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A T 5 SR BRI T, 7 SRR 0 e T 3 v, Y s HE R Bt 45 B = s i, — BLRR R
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2, > 0.5 B, MR N7 A T A Ak 1a] T OCHE, B 57) RIS, ez, T )
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PEPEM R, X5 AL, 5] 5 TR S Bk RS, 7T IS 2 LT

g, U

iy 7 B A A SR HE T AR (0B R C, 5 S, U , 3 1 M7 B4 W
FAS MBS, 2 55 7 (104, 0,) 151 A (0, 0) 25583 , B 50 CRHE , B 32) 19 %6 B 5 . )
i, o 5 X350 17 87 7 Ak Bk 22 28 R T K I 2 S, 8 ik X G
B4 S B 1A S 9 5 K 2 X, SO T 2K M X 2 S e B T
HI 7 25 A (0, 0) B9 0 36 2 85 - 20 K R ik 0 1K, (R HE, 7 B 52 ) 568 W 1) W] il 4 o
Ko M3 P AR P, R0 S, TE G, 22 W R T B0 B B Z (w0 ,) 1)
C 1, 1) ST, 7 B A ME 3 0 OB, B 512 ) S, B 717 3 26 L
LR SN . AL B P AP, S EASE P, = py(al — T) FIP, =
p(Ty = (14 B)aT) + p,Bal 43 M7 A 51, Wi 25 B W HE TAE B9 3, P, A P, ER 0K
i oo BT T, T, B I AR 28 30, B p, 2 B o UL B0 0 2k, il
2e BRI CCRR S W T M BUAS 36 38 % 2k p, K T p, S I00“ 15" % . K%K
% , CCER MR HLAEA FI T p, (0852 A T p, ~ poo HE— IS PRI P, T
o M HAE N o= [ (7, + )] /[(pi(2 + B) = puB)T | = () + T)/27). %W

Wt 5 B D HE B AR B9 R T, T R0 T, 22 B, S 9 B C A 23 B A o LG o 2 BORGEO DN
I AT UL, A5 B2 ik TR 0 P e R A B4 kTR e, 48] Atk IRC AR 312 9 R 3K

FoL b, Bk GeldE, 8 50) A CANIHE , AR50 LSS dA R B i, 7 dE
AP A RIS R G X7, 3075 BUR 5 Ay B BIME AL, T B8 U5+ e o+ B 48 J
CHEAR R AT SN S R B A S 3 e (7 B B A, I Ml T 8 B KR
SCRE o AR —BEEUT , #75 BA DU 3 1 9 S W s, 3R] o o 2 v U A Ll
THICE AR BRI LI A, SE B T I S 5 AT AR B R RS G . RO Bk A A
VR 25 3 SRR AR, R A v ik e ik 30T H o1 3 5 BEORF DR R HG 8 35 G K ST AT
TEBSRUH, RS PRI W A8 2K, 3 SO HE R A B ST T

LR BT AR SR A B

@ AR R T B, i S 45 2R T DL AR ) o 65 A4 B ¢
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5 12 28 55 38 KRN IR BE AR 7 1 U H bR 2 5 SO0 I 25 2R 0 A S 0 AR 0 JR
&7 FEAE o

(DY) 3 75 A R Bl 5 v sk SR {85 2 A 7Y

FERR A 2 3R 8h T, by B4 e ) T T8l 7 b e i AR 2R S s« Qo JB 50 ) A
(ANUHE, AT o R, B3O AR TR &R T %S5 E 5T KRE, REmti
1 CRUSHE , AR 57 ) W) 425 S5 BOUR B3R B, 45 b S BUR XA 5 B8R UL RS, ™
AT T 220 i T kN RO SR P AR TR B oK o A A T B TE AT O Y
B TR AMESE IR EE TS YL BlIA , T i R AR TR, 5280 RURsR ™ s, vp e BURF AR A ke
WHE TAE R H R T — R0 05 Y In BRI I , LU $2 55 1y BOR - TAE Y
S AT B AR A A b B e HE 30 F1 , A7 e S by B B ORI HE, A8 3¢ 18 Ok, I8
TOREAR JRH AR5 Y . VIR, 52 Wa A AR TN A0 BR R R R i B AR AL G 52 i,
PERHEZE MU 256 F H BRI 35 AT U5 B Bl b Jr B A 86 o 5 b e BORS BT A0 T 2R
B Rt AR SCaE— A5 0T by B A B 3 5 S BOURF =2 R] AT ZRE AL PR
(] {2 8 SR 6 Al 717 37 36 B ) 2 W, SR A D S AR AAE TR AN 8 sl R AT B4 A R D
R

1. AR

N AR JBAE Ry T B AR 2, T EE R T 2R 0L I SR I 2, T BB A £ My
LA R g BURF AR T R s HE AR . DL, 7E M B A R A AL SR L B A
NIRRT SR EE T e (0, 1), SR A A8 8 b J7 B A X 3l LA v g BURF M
(14 B D 1 TR R A AR AT HL SR W 32 R X e T S R SE R, @

115 15 Hbu 7 IR B56 s A e e B0 38 S A B B AR Rk . b B B Bl G OR
W BE A (U HE, B T7) 5 CRHE , NJE T7) , b Je BURF I SR WS e 5 A W48 7 sl AN IR
B o R H T A 1 Bl e B O HE B 5T BRI HE R AR N €. (C, = €, + C,) B
(AU HE , AN B 57 ) B 52 31 v sk O A 7] SEAE ST 4 Do RV B8 Hh ke 1B 2 6 M
B A W AR A € (S B, 2017) o B b T B A s B CR 8 HE , AN T7) H.
W JE O R COR M I, M LA B S 2 B A B R A E TR F, .
B, o e BURAE R e KON AR AR 25 AR 3%, 32 B 09 A5 I [ B Hi A7 %) 45 2k At
JE R mF,, 3B A AU SR B5E Z1, 004 2 A R R (FE T AE,2023) 0 BRI AR
W, A6 7 M A B Bl A0 b S B A TR SR AR L ©

2. LAY FA g

2 18 M 7 B A Y6 T 2 R A6 ) A 2 RIS i B, T SR A b 1B A K B R v s
U AL SR R S8 H,

© [ TR A e BUR 2SR5 YL B i 2 A DL A T ) sl o8 3R Y R
@ PR AT R, b T 1B A 3 Bl 5 v e B0 1 2R A R Y AR S 0 T R U B 2R B DL AR ) ) 3 8 4R
I}ﬁ‘;féo
@ PR T RR, Hb 7 A I Sl A SR BRSPS o
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F(x)=dvdi = x(1 - x)[y(D, = F)) + (-C, + F))]

Fyuly) = dyldt = y(1 = y)[x(=nF,) + (=C; + nF,)]

G394 F () FLF,(y) R 0, U 2248 Hy 26 IX 380, 112 EA7F7E AN 55 A(0,0).
B(0, 1).C(1, 1).D(1,0) M Z(w,,v,), 53BN R T ORUHE, AR T, AN WA ) R L ORIk
He, AN T, W0 SRms L i, B8 37, W) SRms L (Ul , B 3% "*ﬁ)ﬁm%u&mﬂ%
WA AL S . P L0 < w, = (=C, + nF,)/(gF,) < 1,0<v1:(C4—F1)/(D1—F,)< 1,
FLAN ¥ A 3 AR AR A 3 (b) R o @

H & 3 (b) AT, B(0, 1) A D(1,0) M ESS i, BA KB sh B e, x&
2R B D8 HE T S T, b0 A B B 5 e B0 R DU 2 TE B CE #h 56 B R HE B
“RUBR” B bR SEEE . 7E M A 2 QO HE B DO MR LT L BRIEHE T/E R A R
I IR B 7, M A D HE R R A ST AT AR T SR S 2B R A R R AR 4
TF SR AL R MR T G 1, B R TR ESE T X B R L T K i i A
A TE B 11T 3 IRV, 184 5 B T B R s 1k, P e BORF R 75 EERE B Z 9 N 1
PEAT RO B8 . DU A, 3 b 1 2R AR A SR W S B 5 S A Mk T 3 5 5 R Rk T
Yri v R T 3 Rk FL AR AR SR 56 &R L b BE ML AR B & B AT oM I &
A AR B A A Sty U B e A AR Ak M D sl R AE 8D IE B AL S AR I R R
FRAE

YA YA
B(0,1) C(1,1) B(0.1) C(L.1)
d K_/
5 Z(w,w
Z(w " UO) ( > ( ! ') <
i s -
A(0.0) DILO)x A0.0) D(1,0) x
(a) HFERFSA40 (b)) Hi7 BB sh 5 R g BT
B3 ELHEE

TE 0 T7 BAR B HF O I8CHE , A JE 5T BITEOL T, i&Eﬁ%HZM&*HXWE%‘ fita) T
SR UM T A A JR A o Aol il ek IR 1 A B R W BRI B A 4, T i 7 BUAT 3B
RIEWA TR, S B RIS, TR jﬂi‘{tﬁ'ﬁﬁéﬁ IR ) TIHSJiE
7 BOUR IR BAT Dt B, AT BORST TS R AR S A TR
I, 55 Hh e R 2 0 A R RO AT R B s B, S SR T S B = 9 Fﬁifﬂ%'ﬁfﬁi
XA PC A0 7 SR SRR B, B RR BB AR . TN H A8 IR AR T ), Hh e BUR E
A7 BUE ) T B b A 25 SO i B, s AR ORI A, sl st 7 SRR ST AR v 58, JIoRAT
77 B AR HE S 55 A SUR A RDIRZS o BACHE It 6065 PR 5 BORME T HETS b k12

@ PR T BRE A B4 A5 AR P 23 B T AL A ) Dol a5 28 D R 55
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F ATEZIR AR BAE N A ORELE AR R A SR R R BEBR RE E  axse l
B LE 4 I N ST S S 3RO B AT A RS SR A o BE AL AR AR B E R
1520, R B T S UK 38 Bmme M A0 S R M 3l , fifi T S KU 7 B RN T AR R . ke,
ASCHE U T AR 2
it 2« e PR AR W A B P9 205 R B A WA £ R 0 A B IR AR R R T ARRAE
ROk, o3 A A B R S 50 AR B X AR 1 2R SR N G s A . SRk, A IX Ik
ADCZ T FR A S, , WA -

1(c, ¢, -F,
Sz:z(anDl—Fl) (6)

S, > 0.5, R XU A 5w R QlcHE, B 5T, A R ],
WA v A 23 1) T O ICHE , N B 53, WA ) SR o 1 I, £ B S, >k 43 B B2 AU 1Y)
S0 S R ZE R T 9 W% 58 15 1) 52 i #a 32, %= (6) 247 R, 43 3l 6 T R 24K
Flwm S, a LA F L R4, ©

C, 3G A R T4 3l b A 1) “ W HE” PR AR 45 A8 e ol HE OC T B 4R A
R TR 392 5 38 55 H AT 56 W B0 A4 IXURS: K ek I8 3% R0 2 1F , 338 55 ik T 3 A e 1, FRAIG
B AT A 2 W i 102 Bl AR 3R, il L 52 BRAE e s e 0 “ ARG TR B AR AIE . 2, € F D 2
FER TS 5 G E R REME TR, R R G 28 hd 75 &k R
FEUHRRE . A B 2 B9 A3 HT T AL, SR A PR EE T YL B YA, S BOR 2 R UM A
Jifl >F 35 58 b T BCA 1Y PR R T AR B, 7 RHE Bl Oy B B Bl ¢ & il ORI HE , RN B
o) I (Ul HE, B 57 #4648 . (H 2, R 9T U AR B CE E S AT A . [F]
B, N AR S B & Bl S, 3 I o /)s o RS i B 28 5 A ABCIRE AT HE R, TR AR 3
TN ELAS AR TR B R RS TE T, PR BT W 45 48 0t 10 11 v F A%, B = i i 3
I C k45 S, B3 K5, PEBE n FI /N 2080 C, 1 C, I/ 2 29 S, K. Xl
Al RE S 5| A in BRI «— JI 017 “ iz 3 X7 i Bl ok 19 238 A R e A s, H
P Bl G Pt S i 2T T B TR R e — e IR T SR e AT . BRI, G
PR R R i 22 18 o 2 4 B b T B 1 < e HE A R i AR R E B T B B S
g5 B AR SCER H R R 3

B dd 3« v ok IR O W A A5 Ak 23 0 1 Bl M U 25 28 00 A RRAIE ARG R T i
U

= BUE )7 55 S

(— ) BUET A
Shy 56 U A Dok HE Y6 T TR 2 AR TR 1) L 1, 49 S0 AR S R A A A A K A ol L
5 RS AT S BORF 22 [R] A TR HIL AT T AR AL, U B 32 5 3K Bl D HE AR
WA AR | v o W A A TR 3R K TR O AT SR B Rl T 3 T T RS R AR . S5 A R
5 (2013) W5, 78 S ATk 52 Z ML 58 T, M s HE AR €, 24978 60 JT/il CO, (2
D DS BT IR, 57 4 5L B DS ) IS0 3 85 RO B 5%
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fEF 5k, J5 SCH R HIE R E NG B, B C, %0 60) o S8 V7 SCH AN/ e T8
(2021) BF 58 o A Mb sl HE B AS | b B T3 BOAS L H g SR WA AR 5 e e AR
B AS T Z AR Z R A FE ) 56 22 (1:1/5:2/5:1/11.25) , % C, % M 12 .C, % M 24 . D, %
H53. ZFITEESE(2024) IIWESE 28 G LA L R 801 R 0.1 (R, 380 120 (R,
WM 100 R, BN 30 . TN 25 . T, i 24 . T, % H26.p, % K20, MEKIWFE,p, Flp,
T AHEE, R p, W) R E 15 R 20, 24 B0 & ik e 45 4 e O =X A e 2% o B o 8
Rl o BRI ERAEL I A 1o 41, CCER T1 37 O B S TH AL S sh B ie , ELHRIH EL B A 8
11 5%, AL BRI IR (EHIE 0. 2% Z MM SC(2014) B BF 5% 7T 0, PR3 AR P
BT S R R AN R TR AR S S TR AL, B R R AT R b B a4 I H ) B
gE A EEM 5] K B BER R . DRI, AS W 48 R s HE sk b 7 B A A e g BORF 44 2
WL F MFE, BT C L, RF =2C, = 120f F, = 3C, = 180, M B N T n H#W)
TR E H X [E] H A5 0.5,

LR, BB B GBHEIEEN:0=01,p, =p,=20,C,=60,C,=12,C, =
24,R, =120, R, =100, R, =30, T=25,T,=24,T,=26,D, =53, F, =120, F, =
180, a=1,8=0,n=05, i@ T 5 0] 15 Hb 5 B AS 18 28 B8 0 8% 5 (v B R
7.(0.40,0.67), H J B )i 5 M Ty B A B ) 1 2R T Y 1 B 05 7 ¥R 2.(0.73,0.42) T
T, 43 B S AN 0 (0.1,0.6).(0.2,0.4).(0.3,0.2).(0.8,0.4).(0.7,0.5) .(0.6, 0.6) F 17T
BOE AR AU, 15 31 5 A 17 2455 Y s psk 1) (59 3 245 1 Ak A AR AN 1 4 BT s

—— WIAME[0.1, 0.6] ——WIEHE0.2, 04] —e—HIHALH0.3, 02]

—=—WHEIH[0.8, 04] ——HIHEME0.7, 0.5] —e—WIHAE[0.6, 0.6]

1.0

0.8}
0.7F 3
0.6
y 0.5F
04}
03}

0.2
0.1F

’0 0.1 02 03 04 05 06 07 08 09 10 %0 0.1 02 03 04 05 06 0.7 08 09 1.0
(a) i&ﬁﬁﬁ@?ﬁﬁ?ﬂ (b) #%E&ﬁﬁimxﬁﬂﬁﬁééiﬁl@%ﬁfﬂ
B4 b tFBFSHREFRBEFRNHEELIRE

A1 4 w43, MR AL 45 R SHTIRE AL B A . R 4 (a) BT X T5 B A
TIRBIR , P iR fE % 75 S, (BRI 3 (a) B9 47 L X 3 BCDZ) B, 1 46 {H 3% i 0 8T
(1, 1), Hu 77 BURF 5 4 b BB A S sl HE AT, 00 3R (H 7% 75 1-5, (BRI 3 (a) B9 72 &
X 45 BADZ) I, W) 46 {2 R 8T (0, 0) , H J7 BOUR 5 A M A HE S Bk 98 HE TAE . K 4
(b)) B4y v S R 55 i 77 S8 B 20 100 2 A 28 ) 2 B, 7l Dl A o ok BURE 11 3t
U7 B R B 2 ) 2 i BUE AN S AR, BERD 4R s B AL B AN TR B Bl 8T (0, 1) A (1, 0)
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PN o AN, AN [E] 52 ) PR 2R %) 26 B2 52 ) XTI AR S LS, B4 K /DN | F T 5 i) 2
T AR W 3 USRI T 0, (0, 0) A (1, 1) ALK (0, 1) AT (1, 0) Y8 B .

FEIC B b, SR 4 ) 22 w25 0 0l % i 2% A 5 el PR 3R MR O AR R A8 i, IR R
i) PRI 2= 9 22 Bl 0k 2R 45 SR 1Y 52 ), 220 i R 45 R Ak 2 . BT £2(0.5,0.5)
B WS ) AT LA W TR S, RS, B9 K/ DG &R B DL E PI 4R o8 (0.5, 0.5) . [A]
o, 43 W B C, e {60,65). C, e {12,13}. P, € {20,22}. P, € {20,22}.m € {0.5,0.7} .
C,e{24,28).C, €{72,80}). D, € {53,6}. F, € {120,130}, F, € {180, 190}, %5 % %
A - DX b 7 B A P R A R o | B 2 AR D HE AR (¢, AT ) B3N 1525 XU 4 T HE
B Tl P HE R Wt 110 R AR B T AN U TR S 1Y) R R R bR, e I A R HE AR AR
1) 154 a0 X b, T AR sk HE 3K 3 T8 GRS B AR L n e e T 3 AU o T Bl T 4 2
55 EEREE (P, AL P,) 1 38 JCRE I PR 17 29 505 Wi 4 2 il ik 1 54 s g i 3 E, %of
Hby 5 BB A U B B0 08 B kS 3 02 1A T ARG Al T 3 XU o 7 v S SR 4 T BB
A 1K B R A A | e S BORF IR A AR € AR D BE D, T B ER BB
B I AN AR S 5 B o P e BORFURC 25 R, IRCHE BUAS €, e R O B B2
2R XUy 1] o e (U HE , B 37, AN WA ) WSk T8 Ak o B2 B 25 e, A R Tk i 1Y
RERE, 2, WIHEZE ST 3R (N RCHE , AN E 57, W) Wi 8k iy i 1k 1 B % 20
FPR ] e A i 5 21, AN A1 Tk T e e kR o

FE LA -, F— 20 20 i) W A R 3E ) 5 W T 3 7R SR LA T S R AR H T
M AL SR . NEHIRE X FIR AT, T o 19728 36 B35 57 ik i
Y /5 oK i, B 4 2% 0 IE &R B o /F O I B T 3 5 oK A8 B i AR B AR 1|, B
a € {099, 1}, [FEF, WEIWIEAE , k11 3 F1 CCER T & i h A& 22 S HEAEE R HL 2,
Rl fF CCER 1Y B HI% 94 e 1] B A o e e #% BIL AT 8 728 fb iy (R 38 A8 &, B
p,=0.5p, =10,8 € {0,001}, Z5RELWH . PHEHE o B3I, T35 K F &, 2R £k
1) SR I o 2 2 PRt PR O HE R % 2 A% S AN DR HE SR W s Bl R B R B, S LAY A ES
T g T e AT IR AN VR HE SR % 1Y) B B R B R . i B R N IR E  BUR
(1748 B 235 W T 5 5 SR AN ALAT Sy, 26T s e f i 3l o Herp, T 35 5K 9 A28 3l 4%
BHLAT RIS S, X A A U 3 B4 52 e A B B K

(=) Sk 43 Hr

55T I NG 1= | AN 0 et N 1 V770 ) AL L1 RN 7 Ny R [T T = 0 N s N
Bk HAC TR . I, AR SC LA = AN Bk T 37 B IS A0 E R R 98 6 42, 43 i
WS ERAE . OREAR X E] o =N RT3 S 2= 2025451 A 1 H B H ERUE (7 %
20134F 12 H 19 HE 20254 1 H 1 H;#3db: 2014424 H 8 HE 20254 1 H 1 H; b

@ R R T B, 2% 2 B0 A2 S ) 3t 07 AR AT O | R S BURF S 3 7 A B S A7 DA 4 5 T g A AR DL TR LA )
IO 3k 5 A ) A S

@ R IR TBR , 4 9% 73 BE AR KL o A CCER BRI LU Bl B A 52 i g% A28 T DL AS 1) 190 30ty 25 28 B 5%

@ AR RN EE R PO T R A DN R TR T I TR PR TR R I e T 4 1 2k i R
] D) T A B T 3, IR K LA AT SR 52
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W :20134F 11 H 26 HE 202541 H 1 H) Bk B Wind B 2 o 76 51 Bk 45 1 7 >k
() 23 (50 IS L 45 2 B9 RE AR B0 23 5]y 2421 4 12530 4> (17144, D= AN s 719
Y& 7 51 1 52 Bk 2l ) 20 HL AR 35 0 B R R R . AL, IR 4R SR )T 8 Returns, =
(p, = p,1)/po - RZVEBRAN PSR EE o o, p, Ml p, 4300 iz i A e 46 ¢ H RS
¢ - 1 H YA . BT IR E R 3 B A SRR BR 6 (AR T 53 £10%) |, bk
o R A R0 T SR 1) 2 T, A S S SR R S 6 1 A £ R EAT T AR L A5 B R AR
WL AE 4351 A 2362 4~ 2511 4~ 1609 4~ @

Shy A — 25 T 5 B A U B R R ) AR A AT RRAIE 45 = A B 3 A AR £ R
J¥ 0 0 481 5 BT ] o AR G B P RS IR 55 R B 0 A A RRAE e AT IEAS A
Oy 2R AR R 2 06 SR R AR ) S BN 4 (B mL I ZEHE L 2015) , BRI A SC
AT T IR AR A o A LA R, W S B o Hod AR 6 R X ]
K143 A H0 Y A 50 B 590K 0 B, e 4R 6 N A A 2k, SEZR XTI H B E N 1Rt
Ay AT LR (A BE )N R GRS BR T 3 0  JEE FIIE BE 3 501 < ~0.1086 Al
4.4856 () %) .0.2605 F1 6.6454 (1 dt) . -0.0064 F14.8139( i), A W, =1z
WK T 3, R E AT HA ARG " RRAE

COEE --- EE&S M —— UM
e — S — 60 —————————
50F {  sof {4 sof |
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i 20 | { & 20} 1 3 20} ]
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~ BR-SN A s N
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T L IR AT DL B, = A B T 3 A W e 3R R 3R L IRITE AL e A
BB 2 B [ B B ) A, B AT 0 T IE 25 43 A0 R0 e o3 A 0 R 0T B RE L AN [E] T
12 GE W 4 27 B ) “ DR UG JEE B2 " REAIE o X e 2 IS S ) AR A 2R W T 3 e R AU e B
MR R, AR SCRRIXFP IR G2 o “ ARG R " FRAE . S IR0 SRR 2% DA 45 1R A 3 77 XL
5 A8 B AR K AR HE (99% ) , 45 & v oA L H BB/ )S | R VS BR JEE A9 R A, e R ) B
R AR SRR R S B G . FLE R 7 XU A B, S B XURS: T Y
DA T8 JRURS: B 7 B2 B AR ik B A I 220 1), 4970 4, =2 44 1 XU J3E 48 b ——TE B
{H (Value at Risk, VaR) . 1 H B 18 ¢4 A 0] DA Sk 80 A XU 457 2 S B b i) %
vig JE R BT | >4 55 bR 8 A8 XURS: 8 2k 1 H B2 Sl 1Y ¢ 0 A i AR 3R 0 A o JB e XU I
LR E B HE SR 1Y 1T 7 RIS 916 455 A8 47 T I DXL AP AV, £ 22 90 2 R AT RE , 4l
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iR ] 4 A XU Bl Y AR 2R o PRI, 56 T R 45 MU A RS BRI A S, S B R T 4
(2020) WBFFE TAE 18 S B4 U0 HE 9 AR 51 A AD KR 56, SR A P A0 vk U LR
FRAEUNT - BB i g2 2 50 { X} IR A B 1A A o (1) AR AD A 56
X o3 FE AR AR SR B RE I SR T AD KRR KR B0 ( X} 5 (2) LRSS B3 AERE AR X ]
[ min (X,), max(X,) | 1109 1% F199% & {7 7K F- L 0T 6 161 5 14 5 K458 25 53 59 -, 0
Xpo A7 0 AD KL 0 PAE /N T8 3 MK OF 0.05 R B W2 &, = #(X, <« )/n >
0.01 5k, = #(X, = x,)/n > 0.01, MIFRZ AL 45 7 9 BA 22 () S8R F#1E

MR UL g SC, Al A8 280 7 A i dE L B = ANk 3 0 PAE R 2.5402e-7 .
2.3895e-7 F1 3.7290e-7 (1 3L /IN T 0.05, $E 48 J7 AR 1% ) , k, A1k, 53 51 4 0.0233 F
0.0174 (]~ %) .0.0056 #10.0104 (#Hdt ) .0.0267 F10.0242( F¥§) . H, =4
PR PRI R AR . Forb TR BT I RS R A R A R AH
R WA T 3 IR 2 R A A R AR o K b AR SR R R I 3 B A 1 AR i U8
i, KRR RERLBAG G T B R, R SESS R T R 2 ik
W W3S A A S B ARG R T ARAE

A, % 8 3 F R AEAS X A] 36 3% T 2021 4F 7 A LSk 4 [ DL K X B0 i 3 9147
AR R B o PRI, AR SO Xt =B 7 3 AR I 47 B Be 09 % s AR (1 45 : 2013 4 12 A
19 H E2021 47 H 15 H ;#1db: 2014454 A 8 H £ 202147 A 15 H 5 i : 2013 4F
11 726 HZE20214£7 A 15 H) 347 75, FEARE R 505000 1510 4 . 1687 />l 967
Ao GTHRE 15 8] = ANk T 3 89 04 B 43 51 Dk 3.7998 L 6.0546 Fl1 3.8663, P {E. 43 %Il A
3.9735e-7.3.5566e~7 F 6.2048e—7 (¥ 7L /N T 0.05, 5 48 i AR 1% ) , b, 1k {EL 53 51
0.0298 #1 0.0225 (] 7% ) .0.0059 #10.0119 (i dk ) .0.0403 1 0.0383 ( i), KL, =
AT A R I QU R T RRE 3R AIE T B 2 458K AT o

LA B = AT S I BUE S SR 0T WL, BT S 0 b, Lk (B T AR
WAE R T Y, R B R R s R A O U Bl B R B RO T AR 1AL
BT %, X T REH T &M T A T b s X 3 KRR E AN . 8L b, Sk
IS A ML IX, T B BT TR isCHE T AR A S s HE A B = o B, He (2015) 3T
S WA o3 e 5 B, v D DX 3 At ik HE 0 B AR 25 S LK, R i DX 1) S Y 0
HE A 32 5 T P L 1X 5 Jiang et al. (2023 ) 7E 5% U HE 2 bR A o gE— 26 % 18 T IS
PO IR 8% a5, BIESE e B, FE AR D ICHE K S v 22 5 B k3R Y 2R BB A 0y T Il L
HPE SR 1 B e B DRHE AR o F AR S A B A B R, Y ek HE A B e, S D
AR A b T A SRR R ) A e A R B, B R U e R JRHE T R e 1Y
MR . IXHT, T 3 0T B T 1) R e e AT, T BRI AN 0 v U S A S T i T 3
JRE BB XL R

7 e B e v A BRI R, XU T 5 S AE FE 56 4 5 B v U BOR PR PR WA R
e 1 S B B8 o R, Sy 6 I b D 1B A v Ak 1 2R AR A ) TE A PR R T S g S e A
Be, RS PMBE A 5 (2022) 1Y TAE 15 S5 F R0 901 09 S AEUR I AT BB B Hh e L
90



&5 (% X% 4 2006 a1

JF WA it X e T 0B B il o A E NSNS TR AL A R TR SEBR AR SO BE H Tl
BE X 5k T 3 7 A A A s A o o SRR WA S G . ORI R K A A DY 5 AT
KSR R S (R — ), )5 & 10K 53 & S 10,15 120 (43 51 %53 1
JE =AU R A5 B = AR T SN R BT R IRk, RNk, BOME, QNS 2 BT
e BRI B S Bk b S ORI o IS R BR A SR A T 3 25 T A T B A
25 2R 4 ) B B PR UL 25 28 40 A AN TT UL 25 2R A0 A 1 10% R AR AE (OB ) , SR t
K 56 X5F R 2% R SRR AR 40 A7 ARG 6, 0 T X N TR T K R ke R kAT AR g M AU v
MR, H W 25 R 00 B A R 25 S (P AR R 2,

*2 ZME D KETHBRT R & EFF 4R AE
T e | Gk ‘
*x B SR # +i&
03 0.0744 0.3097 0.0281
;3 6.1796 6.6991 6.0900
15 k, 0.0044 0.0025 0.0070
ky 0.0077 0.0063 0.0023
P& 0.0031 0.0375 0.0106
1 & -0.0093 0.3258 0.0987
W 6.7188 6.7653 6.2172
20 k, 0.0047 0.0017 0.0050
ky 0.0071 0.0056 0.0025
P& 0.0021 0.0122 0.0070
T -0.0307 0.3422 0.1087
W 6.9030 6.8038 6.4259
25 k, 0.0050 0.0013 0.0051
ky 0.0068 0.0053 0.0043
P& 0.0020 0.0139 0.0059

2] W, B A 8 k, Ak AH /N T 0.01, 08 5 ¥ K F 3, 0 A% 0, %R AY
T P WAL 425 338 40 A 25 S B R G JEL B KRR 5 TR , P B3 /NT 5% , 3% B vp S B0 79 1 A4
F it %ot A R AR BB . AN AIE T My B T A T 2R AR R A kv i EL
JREER T Hp e R 0 W 1 it 2 XTI S 0 A s R 3 e e — 25 BRAIE T Hp e B
JF R 7 B s [ A i A T g AR Y ) A Akt . IR SRS R B0 E T R 1 Pk b
K APREE AR WU H bR & 5 B I es %840 A 2 I AR JEL B R A ] Bt A e
TR 2« H S IR W A S ) N 25 R IR AN U 25 2R 0 A S B AR I SR R R AT

SO R B, WER T EAREE T R T2 RERRE" 5 RIEHME"
PO RO [ B 38 SRR AE o SR B0 UE I R AR SR 5 EL A s PR A T S R, o —
A 1 BCRR B A T 3 A Ry Xk HRE A A8 1) X FL B E . — b, R B T I A <K
W, /NBUR T 2505 s, HAE I & RRE KR T, i g & T p

@ PR T BRE , B G £ S5 T DL A T o0 s 5 )
91



FEARWE P ERRHEAN L 5 T35 0 4% 5 B AL R SKIEE

ES I i P 1 42 e B S iy s 1 e =4 < o IR R o 1 T ) B =t L B L =2
Wi 95 55 o PR G, A S St gt BRI B il T S ST 0T 39 1 e TRC 4 (EUA ) 28 5 W 38 4 £
AR MBI T 4, WIE RN 2160 4~ . P2id 5, EUA U 25 58 5 51 4 fin S35 1 06 3
4% 2R -0.1214 F1 17.2230, P& K 2.7778e=7 , k, Fl k{43 511 7 0.0005 F1 0.0014 (¥4 /)5
F0.01), LiRgs IR, B9 Ak 7 3 0 25 23 7 91 09 43 A ik = < O WS R U RR AT 32
BRI R 2 MU QUL B T RRAE o LR R AE T, WA W AR R A D RRIE R B
RSP RN o RE 7 A1 0 (B HE R SE B 1R R iz B il ) ST A A T —4F
JE A RO A SR FC AR DL R AT A FC AR M . PP L AR T S 2 5
AE 0% 3L BH A 0 B 2R A7 2 A Sy, T AR Bk sl i x W A o8 o RIS, A A R
ARG BB S — A T R 2 e A e R s A P 18 A A R B 1k T WA R T Y
MR FE P sl W T T RS 25 . 0P E S AT R EC U B R — R T
B 5 5 T =, FE T A i (R T A R R A R SR B A S 51 Rk
T 3 33 W TiT 5 07 6 W A whly o 38 ek R HE 0 A T L AR I S R TR AT A MR TR AE
F WS 028 A S AS AT T30, E— 25 B0 UE T AR SCIT A ST A b B4 T A TR 2 A
R A BOPE

G TR B S S S B N O A 12 TR U T R RN v 1 1
“OQUETH R T RRAE o TT P U AR SR B AR AR S B R S AR R AU B TR S IR R
WE A B A, DR AR SOt — 25 2 A v e A S I B R PR B T R AN U SRR AR 1Y
Ak, VEEUES A IR S ST ] (2021 4E 8 H 25 H ) /E R Bl AL 8 R
R AL L B = AR T AR AR A3 B R O, AR AS B 43l R 1540 A4 A 822 A4 (T
) 1715 F1796 A (1) 983 AN Fl 626 4 ( i) I &, Fl ks (03 3 FFm -

* 3 R BAT BNk 3 Rk, Ak, 3T R
o 1 k &
B
1 2 1 2 1 2
k, 0.0292 0.0097 0.0058 0.0025 0.0397 0.0064
kg 0.0221 0.0109 0.0122 0.0075 0.0376 0.0032

M1 3R] DL, =SB T 3 B ke, Ak (LR 20719 AR i 28 5 3, i Wi 2 3 4

A 7E 3 73 AT 5 BT A QA R R TR AIL , AR Y AU b, Rk {ELDR TR T
[] “ QU J5E J2 "R AL B A, e W v g A 2 BRI DR A B Al R B A Ak 2 ke kM T B
A I HE IR Bl I A, A B T 3 T oK, D AN B e Bl . R SEUE S R B E TR
U 3 Fp S BR R A A5 Al 2 08 R e A WAL i R 00 A R AR AR AR R T O < A i
Zha LRyt a] WL, SRS T S R ST, ISR PRI 5T vk AU A 0 i R

A BIE 1 AR BE A BT HR A =AM R, RIVZR B S IR AR 4 Y XU H
P2 5 B O W R A S B AR I TR R R AL, e A O A LA P e R R AN
© WA RO AR AL | A B T 3 LI K 2362 4> 2511 A L1609 A B F- K. DR R T R

EUA AR MR 3 I P 22 BSCHE S0 A % e P DL AS ) 49 3ol 6 8 B 5
92




&5 (% X% 4 2006 a1

W i R 0 A L B AR WA R R AR, LA R S B O A S 2 0 Bl WA A R O
A R AR R Qg R R B D AR TR R . X AR T RFIE I 55 1 B T 3 R A% O 2
BE, IS A B, s i S il HAR T I " HE R M 1T 57, S BU A AN LAl
IRt Dol A LS RS TR B 1 M iR R R R T M R T (B K)ok
e B, A 2 il 203 3l , 5 20 R IRAE ™ 5 BB R BOROR R G KU BT, B
G < AL X Bl B 15 UL B A R 0 i 4 B R s M AR B o TR, LA A T
Al o (AR B B TR i (A I B R Dl HIE 19 LS AR T AE A 5 R LR L T, A
b2 1R A i A 2 49 W SIC T AR AR BRHE L 3 T 228 AN B E T, S BT 3 ik
A BAR T AR AT R SAS D8 HE o eI, Al B0 T i K B O B0 I X 7 X
AR B DR 5 1, B AR 2% 0 BB A B ) o

Pu | 45385 BRI

AR SCHE T 3 [ PR 5 I B LR S 2 PR R TR BR 58 5 A A B AR SR A
W, g3l DA J 38 R A 22 B A A A A T Al D7 BURT A5 v S RO Bk I HE XU T
P ZEAETY o A5 e BE At b, SR FH B 38 52 20 A 3k X 3 [l DX 3l e i 3 9 R s A X 30
TF R SR A 56, 1 1 485 7 [ Bl 5 S AL | e 5 B 0 D5 20 R ik | L O B B2
M N E . RBEILLT 458,

Fi—, TR MR ORI (0 A AR 2 8 o 7 BU Bk Sh AR sk T 352 5 3
MEHLAT o, 3 A MR e 2l BRI AN Wi 4 3 70 A 2 B AR UG 2 R VAR AIE . AEFRIE
(8 T BE PR E T, i 07 BURFAE O XU ™ B b 9 St S [ o 7R PH 52 B DX 5
SR A B IR B R AL 55 o T AT KA B 2 e (W B A B THLE) 5
PR G BRAY B A G bR BIVRT AR5 BR ) Z ) A7 AR AN X Bk , 75 BURT AT AE M o)
TR U I SR < V- 3 e A R S s e B K LASRBCR B ol g, PR
AW A BT DU 308 3 Ay BT B st ) P00 X e AR " 2 R Bl 5 A 8 2 I Bk T 4
BAXER, s i 52 53 i8I, R B8O A S H HER XA ARBIEST O, e
TRCRApe i I B L, ot WS 236 0 A 2 B Q0 B R VAR

B T, rp R PO R DT N 2 ol B T S SR IR B KR T8 B R 518K
B O WA i 28 00 A S B ORISR R T R AIE o PR OR3P A B B PR A 5 22 T AR Y
A T A #h T7 BUAR Y SR A5 i 4 BB Bl SO IR R 2L S E AR A
I, R SR AR 2 a0 e B PR M it ) PR B 7 B, g PRI Bl B A B B0 5 AR e A i
G- X Bl 1o D HE A e BB Sh B AR o LW AR bl A N N 2 RO 2 RO ik P
(07 oK, G A e B B ML A A B 2 B Ao, R B T S K, T ALt A R R 8 3, il
i T3 3 XIS P TR 3R, 7 R W A WAL i 3R 0 A B B AR U R T RRAIE

o =, SRR M R A R TR E B T 3, HE S AN I AR R 0 A AR AR
ORISR ) AR IR IR R T AR o rp SR PR WA 4 i sl oA BB 2 5 AR 1 S [R] e HE RS
AR EX e s B AT i o e ST A P ke B O B It A HE S B A BR Bl 5 & el A
i e ) ol HE O 45 A2 i, T WA A5 R Al [ R BE TR Il P 3, — LR A T

93




FEARWE P ERRHEAN L 5 T35 0 4% 5 B AL R SKIEE

Tk 55, BB r R e 1) M) i e A 7 0% e 5 SN O e e i T oK
TR T S AU 5 T3 A A A rR e B DR M AR I B 405 i 2 4 1B AR E B BUR T
Y, 9 2k A B B0 S AR DA A i e 7 il e 4 1) D B Y RS B T 3 oK fe
B WA i R 0 A AR FR AR IR R ) AR e SRR R TR

Zi BRI AR SCHE 7 1A FE B T S A0 A D0 2l e T R AN s 10 s A A R R XU
2 e 18 o R P S IAT 5 5 SRR (28 4R JRUSS: , 20225 5 35 HE ST 20215 £ #) 55, 2023)
ST T e RS, B W 5 4598 A L BN UE o X3 1 BE AT WF 5T 22 DA T 37 fOWL 45 A4 i
BB M 3, A SCAE 2 T A SR BU U7 BUR 5 Aol 8] B T8 56 &R 878 1 BUOR K
2 R T 3 1) M A% T SCPL L D i T 3 XU B 4 B 006 1O g AR BB o e A A
XF B RS, A SO Bl WA BRI T el AR TN = A T TR AT BOR
W,

F—  WIRER AR M AR E T . B, AT USSR R . TR
B T2 8 B AT R R b, 5IABRHR AR 7 38 (B Bk HE P 81 i B9 GDP)
LA BTG AR T N AR AR, B 2 TF R K B AR H BRI L 7 I 18] Y
VR AR, 515 L JT BURF H 3 R 1) PR AR SR A S S B Ok R 22 5F
W o 0B 3 R B9 7 L, 7 1 R e e N i T S LR AN T R R BE ARl
FOUR, dESL B T 3 BOPLEE” W 5 7 B RS AL ol [ KA AR BB AR T
BRSO 45 G iR 3 1 TR A B B R A P IR 2052 B i R
JEE 55 A% IR 25 95 b B BOMLEE ™ A8 R, 2 00 A A B0 B DA A IX Al
TER T 1 R 5y A7 R o PPA 45 2RATE D D7 BURFAF BE 25 4% 19 Jin o 540 20 Kl 2
i 3 77 ORI T 7 B WL B 55 W e 28 g 40 T AR e 1“5 — D AR N7, 802
FRE DX Al B AE B SE 5 AT

S T, S ey B HUB AR BT — 7 T, AL P OR M A U A B S0
B AR o B AR AR AT 38 A B 1 A A 23 VB T M SRR A, o A AR IR
AR R ATl | SR B UM A O ) S TR, Sy Al TR 50 2 Y R R4 . TRl B 2
AT BORE 2, i 122 0 BOR Sl ) | [l i 3 5 D) W A L AL |, S iR LT
B 1) SR AE 2R MIASE I U] o e o, HE Sl B0 OR W A A 3 5 i 3 2 A 0] U
STt R M T T 5 Y &N g1k B Al R e A W B AR AT . 9y — T
B I S B AT T R T S RS e S AL o 4 TR T AR A B Y 22 S A
ik, S A X 7 3 47 AR B S A5 PFAl RE 7 o i T 37 IKUBS A 405 2R ) el L, s Sr
WAk | B 24k i T S e AU e ik AL S B A A R BE AL, HEBR NN
e BRF 1 99T, S iy S 4 AL 1 o 8 ) A A R N A G A Ak A WA R B R e A A A
P ok i B R e A o AN, B R R R B WA AR S HE A S, RS
A% JBR AL A A% R R o i, 2 IR CCER Hi i i3 & FC 40 A 9A 32 A , ik 4 A
A M5 A AR 553 A oMb DA Bl A7 5 TR A S S AR B S S, 25 TE A A% R o T
I, 1] T 3 B0k 5 PO AR, R E T I A% o i, D Al 8 2 A £ A3 AT 34 i b
RSB S B B A A A
94




&5 (% X% 4 2006 a1

o =, N BEEhE N B B SR E T B, A T IR R G S A B A
JAREHLE . g A Aol b — SR B AR B BB MOk BRI AR B B i IR s AT
T OL5F Z 4B AR B A G K L R ISP RA R o [ TERE T —4F
JEE G 9% P 490 73 BE 48 I A 308 A b 1 20 245 2R S it 22 A 1) BC 0 0 e 2R 8, TE B A0
T3 45" BB 2L o A 0 T A7 AR R MR B Al IR AR A R BGE H—
SE AT PR PN 8 TC A0 9 Bl 20 BC WK , SR Al by “ WS AN B 1o < =R T, AR IR
At R A oMb g 14 PE A0 5 5K 982 DR S T e G A s i S5 1] ety ok ) T 3 A 1
HR G ETSZS 5 EREFEERLS MR AR . @i kA R AR A
AR AT b 35 BRI A T A5, DRI 0 A AT b B A ol 39 B8 5 A2 A R O 30, i S T 4
Aol ke by o R, 20 BrBrgl A2 oo sg By A, anAT & 25 4 B x40 4 sk
MOEDIEERAT (AR 29 H B R 55T LS A S SR B B 3, GE T TR Bl
P, S s AT A E M, S T E PRAE K o B, B2 HE R AR I AL e B0 5% 25 4 A3 2
an BT, Bk 732 5 2B At R A AR A AURS X i TR 220 R IR B
G HEMRER R, B AT A TR 5 KUK 7 72 BE , BEE W 37 B W L5 o iy
SR M A B A RO R S SR LAY SR 7R 51 e ) A L R e e R KU, R AR R
DRV, A A 8 000 24 5 2 5 Tt T 3 169 P A P e s I BB D, DA A S i i 3 e s
e s RSB 1T AL

S & 3k

Mrie— BREFRE, 2018 : (515 0 (BUNIR B S &R E kB (&) 5 2 1,

PR —, 2022 : {IRAR & 5T ), (L TR TR )4 6 9

BT AT RS 2023 : (0 RS 5 8mHE R E AL RS, (P I IR RL A8 12 1

Jr BB A5 SLHT, 2024 KB 3E 5 SR BT A4 B A B D HE AL AR A0 ) L Kb LA R AE DB S

ONHER BTN EAE S (R RIS, 2022 (IR E fCHE BT 38 S 4 B SRR AR 5 XF 5 A 38 Zy 1
B SEREAT BT ) , (i OB 24 ) 56 4 1 .

3R 5 A R SO, 2023 « Kl HE O] | £l s HE R 5 A R A 7 e ——J T v B B HE O SE 2 LT 1Y)
HARSLER ) (AT 4.

WRAE, 2025 (G FE T BUN AT 2 R B E IS 1E ), (G R ) 781,

WEL 2, 2015 (Bl A £ Al S B A HE A - 3L T Generalized—t 4377 1 Gram—Charlier J& ¥ 43 47 19 L AF 58 )
(i E B BB )5 103

AT 4,2020: CHE T LS L EE AR 56 19 A S RCEWMA 6 ), CRGERL 25 8 )28 508 .

ZEMh TR B BT, 2015 (R PR L S TS B AR TEARBLLD , (@ F (=)D ) 2 1,

RAA 3R , 2022« Kk H AR AR b 9 b R 22 5 R TR R ), (TP IE ) 56 1

XPRAE | ERLEF R T e, 2025  (CBHARSRIE 25 5 1 T 35 0 3h B0 —— 3 1357 18] SCA A3 M A 42 080
Pi) ARF TR 5 44,

X AR08 SRV MG TR X S, 2023 (e TiT A7 5 B S T S T A% A 28 XU Vs HH ORI AT Y B R AR R
1§25 54 TR AE ) (RE TR S ) 3.

XA BRI R P Bk R, 2020 K38 SUAMI L Tk B B R S A AL ) (@R AR (D)
F2M.

B 24, 2015 - (5 EOR [R] 43 e 7 s AR 28 5 T 3 188 o i ), (b 148 BB 24 ) 56 S 1

FAIE 2017 (RO 525 7 BUR B 54T 0 B0 TEE 0 i), CREF SRR SR ) 38 11 10

95



FEARWE P ERRHEAN L 5 T35 0 4% 5 B AL R SKIEE

FLUEHE BB TR G B B T I, 2021 (R T /NI 2 00 BRI v IR BRHEORCTT S M AR B S R SE) L (R G T
FEPIE 5 SR EE 7

B, 2025 (FEE P EMNBITEH), AR .

TRZE M SC, 2014 KPR REOR PR S AR 09 R A= S B B A B B SR ), CHAR U B 55 8 0.

FEAT R, 2012 - (4% B b Ty BUR 2 S 1 25 AT AR A 5T —— LU M 7 PR S ) L (R AR B B S 5 30

ER HE BRI, 2024« (& (5% R R b 1 W B0 5 B IR IA B ——2k A K TR IR i IE )
(&BEUFE) 5 103

B R AR TR, 2019 OO HEFT A7 S R4 3R B Zy « o ] X sl 18] 5 HE A 43 BE AL A 5 ) L (42 B F
FEVH 3

AR KR R AR, 2013 - CRRIBHRBOR - IR B A i 2 M e 2 ), CE BB 222 40 55 9 10

ARFY BRTF— SBIE, 2017 : (AR OR IR LY 3R 5 B IR B . LA s S5 e R i), G A58 ) &% 1037 .

HORAR R R 2, 2025 : (R B AL A B AR E - — DB T HEZR ), (A TR BFIT ) 5 8 1 .

INGEAE G205 REE (BN, 2022 (B KRS P R R ORE G IR BIACR ) , (TS 2255 ) 55 6 101 .

FE 5 3R, 2025« € o 61 11 3% 5 4 il T 35 [ 0 i XU RS Vi 1 2080 17— 36 T 43 (o H0OQ I56 199 2% 114 SIIE W 5 )
(R 23 # B ) 6 1 .

FRET EWAT ORI T, 2026 (CRUR P S Mg S AT (AT 1.

EW IR ST, 2023 : (R R T 3 XURS: ¢ (8 B 5 SERE RS ) L (b R 2 ) 5 7 300

Pi5E, 2021 : CEBEAT ), i A MLAR Toll R

HHR T ,2023 (L TR R TR ), 52 BLRAE A

VEICHE VR A, 2021« (i S 75 BURT -5 Al AR e P [+) i 1) 55 B 5 s —— LA Rt ER B 3 IX g 4511, b BN
F - BE 8 5 28 )56 12401 .

FERR B R A7 R, 2024 - (R IR H AR SHAE S BRRIR S AR 2T C) (A TFIT ) A 430 .

o == I ARG AT R, 2017 - (R AR A 5 0 PR 3R B B O R R R R R ) (R R A - BRI S EREE)
Folll.

THRZR L 2011« (T 1 P55 st - AT O AR i e B ) L (BRI ST ) 5 4 30 .

KA R RIS ARG, 2021 (P E AR O A R T B0 e S S, CEFRE I S5 8 1.

JEl B2z, 2007 : (i 1 4 07 B 53 B THERAR SRR E S ), (R BFRIF ST ) 26 73] .

JE B2, 2008 « % Y v i D7 BORT < B SR SR B, BN R AR

Blyth, W., and D. Bunn, 2011, “Coevolution of Policy, Market and Technical Price Risks in the EU ETS” , En-
ergy Policy, 39(8), 4578—4593.

Cao, G. X., and W. Xu, 2016, “Multifractal Features of EUA and CER Futures Markets by Using Multifractal De-
trended Fluctuation Analysis Based on Empirical Model Decomposition” , Chaos Solitons and Fractals, 83 (2) ,
212—222.

Chevallier, J., 2009, “Carbon Futures and Macroeconomic Risk Factors: A View from the EU ETS” , Energy Eco-
nomics, 31(4), 614—625.

Christiansen, A. C., A. Arvanitakis, K. Tangen, and H. Hasselknippe, 2005, “Price Determinants in the EU
Emissions Trading Scheme” , Climate Policy, 5(1 ), 15—30.

He, X.P., 2015, “Regional Differences in China’s CO2 Abatement Cost”, Energy Policy, 80, 145—152.

Jiang, H. D., P. Purohit, Q. M. Liang, L. J. Liu, and Y. F. Zhang, 2023, “Improving the Regional Deployment of
Carbon Mitigation Efforts by Incorporating Air—quality Co—benefits: A Multi—provincial Analysis of China” , Ecological
Economics, 204, 107675.

Smith, J. M., and G. R. Price, 1973, “The Logic of Animal Conflict”, Nature, 246(5427), 15—18.

Zhou, K., and Y. Li, 2019, “Influencing Factors and Fluctuation Characteristics of China’s Carbon Emission Trad-
ing Price” , Physica A: Statistical Mechanics and its Applications , 524(6) , 459—474.

96



&5 (% X% 4 2006 a1

Price Volatility Mechanism of China’s Carbon Emissions Trading
Market and Empirical Analysis: A Double-layer Evolutionary

Game Perspective
WANG Jiecheng’, GAO Wenwu" and CHEN Shiyi°

(a: School of Economics, Management and Law, University of South China;
b: School of Big Data and Statistics, Anhui University;
c¢: School of Economics, Fudan University)
Summary: High-carbon activities drive global warming, making climate governance a top development is-
sue of global concern. The carbon market serves as a core instrument for addressing global climate chal-
lenges, a key lever for China to implement its “dual carbon” strategy, and a driving force for advancing
high-quality economic development in China.

As an emerging policy-driven market, it faces considerable risks and potential hazards in its initial
stage, such as low market efficiency and high policy sensitivity, which may even threaten the country’ s
macroeconomic performance. Under a market economy, asset prices often serve as a signal reflecting the
level of market risk. Therefore, clarifying the formation mechanism of carbon prices helps stabilize carbon
prices and promote the sound and steady development of the carbon market. Different from traditional fi-
nancial markets, the carbon market is essentially a government-led market-based regulatory instrument. Its
price not only follows the general laws of supply and demand in the market but is also deeply embedded in
the national institutional structure. In this context, this paper explores whether the institutional characteris-
tics of political centralization and economic decentralization in China affect carbon prices, whether they in-
duce new patterns of carbon price volatility, and whether the sources of risk can be identified in reverse
through the patterns of such price volatility.

This paper incorporates the institutional characteristics of political centralization and economic decen-
tralization in China, introduces the analytical framework of overlapping interests theory, and systematically
analyzes the interactive relationships and hierarchical features among three stakeholders: enterprises, local
governments, and the central government under the principal-agent model of environmental governance.
From both partial and overall perspectives, this paper further introduces carbon trading and public willing-
ness constraints to construct a double-layer evolutionary game model involving enterprises, local govern-
ments, and the central government. On this basis, it clarifies the logical relationship between the behaviors
of game players and the patterns of the carbon market under the institutional structure, and reveals the en-
dogenous dynamic evolution mechanism of carbon prices. The findings are threefold. (1) The dual goals of
economic growth and environmental conservation will facilitate the interaction between local governments
and enterprises, leading to speculation among carbon market participants, greater volatility in carbon prices,
and a carbon price yield distribution characterized by “leptokurtosis and fat tails”. (2) The environmental
supervision from the central government will shock carbon market demand in the short term, increase the
frequency of large carbon price volatility, and generate a carbon price yield distribution characterized by
“leptokurtosis and distorted tails”. (3) The normalization of environmental supervision from the central gov-
ernment helps stabilize carbon market demand and promote the transformation of the distribution feature
from “leptokurtosis and distorted tails” to “leptokurtosis and fat tails”. Subsequently, this paper defines and
quantitatively identifies the feature of “leptokurtosis and distorted tails” by introducing the concept of good-
ness of fit. Drawing on counterfactual analysis and event study methodology, it empirically validates the
theoretical analysis using daily carbon price data from the Guangdong, Hubei, and Shanghai regional car-
bon markets from their establishment to January 1, 2025. Finally, targeted policy implications for the devel-
opment of China’s carbon market are proposed from three aspects: curbing speculation, mitigating shocks,
and stabilizing expectations.

Keywords: Overlapping Interests Theory; Double-layer Evolutionary Game; Carbon Trading Price; Volatil-
ity Mechanism; Leptokurtosis and Distorted Tails
JEL Classification: C73, O13, 138
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