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Abstract

In the context of global climate change and the associated risks it
poses, the challenges of climate change have become increasingly severe.
Since China's clear announcement of its dual carbon goals in September
2020, the pace of constructing a green financial system has accelerated.
China has gradually initiated carbon market pilots since 2013, and in 2021,
the nationwide carbon emission trading market commenced operations. On
April 19 of the same year, the Guangzhou Futures Exchange, with plans to
develop carbon emission rights derivatives, was established, marking
China's initiation of establishing an on-exchange carbon derivatives
trading market. Carbon options, as a vital component of the carbon
derivatives trading market, play a significant role in complementing and
improving the carbon financial system, thereby promoting sustainable
economic development. Therefore, this paper combines an analysis of the
current status of domestic and international carbon markets to assess the
feasibility of introducing carbon options and subsequently undertakes
product design.

Firstly, the paper deeply analyzes the development demand of China's
carbon option products, and expounds the demand background and
advantages of China's carbon option development by studying the
development status of carbon trading markets at home and abroad.
Secondly, drawing inspiration from foreign EUA carbon options, the paper
designs carbon option product contracts with carbon emission quotas as the
underlying asset. Thirdly, the paper conducts a pricing study on the
designed carbon option products. It selects the closing prices of carbon
quotas in the national carbon emission trading market between July 16,
2021, and April 10, 2023, as the research sample and calculates the

theoretical prices of options using the GARCH model combined with a
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fractal Brownian motion option pricing model. A brief analysis of the
pricing results is also provided, considering the conditions in four different
carbon markets in Guangdong, Hubei, Shanghai, and Fujian. Finally, the
paper proposes relevant suggestions based on issues identified during the
research process and provides a prospective outlook on the promotion and
specific application prospects of carbon options, aiming to expedite the

development of China's carbon options market.

Keywords: Carbon Options; Contract Design; Fractal Brownian Motion;

GARCH Model
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1.1 FIRBERMEN

1.1.1 fIRE=R

2020 4 9 H 22 H, EBEXEREJIETES 75 mKEGERS EEM T
“30 « 60 Hir”, RITE 2030 FFIfRHBE X SEE, 2060 FFTSEI RSP, i
ok, EBREHARE T HREN, RS FEFH MR EA IR ARV B 4% SR
21y, Vi 20 W T R R D 8 7 AR S el HEAR T I R HE TR BT R B A
Bk E, KKIRGE T ABRmh A p . UL T, S =+ KRS IR 501
LR AR b i W R PR, BT e R 0 A AR A 1 L ) R 5 S
Y, WETHENKERIEY, 2022 4 12 H, FRAFTESBIEH, LB
B B AR AR, ARG L SE LSS, LB BRI, R KR R 4
g, IR EBRHSRCE 5 i, B R l-aR 7 RIEE
2024 4F 1 H 5 H, REHG T8RN SRR SR LT AR BRHBUUE
Dy E RTINS T 28 G i BE SR A TIERAR T, T XU H AR
S A B L.

St [ 45 B LK, 7EAE Rt SR e BR R R T b AR B T S AR, Mo,
BRHERURUAS 5 LA 36 2 55T U i 370 B . FREI 2013 4EE RS I )
Tk, 2021 FEREBRAS ATIH A 5, A E SRk i @A [F]
I — BRI IR IR 5 . [RAE 11 H, TEBCE B AR AE AL A 2 4
P RS A NI (COP26) |, (EZBE) 5 6 43K THI i,
N T RIS ERRR, 5 6 SAREEBR 2 AT AAE, FENR R E AR T 4 3
R, 2SR VRS E R 2 80 T H RSl HE B, BDE %K 3 E 5T (NDCs):
Sk 6.2 Fu v EE I B a2 W WO BAZ 5 B BR LR IR ZE AR (ITMOs);
K 6.4 NTFFSERJENLE] (SDMD, 2 #—AN tHICA B L T IV IR (1 [
BRBRIRHES I 2E 2 i gps 2K 6.8 & EFALSAENL s, DIAE ARG T 17 1K) 1
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OUNSEBLH NDC. M —EL28 6.4 25 h BRI T 57, BBt A A 4
BRECK IR SR T S A2 5 BIHIAL, 7E 2023 SEAE R T A THY COP28 il b, % [H
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BT AR, {4 B B A Sy R R J0 5 T n] DA B3R R 7 [ Bt i 37 b5 9R
R METERL . ERKR BRSO 2 R, i35 0 95% A ok B Tk il
ATZE A, W] P A 1, R H R B T 37 47 A BE A B 52 2 9
REETEI KA 71

2021 11 F 5 H, TAZEREEVUAT VR G A AR SR, TR MG 5
P Bl 65 S i, B T IRERRAT AL AR R BRAUE BRAT AR
5 TR EZH A, BTN MAT A M, AR E 2, H2
S RAEARRE R [ AL ik Sk CREIIEO s CREIRD —
FERCRIIBRAR I B K TR, n] DLAEBIUE 5 45 XU (1 [ I ORAT 5377 (i D5
AR M . R RIS PSRRI AT OSSR H SR I -E B MAH & T X,
BAT I ORE AN B B, BT R N A, R e AR E L A B s
BRTII758 5 SACHT A R BLIIRE, DRI A SCRER SR B E i 7Ex 5. 5182 H
) MY BE 52 55 P v AR FHE H B9 B ARSI ™ i, AETRANIE 78 B Bt T 37 1) e
WibJE, AAEEEPR BUA MIBOFS BRI ASR, Bt 12T E LR
BIABL™ St AT TN IT, B EBRIIB I HE T3 B R R T 5 A

1.1.2 fAIRENX

1 B EX

ARSCABSABONII T %, S ik xt L B Py AMa i35 1 R R BLIR, 4T 1 3R E
BRI R 75 SR AR P B A& B FF AR A o B TR R HEAT BRI B 7 B
AL LRI E BB AR B8, I3 AT 7 HATAT I, #EfifE 4% EUA
AR T BRI IR IHAE A 2. IR, % TR E R 1358 i BT S AL
& T o T A BRI s RS A8, W45 & GARCH A8 8Ll 135k 8l 26 34T SIE AT
Ft, It B-S BAL DL K& HA AR R B 5 T 3 F DA Lo, SR Bk
ARSI R — B4R T B0 SCRFRI SRS 22, DU R IE R AT 4258 5 i
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A, bRHEALSE 5 A B T — AR S T IR Eh v, TSR TR T 3 (13847
LE

PR, REBEBR T RO R . BRIARLRHE AT DL — B iR B AS 2 11 3,
STt E BT R AR, H R BERIM A R ILThRE, 7T LS I b R 45 1
TR AL, eI E 2 BRI IR R, SR ORI R, B H AR
XU E 5 o

5, SRFHRERR T 0 E BRE2 J7 o BRI HE tH nT DUk — P [ bRk
137y, WA B THES) T MM 1E5E 55 B R R BB % i 1 bR T 3 e Ah i 22—,
LS EAKIAR,  $ e R E AL E Brbr i B e B 340

1.2 ERSMNCERGAR

1.2.1 XTFhkE&rhianAzR

FEAERARE H 28 PR 108 50T, BRSO 578 RO SR AL ) 2 T B
BRI FEIRESE (20100 Ny, KRR AT DO B o, #E 4
2o KA LT SR T S P AR AY, B A A R PRI AR, AT 22 5 AT
FreR 2, HIREE (2019) P2 H 73U 5.

TERRHETBR A Ty R BRI T T, RBEFSEE (2018) IIBFFARE, AL s
A DL S Rt oL AR AR, AR IX e Br 45 . FiRTE (20200 [RIFETSH, %
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T3 100 e 1T LA St 2 (i B 0 28 7 b e A 2 L o S5 2N 55 (20 19O B T2 B,
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T BT A T 3 PR R v TR E e B i o EZEBSE (2014) BT
RUBEE TN EE, AR CEYE B& TN RIKTIEE. Yi-rong YING %5
(2017 ¥, BRIABCRT LA R0 AN i 3l 7 KUK  Valerie M. Thomas 4% (2016)
(OB T2 B, BRIIRCRT DS I R A5 g AT U B, B 22 i P B SR A A% 7K
S R SLP B MR HERAE o RTN (2021) KB, B B8 AT DAMR (it KU FE T L
ks KO PRALTEIREC S P56 T3] BE AR B 2 2 5 T E 08« Liv Yue 25
(2022) B IR At A8 AT LA T BE47 B B 7 B 5K /R 25 (201D BIEAL | EUA
PLBR  JA DR = AN BT 3 D38 1 RN, R I =TT 3% [ A A 2 T 2 8 8 A A K
I IR 2 E 2SS 77, FBn i s SRt e 1 i 45 B AR, £
5 I AN RR £E  R FR  E 3 AE

KT RERER AT KR, BEE (2022) HRARREE T ZHEHK
J&, FREBRHE B Z) 3 s A R OSBRI X . SRR AL 7=
SER IR SE T T HUAS T R k. A, 5EBREL, REREE 5 Tk #1475
R TEHE . FHAE (2021) WHTARY], MHILRCRBATSCE Sk &, RER S
A AR e PEAEE R . B oSS (20190 XPIHLERFFBOBAE & T 31
B0 R G 1 A B85 A i A R A% Ao AR AR (2022) KRR AR HETs0R
ROEAE, BT T BIARE 2, IR T RS R, RIBRIARUN RE (S ST
PAA B BN o

DRI, im0 R vl 1 (9 B i AN 8, DRAUBRHEISBCE AN WL, I ERBRAT A2
TR, A BTl e Rl i 1 (R g e e

1.2.2 XTFHABEMERR AR

B AU 5 AN BIF T ST AR AU I BV 1 R i Bt o BB #Ar (R AT 9 /S I
T Bachelier L (1900), AR EEM#8 L B)I MICIERE IR HEAT B2 3, H.
TTEAA, H UL AT IS sk R B kg B3RS, IR T F ) H A KA
UM RIE R A R TTA MR USRS [, Black Al Scholes (1973) {84
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Rl R PR AN R A LA AT BIZ 3, ) FH OGBS A 67 e 5| BEHE 5 H T IR p At
B, R3] T EAN B-S A0, NIBCE MM A EE TR, R L
T A HABUE MR R TE I 2 TR R .

HIF B-S AL 1 VF 2R SIS AT, A 3 6 1y & ok - Peters
(198 FEH T 43 T T A HRL , AH LA 24T 2 i B8 B A ek 46 il T 47 11 S B 15 400 o
B, FEAFRSAAIERR FURBCE N IR b, SRAEA 2 TRAHE R BN AR
SRR B = A% 1925 1E . Hu A1 @ksendal (2003) ¥ AR BB S8 T4
ARG MR AT, $&H T 20 A WIE S ALUE . E—BHh, Necula (2008)
12 FH PSS P I RE TR (KT B AR B 43 AT B SRR 7 AR IR B L 22 W] DA
F Wick-1to #3536 ROE B . BLS, & BAn BIa sh R iz L T AL &
MHFTE. PIANZESEESE (2019) [ELEME B-S BRI KSR [ 45 A0 4L 2 1 F e
BT, A T AHlE 21 B BAT KA A2 i AR AE i BR 2R B 2

RIS, 2EE AR T &Rl BEALAR LT 4 Rl B 7= 4 4% (0 38 3h S EAT R A%, AT
A 2 1 LB AR B AP o BEALI BN AR AT DA ZA N DU =Fh: Ba S ksl
(VO B, S sh 3 (RV) BOBIAT g s 5 %8 (HV) £ 8L. Heston A1 Nandi
(2000) & XA H GARCH 5 7Y S 21 ) <5 fih B 7 i W 1 7 22, R4 13840 B-S A%
R AR, H)S, & Fh GARCH MEAEAL: 72 F T & RbfiT AL 7= dh e Mt 7t . 5K
WEE (2017) WIBFFAS REoR, BRI @ Aiss 5 R, RV BRI # 11
RO A Tk DGR R, IF BAdRES EBORIN, HV B )
AR T NS .

1.2.3 XFRABLE I SN BIR

E SNSRI AL P8 R . Chevallier %5 (2009) A58 T WK AR
A G 2006 KA BRHFEE AR S RO SU8ESE 5 BT B SRR T 3 (1 %
Jezhas . E HACR A BB, BRI 5 455 E AR g, ik
[ BRI AT TS AREN BT T . £4E5% (20100 2047 JARIRE T
AT RIESET, XSRS 5 WIRURE AT TR . eSS (2019) BLrbg
TRHCAFRI B, Bk T IRE M ERIEECHRE 2. MRIEE (2022) AR AR ERIK
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MUEE, Bt T BT RO A 20, B it g4 D1 sl %) B-S IBCE
IS BRIABN RS BEAT TR AL . 0T3S (2022) [EREHE U AR Bk BORC A
VERRRI G = AT T O G 208E, JFiEid 454 GARCH B B-S JHBLE
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AR BEALIE SRR L A, WTE T R AN 2 R BRHEBUBIIRUE I (1 &1 524
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TR T WIS s A REREIZE (2013) SFEE T A FBRIIBUE M8,
I 14 B-S & MR B BUIEAT 8 M o BN SR (2016) % B B T A8 ) AR,
Xt B-S AN DAk AS 5 A8 S AR IR B A e N T 38 IR B-S A
[ E W SRR, — L F WA GARCH A5 70 if 55t ) 9% 5h SR R BEAT 1
o HEEE (2015) i 7454 GARCH #A ) B-S MIBUE M 7775 KW 7 EUA
IR, Liu Zhibin 55 (20190 W48/ 7ARF B, BUN 1 AR 20 K EUA HIEL
I, AR RERS R . BUM2% (20240 T LLBITALER T 37 M BRECATUNREAS, 4
T 454 GARCH A4 [¥) B-S JABUE MR B BGEEAT T Ak (B AR 7T o

SR VE 2 2 0 SEUERI 7, R A FH 23 T AT B I8 B BOE M AR AL AT T
(4 G BIIBI LR RS V& . KRS (2015) KA %454 GARCH AL 43
AT RSB EE, W SRR ERITE T EUA IIBURRLN N RS, SHiESE |
RIWZITFEM T B-S A, AAHEERHMAEE. Liu Zhibin % (2021) H[F
— 7R BRI REVE A 5 T (1) EUA JABLH IR AT T 070, HLE5 SRR, Tl
s 5 SEBR N %I Bl 58 AU o IXBERIE FE i — P SCHE T 3 TRAT BRI S BCE N J7
AERKTIT 0 B N FH AT 5

1.2. 4 CERVEAR

Zrer E N AMHICICER, w] DU B8 T TE A R A R U D22 b 4T 1 K&
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K28 SCHR S O 2 AT FURRHE OB 6358 53 111 37, 1000 gk <z R AT 2 i RO AIT 7 32 24
FAERR BT T, EFCIRERSIA B R A IR, et it K2 5T H
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1.3 ARAR. MRGESHERELE

1.3.1 FIRARE

B, i, AEEENATHARME SAE S FN, X E PR AMEE S
BRIV ST AT T HREEAIZER, B T ASCIIR AN A WSR2, JIF
SHEHT RFIAS R Z AL AT T 1B

S EE, MR B S B A AR T E T A OGBS R BT
BHETSC AR . B RRTBR AL, IR T AR e . BB . 73 TF
T BRAHBCE A L S BAR SRR, e SR SR (IR S HRE

BE, WEBNIEG= W R TR 1A SO T E A AMEEE 5 T3
(R IR, T DR 1 FR BRI it I (4 75 SR 5t o IR AIBUR SCRFAI
ARERPIAJT T 5B T 3 E TR BRI 5 o

B, BHIRGESTS e . EFE BT, RS T BORATE A
LB, AR R SR ARIYIE RS R . 1R M T,
N T WBIAR G LE M IR R, FFRE T GARCH-43 AT BHIZ S HHAUE
s B

BHE, SEESHT. ASCERILT 2021.7.16-2023.4.10 H A HE xR E 6k 3%
BEAT TR 0T, i 35 PRt R g BIER AR . ARCH RO A 56 A1
GARCH BLAUE T 3 A5 DI, B2 WAL G LIBIaa MAs 04T T8, JF
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1.3.2 AR5

1. SCHRBF 70T
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SR bR 5 SIE 7 B 3 e S At

2. SEUEAATIE

FEREAT BRIABLLT 58 A FTIT, A SO T 4 FE e HETBOBUE 2 1 4 B Ho A YA
Bl R B BTN b H FE R, @i M GARCH BERY, 45 H 1 BRIC AN A% U 51
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3. HeEr b
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Pegar = CEA([N(dy) — 1] + Ke"T=9[1 — N(d,)] (4.6)
CEA G.2
In ( O + (T —t) + =5 (T?H — t2H)
h= TZH _ tZZH ,dy = dq — atm 4.7)

Hr, CCEAJJ%@&HEWE DI Popa NEBIIBELIR NS : CEA NIKAL
BTN KABSHBI AT TRIHBCEROW: o NBREC A R 2 1%
ZNF s N()NhRHEIEZR A0 (1 R R rAE TR SRR, HoARRT
1) Hurst 1645

2. GARCH #8458

SRR P AN AR IS ) 7 5 3 0d o B BEALIE, IF 5 I )R R (R RFE,
A LAH GARCH FEAR AT 2 . AHEL TAE 48 1) B-S IABUE N AL, GARCH 1
TGI8 T AN ISR AENE, RS A R M B-S Ry ZE [ 52 R ik

GARCH BAY ) A A AR U T

p a
ol=w+ z aul_; + z ﬁjatz_]- (4.8)

i=1 =1
M GARCH BRI FTEH E A% (1) BEASHAERN, o >0, o>

0, B;=0; () FrESHMMAT 01 20, B0 <@L a+37_, 8 )< 1.

ASCEE R GARCH A=A, it 1 i B Ao Hollom R A9sh %, FHFARANE]
AT IS EARUE IR A, AT BUE M T8
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5 SCUESTAR

5.1 BIBEER 5347

WRAEHT T, TR IR E &Nk T 7 (8] 1) R AR BOR 228, Rl As
SCHFE L BRI CEA MR SO R, 7E AT T BRI B AR 1) 52 7= 1
CASF & 5 4] DA I JFC A 3%k 117 4 RO BIRTSC ATA A 1) 150 S50 82 PR B S B iR AT 5240
WEFE, AR 43 B AN [543 AR A 1R Bk 7 42 P B S R 3 I o R S R 2021
7 H 16 H 2 2023 4F 4 F 10 H R FE &A1 3 b BB 3% AR 9Bt 7T
FEAR, TR 45G GARCH 58U (¥)53 TE A WHSE s IRUE 1 77 VAR HAT @ NI 9T,
B 5.1 Fis.

£5.1 BRESGTHR

ki 4[H J72R WAE w0 Bl db wEE BRSO ORE

1% = = 3 /1 S 5 1 S 3/ 71 /1 S 5 1 31 1

FEARE 420 424 420 280 340 200 317 147 103
it 2660

BRI : wind Bodf e 1 28 280 e DL RS- T o e R B R B
Forr, FEVLEERRANIE 5 i) CEA HIBUOYRT T EAR . [RIN 4 T
HIRURIAR 58 7= RO B A BT I A I 2k, ARAER 5.2 FralRIdRE 2022 ik
WIS AT AR, A SCEEUE 5 REGEF] 200 RELER)TZ). Wk,  RigRifE
VAN B 17 7 R B AT 4 B 70 B
# 5.2 A 2022 EHRTHR 5 HR
ity AR BEAR EEECRE FERE RIRSE RS

I3 (2.8 €rAL®) o
4= [ CEA 242 5088.95 28.14 2.30 104.75
"%  GDEA 244 1460.91 10.30 2.14 56.39
Wit HBEA 242 573.35 2.69 0.8544 21.35
RN SZEA 182 508.07 2.25 0.5545 14.22
ki SHEA 215 152.31 0.8593 0.1945 6.38
Jba BEA 123 175.28 1.92 0.1817 12.28
gy FJEA 214 766.14 1.90 0.2124 4.54
#EK  CQEA 68 75.91 0.2977 0.1057 0.9907

K TIEA 60 545.24 1.87 0.2412 5.97
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B ks . wind B &

5.1.1 FHFRMERIE

NIEAT JEEEWEIT, 5 ZEFEAS e S AT TAL B, AR 5225 T 5 (R G 447y
WP, RILEA W BB 8 I . WO AT X B — B Z 0 A B, SRR A
Brai R AR 5.3 P, Al s o Bl R E I8 1 5P RS I 2 R .

% 5.3 BAIRKISR

B ADF 4iit & P 1Y g5
din(CEA,) 24.21445%% 0.0000 P
din(GDEA,) -18.85930%** 0.0000 P
din(HBEA,) -17.09114%%%* 0.0000 P
din(SHEA,) 23.83927%*x* 0.0000 P
din(FJEA,) -12.50800%** 0.0000 P

o xR wxx Y BRIRIRGITERAE 1%, 5% 10%1 W3 K TR, R A

5.1.2 —f3mid it o

FAR AU BOIR F — A R M GRE A gk 5.4 R 5.1 BoR . BR T AR
Bl Rz A, AR DY AN 7 280 S 0 AU JR R A RRAE, FE b il s R 4 [
WA, | AR LR A R, P E AR A BB AR IERS i . AT
T A E R T B, X B R dIn(CEA) W EE A 0.4934, ISR
11.70, 75EBMEITFEM GARCH #E RS k4745 IE 4 .

K 5.4 —BHRERTHER
bl PR A RKE BUME WREE WE B JBE

dIn(CEA,)  0.0002 0.0000 00938 -0.1030 00187 049 1170 133848
skskok
543.09
dIn(GDEA,) 0.0015 0.0003 00887 -0.1053 00203 -024 854
skskok
952.84
din(HBEA,) 0.0008 0.0000 0.0953 -0.1054 0.0233 003 1039
skskok
265.69
dIn(SHEA,) 00012 0.0000 00954 -0.1054 00270 -0.18 7.32
skskok
17.08

din(FJEA;) 0.0039 0.0024 0.1078 -0.1634 0.0680 -0.14  1.89

dkok
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(4) k¥ (5) R

5.1 —fmidtEgTHE

5.1.3 REHRZ S TR HEHESHT

Hurst $EHRARK T2 70 R E 248 bR: 2H>0.5 I, iiinRIVKIL
ok HH=0.5 I, WipEIMOIEEYIRFIE; 2 0<H<0.5 I, WinRIVEF
etk HANEATHUEE IR N ER R, SR R/S ik, T IA SCR E fgr
HH AP IR,

B, R B e R S {0 S A Em AN K D i 7 IX 8], X4
MFXIE{o ) k=1,2,3,...m, XX NEFXEF AT, S & T XIH
FeB IR IEZE ) Y %5 X TR 2R AN ST R AR T IMEX I R, j=1,2.3,...n,
R  NBREZERINTE, HARERIT:

n n
_ 1 1 _
Xk :; O-i,k Sk = ;Z(O—i,k_xk)z (51)
i=1 i=1
j
Yj,k = Z(Ji'k — Xk) Rk = maX(Yj'k) - min(Yj’k) (52)
i=1

FERAT XN, b HEZE S SR SIS B Ry BEAT P AL AL 2R, ROy F AR R 22
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Ry /Sy . THHEFTA X143 Im AN DX 8] P B B AR 22 () P48, e 4B X T8 B A i)
FEIMEZE(R/S)

(R/S),, = ZS—" (53)
k=1

R A E X En, RIS AR (R/S), . TARHE Hurst $i5 %1

€ X, HIRMELT R &R
(R/S)n = Cn" (5.4)
Horb, HATT 6 B a8 28 7 51 {o; } 1) Hurst 4880, CAHEE. Wi L

T, TR 3

In(R/S), = InC + Hin(n) (5.5)
I e/ ZAVERAT [RNE, FATAT AR BRI S, Ry EAS 2R HAE .
D5 UE 1 R34S 1T 3 22 T AFAE 73 TE AR AR, A SCHR s 2021 42 7 H 16 H =2
2023 5F 4 H 10 H 8] A B ARSI EO A% R0 Bl 23 R -5 1 Hurst {8, 45 2R 40

RPN
#5.5 TEAKAS Hurst FBHEHHLER

k3% 4[] TR Wk i GiEc:
FEARS & 397 401 381 326 316
Hurst 54 0.603343 0.76872 0.60066 0.586235 0.386886

ATLVES], . 7R L BRI HE>0.5, RIDVKILZ
PEs AR TTIAHE<0.5, RIONKFFEENE, JUMRTTSEE D RE, A
FEERENLITEAE P21, W ARITE B R kA, AT LA R 0 AT B SRl 2 A%

4.

5.2 KEhESH

N T AR, RO CEA BB E N SUE R I 1o, H
bk ST BRIPIBCE Wt ST 7R R

MRAEL 5.3 WHALARRILR, HATA LR Bldin(CEA) N RS, Tl
Xt HHEAT B AR AR
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5.2.1 BHExKIE

# 5.6 dIn(CEA,) BHXMEEHRXR

i JE o A AC 18 PAC 18 Q 4uit&= P{H
1 B -0.169 -0.169 12.018 0.001
2 By -0.105 -0.138 16.707 0.000
3 Fr -0.002 -0.048 16.709 0.001
4 By 0.072 0.051 18.924 0.001
5Fr -0.106 -0.092 23.685 0.000

MEL 5.6 BARAMR HAMK AL, Al UKBLZF A BHRIR, T
WAL BIETTRER T LMEIE

5.2.2 IM{EREHE

AL T ARQEEARSR I AT, I OLS BEATAb T, S5 Rk 5.7
I
R 5.7 WETEEBSER

A 1 FrifE % tGiit P{E

c 0.000142 0.000894 0.158574 0.8741

AR(1) -0.198193%** 0.048674 -4.071873 0.0001

AR(2) -0.148898*** 0.050082 -2.973089 0.0031
A R HR? 0.049906 WA I ME 0.000119
W IIR? 0.045316 W fire AR bR 22 0.018687
[l Y b o 22 0.018258 AIC 15 BN -5.161221
k7217 Al 0.138014 SC {5 B AEN -5.132206
XA THE 1079.115 H-Q 15 BN -5.149750
F 4iit & 10.87312 DW %iit & 2.014077

P fH(F 4iit &) 0.000025

W EES4, nT UM EE TR, AR (5.6).
din(CEA,) = 0.000142—0.198193dIn(CEA,_,) — 0.148898dIn(CEA;_,) (5.6)
SRS R AT, AR(1)FT AR(2) 1) REHERLE 1% 17K P F &3, kLR )5,
RINFEZE T HI ) BAHIEAS LAV R, T RE IEA 2
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% 5.8 BZEBMIARBHERE

it FE B4k AC {8 PAC 18 Q it = P{H
1 -0.010 -0.010 0.0457 0.831
2 B -0.007 -0.008 0.0689 0.966
3 Fr -0.052 -0.052 1.2023 0.752
4 0.068 0.067 3.1723 0.529
SH -0.052 -0.052 43391 0.502

5.2.3 ARCH ¥ MI#&L&

il IV Il 1l IV | Il
2021 2022 2023

& 5.2 EHZZER
MR BN B, R DU 2 A BAT W [ SR Ak, SR WTR 22 IR REA
AR 2 SR BRI AARRER, W) DL B 21 7 U 46—

B B AR Sl B AH <
£ 5.9 BREFH I E MR EHHRE
i e B 2L AC 18 PAC & Q Giit= P {H
1 By 0.347 0.347 50.445 0.000
2 By 0.094 -0.029 54.178 0.000
30 0.060 0.041 55.686 0.000
4 [y 0.058 0.030 57.086 0.000
5 0.099 0.078 61.251 0.000

BB AT ARCH-LM #6:56;, 1 % BLAFAE 235 1 ARCH 208 . 7] L I GARCH
R BT IE
%% 5.10 ARCH R AT 45 5

Heteroskedasticity Test: ARCH
F it & 56.53665 P 1H 0.0000
n* R2 49.98388 P 1H 0.0000
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5.2.4 GARCH B &K ENFR

AR R E T AL GARCH(L DAL, RFLE A ARQ)IIANE %,
ARG IR AR T Il S A, AR SCLE . GARCH MR LR T
AR(1)H, #RHE AIC. SC LK H-Q #ENHI4SE R, AR(1)- GARCH(1, )AL &3
R HIAS SR R T AR(L)- GARCH(1, )%, [ 945 0 F -

% 5. 11 GARCH #%![F]JH 45

A g B PrifE 2 z it Pl
c 7.41E-05 0.000357 0.207439 0.8357
AR(1) -0.224793***  0.053007 -4.240841 0.0000
c 3.38E-06%** 6.85E-07 4.938871 0.0000
RESID(-1)2 0.302206%** 0.042137 7.171991 0.0000
GARCH(-1) 0.692886%*** 0.025424 27.25321 0.0000
Ak 2 HR2 0.025401 W R AR B 0.000164
THEIR? 0.023058 WAL AR e 2 0.018686
o] AR 2 0.018469 AIC {5 BAEN -6.135570
B 25575 Al 0.141904 SC {5 B AEN -6.087299
XAt THE 1287.334 H-Q 15 EEN -6.116487
DW 4iit & 1.947918

53] AR(1)- GARCH(1, )R 72, WAl (5.7) FIARK (5.8).
dIn(CEA,) = 7.41 x 1075 — 0.224793dIn(CEA,_;) + &, (5.7)
0,2 = 3.38 x 1076 + 0.302206u?_, + 0.69288607 , (5.8)
PRI A 45 51, v LUR BB ALK AR T, ARCH JiAll GARCH T REU3ITE 1%
BEKFTFRE, IEHZRRNIAZORBLF. [, GARCH LAY (1 R0
a;+p; = 0.995, 0.995 M4/ T 1, YA H AR, e 8n T
1, ULHIS A 22 BIF Ao IhAh, By > ay, BEIAMILL T 4HIE R, ATHIG
JERSBIRAN B B PR R R B B K
RS IR 22 7 5 S FF T BT B B AR, RILAIAAALE ARG, IESE
AR, HANG RO BT
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K 5.12 BZEBEMRARmEHRR

it FE B4k AC {8 PAC 1§ Q At & P {H
1 -0.004 -0.004 0.0082 0.928
2 B -0.044 -0.044 0.8221 0.663
3 Fr -0.021 -0.020 1.0051 0.800
4 -0.068 -0.070 2.9764 0.562
SH -0.037 -0.036 3.5700 0.613
£ 5. 13 BREFH I EHMARF W B AHRE
i JE M A AC 18 PAC 18 Q 4uit&= P{H
1B -0.006 -0.006 0.0136 0.907
2 -0.016 -0.016 0.1207 0.941
3H -0.002 -0.002 0.1223 0.989
4 0.017 0.017 0.2472 0.993
5 -0.008 -0.008 0.2743 0.998

WA, B EIRIEAT AT ER L, RIFRZEF S ARCH RN 2248
R, FUGIERR TR 0 Rk .
% 5. 14 ARCH NI 45 5

Heteroskedasticity Test: ARCH
F it & 0.013381 P 1H 0.9080
n* R? 0.013445 P 1H 0.9077

5.2.5 HENZTN

ASCHEE ) E AR(1)- GARCH(1, DAL, X i i B8 2 o 04T 1 i SARAY,
FAER T din(CEA) I ZATFhrEZ AL T, Bl RO a4 . X LRI,
5.3 EHHdIn(CEA)BANESAN — 0, AN AT B2 S IBE Hr i R RE AT T
B SRS T 5
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), A BIABUN B hpBE bR K 58 7= 0 8 CEA, i MA2 5N, IF H Y4 CEA, tIEhiE K
I, BRI RS BRI N, R & AR B A B . BEE B H I,
SRR A E M N RE, BT 2022/12/28 H R CEA &N 51.69, /NTHUTH
58, A 2022/12/27 HEBKIAR I #6=0.000256813, it T 05 FHEIAB M
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