —405.5315

E: 5 RRR S R EE .

Table 3. Estimation results for CCIAM Future Energy Limited return series

3. (RRERAREIRBUE TR

GARCH GARCH GARCH GJRGARCH GJRGARCH GJRGARCH EGARCH EGARCH EGARCH

-N T -GED -N T -GED N T -GED
4 00217 0.0508 0 0.0430 0.0569 0 00482 00528  0.0434
(0.0090)  (0.0093) (0.0099) (0.0095) (0.0098)  (0.0092)  (0.0102)

, 00266 00626 00003  0.0255 0.0524 0.0003 -0.2309  -0.5015  —0.1514
(0.0058) (0.0166) (0.0007)  (0.0057) (0.0136) (0.0008)  (0.0763)  (0.1426)  (0.0771)

, 05707 05231 00750  0.8402 0.8967 0.1094 01742 01280  0.0948
1 (0.0755) (0.1379) (0.0090)  (0.1223) (0.2507) (0.0222)  (0.0415)  (0.0595)  (0.0383)
5 04284 02729 09178 04376 0.2983 0.9157 08547 07357  0.8999
' (0.0568) (0.1018) (0.0067)  (0.0597) (0.0903) (0.0105)  (0.0392)  (0.0715)  (0.0381)
y ) ] ) ~0.5576 ~0.5620 ~0.0611 06714  0.6465  0.5408
t (0.1224) (0.2409) (0.0319)  (0.0806)  (0.1042)  (0.0856)
y 3.4022  0.1848 ) 3.5348 0.2881 ) 3.6736 1.9714
(0.4316)  (0.0127) (0.4676) (0.0151) (0.4990)  (0.1890)
Eﬁ ~386.2755 ~312.8241 ~153.7837 —372.7565 —309.2308 —220.1517 —366.6481 —306.6762 —366.6419

e A55 WETR S R B EZ .
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H 7 2 g5 a4, CZH Ui ai 27 51l GARCH 1 7fll GIR-GARCH #E Y k T #EE I 0 RIATAT R5L 5,
AREI, HRBHIEZE, WHZFHARA NI, =/MERN g Ik H&s Ry B m, B
LA GARCH MRS 47 (4 3K )7 51/ GARCH #(i: Hi#¢ 3 S5 RAr %0, T3 peARm £t , A
GJR-GARCH HRMIE (% REOY B2, I HALH Ry, N U IR i) 1E OSSR FRI LS
FCECHA i, M EGARCH fliih&5 vl s, RECES N EEN, FULWIEH 755 e i, REUhH4S
5 (S RRARAR 1 AR FR KR AT 50 45 FAH— 5. BRI GARCH TR W35 BB Wi 2751 5 [
SRR E A B, o + B <L UG R T BN AR, BRI S A% 2 1B B SR AR E 1)
DX T AN T A ) A S0 A SR (1 A 7 1o

Table 4. Comparison of fitting effects of different error distributions for CZH
#* 4. CZH A FARIRE DA BERITEL

WA AIC BIC sIC HQIC
N -1.0787 -1.0529 -1.0788 -1.0687
GARCH T -1.1266 -1.0944 -1.1267 -1.1141
GED -1.1273 -1.0950 -1.1274 -1.1148
N -1.0801 -1.0478 -1.0802 -1.0676
GJR-GARCH T -1.1239 -1.0852 -1.1240 -1.1090
GED -1.1253 -1.0866 -1.1254 -1.1103
N -1.0859 -1.0537 -1.0860 -1.0735
EGARCH T -1.1270 -1.0884 -1.1272 -1.1121
GED -1.1286 -1.0900 -1.1288 -1.1137

Table 5. Comparison of fitting effects of different error distributions for CCIAM Future Energy Limited
5. FEREHRATARRENS BRI EHRITEL

WA AIC BIC sSIC HQIC

N 0.9034 0.9255 0.9033 0.9119

GARCH T 0.7357 0.7633 0.7356 0.7643
GED 0.3675 0.3951 0.3674 0.3871

N 0.8744 0.9020 0.8743 0.8850

GJR-GARCH T 0.7297 0.7627 0.7296 0.7424
GED 0.5235 0.5566 0.5234 0.5362

N 0.8603 0.8879 0.8602 0.8708

EGARCH T 0.7238 0.7569 0.7237 0.7364
GED 0.8626 0.8957 0.8625 0.8752

4, F5HIRT GARCH. GIR-GARCH Hl EGARCH HiRIZE = i AR [F M AR Z R T, HoAH M
ff) AIC. BIC. SIC Al HQIC {8, Jiid F b i) R el LUK L : XT3 CZH 741, i H GARCH BLAY[#) AIC,
BIC. SIC HI HQIC {E#FAHM )/N T GIR-GARCH #%4, EGARCH #A4[#) AIC. BIC. SIC Al HQIC {H &
PR T GARCH B2, [HttiE ] GARCH #l& CZH B BUR B i XT3 se kit , @il g
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AIC. BIC. SIC f1 HQIC {H, wJLAHIIE, f#f GIJR-GARCH 1 EGARCH #5144 56 4T A3l & R,
NZA G B R AR R RRAE o X T aX BB, A t 43 A AT GED 2 A LA IR AR AR L IEZS
SR IIEE RAT, X i SRR AR R R R s T . R4 GIR-GARCH 1 EGARCH AR B[ 3 A 45
B, XIRETFINHAT 57 ERRUE AR B, R BIRME IR TR A, [RIRSHZ T AT AR R, 4
B 6 Fros:

Table 6. Standardized residual square sequence white noise test
6. tNENKRET S FIIARARE

Y i J5 w7 H p fH

1 0.4621 1 0.4966

CZH GJR-GARCH-T 5 0.4668 5 0.7094
9 1.2772 9 0.7944

1 0.2297 1 0.6318

= R GJR-GARCH-T 5 2.1014 5 0.5947
9 3.8256 9 0.6185

1 3.8120 1 0.0509

CZH EGARCH-T 5 4.0401 5 0.2492
9 4.8362 9 0.4538

1 0.4840 1 0.8258

= ek EGARCH-T 5 1.4910 5 0.7421
9 2.9018 9 0.7751

M 6 dRTLUE W, 7E t AR, WA LB MRIEMN p (KT 005, =ikE
GJR-GARCH(1,1)5 EGARCH(1, 1)#E A% i & 1 05 BB N 78 55, 1R IR - B GED 73 A iR
WG T, WERRMULER, H LB RS &R p EKT 0.05, [FB &I H A REIIR N,
E B R Ak 22 31 ST . R, GIR-GARCH 5 EGARCH BRI a5 B AR BV N 78 7, R
PO E/ i E R S-S AP

4, g5ig

ARSCE A =R ZE A GARCH AL, BIFFURRAS 5 B I 8l I . AIC 2585 R, 1
WA 55 152 bR, GARCH BAR BERS # ar s ftl & CZH 741, HE A t /34 Fl GED i % 2 ) GARCH
R EE IS0 A iR Z 1) GARCH 1A A S IF N H AR, 111 GIR-GARCH Hil EGARCH A RE 545
U M F A A5 AR AR B ZE A0 A% B0 (I AEXT R &N, HA&FE t 4 fl GED 43 A iR 211 GIR-GARCH 5
EGARCH BRI 1 b B A IER i 1% Z 1 GIR-GARCH 5 EGARCH HERIRE A S5 47 (R4S 508, i
A IE AR RE 8 A IR B 2 2 v SE BRI R B AR AR

RIEAE SERR e @il b, R R AT t 70 AiEl GED 73 AR Z ) GARCH #5%!, GJR-GARCH A &
EGARCH 58 R 15 2 S NG v LA 45 51, AT SHIE 0 A8 B GARCH ZEBALX B HETBOBUN B UL 2
BN S R ANAERT AR B A RAFRHLA RCR, 6808 8 [E Rk G Rl i 7 Mk s et s it — @ 2% 5 3
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