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Abstract

Under the background of “double carbon” target, the proportion of natural gas in China’s energy
consumption structure is increasing year by year. This paper selected the settlement price data of
natural gas futures price on the New York Mercantile Exchange (NYMEX) from January 4, 2010 to
February 3, 2023, analyzed the price fluctuation characteristics of natural gas futures by estab-
lishing GARCH model, and used VaR model to analyze the risk measurement of natural gas futures.
It is found that there is a significant ARCH effect in the price yield of natural gas futures. Through
establishing GARCH model and GARCH-M model, it is found that the volatility of the price yield of
natural gas futures is clustered, and it will last a long time after the price is impacted. The natural
gas futures market is also full of high risk and high return. The VaR of the price of the U.S. natural
gas futures market also has continuity and wave aggregation effect. The VaR-GARCH model meas-
ured the risk of the U.S. natural gas futures market at a significant level of 90% and 95%, and
passed the failure rate test at a certain confidence level. Therefore, for the participants in the fu-
tures market, whether they have high or low risk tolerance, the VaR-GARCH model can measure
the risk, so as to avoid the risk to a certain extent. According to the research results, the following
suggestions were put forward: increase the development and supply of natural gas in China to en-
sure energy security; accelerate the issuance of China’s natural gas futures, establish and improve
the domestic natural gas futures market; strengthen the coordinated management of pipeline
network operation and improve the market-oriented operation of gas storage facilities; promote
high-level opening up of energy, and closely monitor the economic indicators of developed coun-
tries, especially the United States.
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1.1. ARER

RSN IE R HE5D, R— RGO RS F IR, (HAEA S MR Py, B EBUF T
S SEAT AR E ], BUETTIAS SRV, 1956 EF] 1997 4E, IRE G| ARSI EE, 7EUkE,
FHOGER ] F X P= LBE  1E AS HEAT B, s AT 3915 5 5] S A= i i a5 s 1997 4R %] 2004 4
SRR ) RAR SR DUE R S B, X — B, R DGR T AR PR R s ER A A e
Hihg: 2004 FERL, RIE N RINT I AEPE K EIEL,  AHIGH T T AR 2218 4 ) 0] 7= M B 245 16 1A L
ill, e e A B R A gk

AR, BEESTHPUEARE, el Rk, JRHZERARA. B 1993 FFLK, RERRAT
Wk EIRGE, #E KR RSE, 2016 4E2 2021 4F, HERIRSIH RN 2078 123777 KK 3] 3690
LTI, RARSAEREIRIE B b M b () 15 LU 6.1% 32 T3] 8.9%. #R1T, [ P RARSHE/N TR, T HRIIE
N P RAR AL, T RIS, R sk B ARS8 Ak R oK o 4 1 R Gt s
BE RIS IR IMEAT B 2006 AEL I AW ETH##, 2021 5 H [E RIR S AMKAT E 2k 3
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46%. Bt BIE RIRTSIMRAFFZROEE i, RAR NS R 22, & F AR AR SO R A 0 A 5)
RARTWTIHII R o 70 E R e ER BRI RARRHE L, T rh E S5 bR R IR 5 HEZ A S m kAT
T AIEE S, WO G, —EH LUK T ERRA T S e AUk, KETIBRA T E B it
o JFH, BT REIBOREARA I BRIENSRE, KEREEWASINRR I, E5shh
W AE 5y BN GEIRAR T B B AT R I, IRER BT E AR 252 BRIk FrbL, 5L A RIR BT
Wi, 5 EBR RS20 S @ I AUEACAE JE R . B 2018 47 rb [H JE il i B 72 Lt [F bR e Y558 2 0 IE X
Hep by, A RIRSIIBTT  E SL AN e 3 AR H AT Ao DRI RN S B A s AR AL R AR AT 0
PrRAEEE S, AT R WS T A RT3 17, 48 5 AR BUH RS e € 1 5 i, B
A DA P IBTH S BB, X

12. AREX

TEREIRFE R %S T , 21 2050 48, RAR AL A BRAEIRSE AL H AT o5 FO ELBIRE A H 1T 23%48 K51 28% .
RIRAAEE B REVR SR (2 H 28w, BN RARA % KU SE 07 T i et s 2, JRE e
" HARMRE 5T, ARRKRIRTUTILI AT I & B LA, TR RBCRIE K SCRE, 42 R
THRAERI R I L IR IR, FOREHESD AR AR AP I, a0, S E AR HECE IR 100 12
W, 2 bt A HEBCR R /3, SEEL AN E ARSI EORPRAR . i R R B SRR ) S EE R
KR, ARRFFARKERA B 5 b 52w R IR TS TR I RV 2 o5 Ho e SR a3 . 8 DU 1],
HEAG AR LT RIR TS A PENIRE Sy, FIR T RG24, ORI ARG R AN 22 2o e fHE NI K
BB GH . ASCEHTFRR TSN R B R S S IR, BA BUR B 5 BSE .

B BT T RIR I BRI AR AR R, ANATTRESE XS AR R IR PR A% T8 15 B ) T3
M, FTLMRRRRAMA 5H . ORI ERSS5EBERERTSELS, HHTmHIE
7o s DU L U2 BT A M E AU I . K2 HZ 53 SRR A% L BkAE BEA HL B TR A5 1
Wil e R R . B R AR B H G IF A AR BB AR L, REms SR IR it — G
BRI, 8RR ET 5%,

B EEHT RTINS XS, AR T BRI IR KU . B R IRR AR
AR I ANEA WSS — R BUR BT HUORRST37, 38Id 0 1 A I sS BR AN A SR AE R A% B 5
TRENLRIRAILET S, W W S R SR R PR AR R AR R KU (AR, I BUN T
T 3 B 77 SRR A A ARG AR T RAR A BIER B . SBUT-THAELL, 8 a7 e TR XK, B
IR, AR T RIS 2 E .

= EEFIFRAR IR 5K, RERS eI B U A R DL BE AR o S BRAE N — R R OK
I TR0 T i EAT 22 5 KT B 240, 305838 R SRR A% (At T S IB I R 5 2 55 RIUK, IFRH
TG A, DRI B AN X R R T i I A A7 AE S . RN IR T 3 RIR I e A AR A B A
fiJa e, BT AR I RN A XU . RAR B A B A A DL R DI RE, 1B T3 O o,
F A g DR LB T 7 BT T S 4 TR 36 R PR AT I B2 A8 B e mT S YT B T 37 52 S LA SRR jl T
FEMIRIR MRS, DARGE RIR ST I 2 S 1

SV, R RAR I B AR AT 0 A, RERSTR AL BUR AR S IRIL,  F ISURF SR EDURH 2 IV OB 55 5 B
MEHEISFEERIE M. BT AFFEaEA e, XOFEBUTEHL “FRILNT” RIFT
LUFRRY, IR B IS BSOS AE P I OB DA B MECR RES R E I B i s, e dt & 3 i
LU D

AL, IR TINBTN RGBS RFAIE BT FCRE % Jy 3 B A SR SR I BT T 7 M %, 19 I 3e B 3 XY
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BTG L, PERARRNINT REA A HIRE 1, Lk b [F 2 5F IR LU Rk Ag e A f o TEEsk, Tty
WO R PENE B A E PrBUR 25t R BRSBTS, F TR LT R T BRI
SO, FEPRRAR IS A2 B, KRR, X RTINS B R BEAT 208, W] DA ik
WRIBCRRE S A5 KR, L se s WITTmbLa, 38955 RO R 58 XU (1 fE

2. Xakszd
2.1 RARSHETIALRWR

RIRAANE NI RFE R —, HA R sh 20t - E 2 WA G- A HES R, It H R
ANt IS AE — e FE B B RENS Sl R ARSI R T A AR AR SN L T 3 TR AE B o). BRTR T
s RME RN PR EIA TR 3458 34, AT ORI 52 117 3% 251 (Herbert John H, 1993) [1]. [E4MREA
ST L A, 4 CBOVEGH, VF 2 538 OO S BRI IIR T 4T 1 RE AT 7815
H T #E (W, David Walls, 1995; Hamed Ghoddusi 11 Sahar Emamzadehfard, 2017) [2] [3]. T4 REE%E
BUERE, ERATIZDGEH CBW7EE, HReidais st e g —RAITIIEHIRL
B W TR B AN R BB T 1 R SRR AR I PR G O . A I R X B HLE R )
B BT T R A S M AE T IE, SEE T AR LRI, BEER ORGP PR &2, SRR
WRTY, #ALG— TR I EHR(E Bk R (ARG, 2022) [4]. SRR TN E AR Z,
AFERARS H AR B RSN R . FEIR$1(2022) [S17E Tl HAERRSM MG, RIRSAMN
BRI FENE R 3 AR R A e R A AR FRERANTK 32 (2022) [6]38 i it 78 K AR
A RERATT I 5 i 2 8] H Bt SN A7AE W R I AR AR, NS A Vit N SR, i AP0t
TR A O BUR, BT A A R e SR R AR, BE IR T 5 T e st AR O BT BRL,
X RAR AN AG AT AR B B RAT R o SR T 3 B RGeS S50 M R I R AR T e, S RIFR T
BAE W RDL s, I 08 58 B hRvE Re 08 BOHEBIL 0% A5 77 38 SR 405 w5 o0 2 10 7 o A AR 5% (B ek v Ak 1
2021) [7], zHIHILE T W] LASEEIR R AR SR B0A RCE B BAR o B RS B i g ok i ar, (H3K
E KRR TS 5FH CRILH|—E8E, 7Y 5 M RE I E R, 2014) [8], KRS
Wt TSI AR H v fr .

2.2. H£F GARCH #HEI R RS HIK N IZTHR

Morgan 1.G. (1976) [91WF i3 W G 0% =i 2 2 75 22 AT S5 07 221, 18 FA A% etk 8] 3 ZASE 2 4 b i) 6
VR R SAIE P AEAE R B R IR R AR IES A0 A LA A T 221 . ARCH AR [ il v 11X — ] L,
FOWgh fa i 22 5% FRdE 25, 3 T A SR A Al F ik B Z A FL ) K J (Robert F. Engle, 1982) [10]. Bollerslev
Tim (1986) [111¥5 4517 250 Ja BOsEma %5 fE ik 25, % ARCH #ERLHEAT K JRAG 31 SCH [R5 57 5 22
PR GARCH 7Y, 557 24 BB, GARCH BRI 2 M T &5 AU st . 56
MEH, P I4(2023) [12]# 1 7. BEKKGARCH 17 fl DCC-GARCH R A M AN R 1 5 F £k K
S A ML T 7 (B9 SN AT B AS ORI, R IS IR WSt SO SO i S K L A A B 7 3 ) DR BB
PE— B TR S A B T 3 (A) SRIBC I, T T K Py 1] P A0 2 o 1 47 ) S DR M R A /N T DR 2 1 [ Ay A ]
BT 37 [A] K BBk 1k . James Robert %5(2023) [13]3z H MK Bt GARCH-EVT 7 (Alexander J. McNeil A1 Rudiger
Frey, 2000) [14]0) ENALT &, JFR T — M8 T RS 338 0] LLIRA 0 =2 & I 28 5 A 4515 1210 B2 38 X
B PRSI, fE B = A A 56 5 DD B R T, ARl e A2 U 55 IR SE N 3 . ORI, 5G-7-4E.(2023) [15]
FIFH VECM-DCCGARCH AN 1 R Bk 117 378 B ORAE AN 4 A IR e S HL Bl AR A ARFAE o 45 SRR W
WA A RO T B IR E XM R ILTIRE, 4 TR e ik, A BT 585 moE bl .
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2.3. EF VaR RRXRSHEM AR

Harry Markowitz (1952) [16] 1 X #& i # FE4H A HR B, 18 FHIME 7 22 G FE 7 VR AT KRG E 2
BT, GORTE T E BB 5 R A B AR E IR T A i 2 (William F. Sharpe, 1964) [17]. BE/EESEA
BB MBI R L, B AN BR (B H A At XU KR A 7T BB (Stephen A Ross, 1976) [18]. LA
EFAR S A B B AR AL E I B, [FIET A VaR RN BEE FR SR AR VaR BRIV N T KU
W FEFIWE ST, Tabash Mosab | %5(2022) [19]F] FHAERRHIE VaR £ % 1 SR R eI 228 5 A it
Z AR AER, RKIESRENLET G, B ECR s 5IC R M fE R IRE . 7K 555 (2023) [20]
BT AEZ N 3R #4 i# GE-Copula-VaR/CVaR B8, & LA 7T A A] (1) KU Fa 4% VaR 5 CVaR A B i
I ARREE,  (EEERPDE ) A5 BT IR AR 5 XU R T IR Sh A AE SE BRI AN e 10, i R T 3 UL 0K
GE-Copula-CVaR #77E 99%/1) B 15 /KT N EiEid Kupiec A AL, HuEmaTE 525 m T Aedt A3
Copula-CVaR XUl & 15 5

3. BRKIRULAR
3.1 TEIREF
ASCRPUA ST M ezt AR AW T s, ot Sk A () Fos:

P
=In| 2 1
: nEpt—lj )

AR, RAFLRIWGEER, p MAERLRIEEF, p R —RIOEEFEA, B G
B R I 18] 7 51 I AT 20T

3.2. HHAEKIR

AR SO B SE B L2075 il A8 5 BT (TR R NY MEX) R AR HA 57 25 540 s B0 43 Mt AR A 51 BN K R AE
o, AL A5 BT RIS TR R A, W4 R~ 5 BRI KRR 5 i, 2
—NEAIAE G FR, AR DIORBEE E BRBUAR 2 5 I e R 380, BT i35 (1058 2 5 00 T B
S R R AR S S ARG A B R o AN AU o) [ Bk B R AR S R T3 I SE oA, BE— 2548
IRRARS I E R IUER, AR ERERE RIS TP S RF . AR SCE S 2010 4F 1 H
4 H#F| 2023 4£ 2 A 3 HIALI0E &S 5 FT(NYMEX) RAR S 6e 8085, 3t 3278 S .

WRAE AL 58 5 B Bdis o, et RS IR A I BAE A 200, AT Reig T bR H SR BRI 200
T ST s, A SC DI & BN T B 2T AL AT .

4, BT GARCH 2RI B R ARSHA M A S E S 4
4.1. ADF #&I&

ARSI LA 2975 A 5 BT (NY MEX) (1 R SR S B 1 2010 4 1 H 4 H 3 2023 4 2 H 3 HIMZEE AN
BEATO0MT, 3L 3278 4IEE . (T b, SCEWSAE M TR S H, AL A5 T IEAE 5 R I
BT, R ZBIE SR R WO SRR . NYMEX RARS IR 45 AN e A n 1,

MIE L FTELE H, BE A7 7E 2 N AE HL BB e il 28 B 18 K A DA R AR S SR A8 200 4R 1
KUEE, HEIHERMBENEE, ZEHEFIEEE 2 — D EEPRT S, NYMEX KRS8 5N
NLZA RO, AR W R . AR A R Q)A KRR R R, W 2 PR, R
DA H RS TRMA IR 25 23 P 1 — PR T 81, AR SOR I RAR SIS A I 2 26 (R, ) R SR
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Figure 1. Natural gas settlement price trend
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Figure 2. Trend of natural gas futures price yield

B 2. RASHIEM N mREDE

S 2 P A VA B0 A N DR ESCHE  TIAN 2 (M BUAR S A s, A Bl P R4 T LAEAT R — 25 70 #rs
RGBT EEE, A5 ML A EILR T RS R AUER, IS ZEREEE 2 5T A, N
BTz ADF Kk . ADF KA RfE 555 PR/, 2P <0.05 1, fE4E RN, WaiF 5
AR, PR S, SR IAEFREFES. AT DR t St E MR A, 24t St ERE DT
FPAIAE 1%, 5%, 10%E(EAKT TG FER, B4 EHRBL W R P IAFERAR, PRl %
Feolo StUcas B AT A RAR I6, SR 1 Fow.

Table 1. Stationarity test results
%1 PRERBER

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic —25.03231 0.0000
Test critical values: 1% level —3.432168
5% level —2.862229
10% level —2.567181
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HIER 1 T ULE H ARSI t i 81H 9—-25.03231, T/ T 1%. 5% 10%5 3 /K R il
FUE, b dege 5. WESRFEAN P ER 0, Winge 5k, Kk KRS MU R F 5 AT

FESRLIAR, PRSI E P31, AT DLEEAT SRR 7.
42. RAREMRE

XERAR TGO a R BEAT B AR S AR OGS 3, RIS R 3 P MR 3 TR AR )
Tepr Bl ot A SR i B0 JE B AR HE W R AR A RIS, BRI R AR U B A U2 57 51 A
FAAE E AR AR SCHE,  FT DART ST A dic i R i 7. AR, i) LA ST. ARQIEZLFEAT WF ¢ -
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Figure 3. Autocorrelation and partial correlation test of natural gas futures price yield
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ARQ)BH SIS BoR, AR(L). ARQ)UIN R ¥ A B % 1, 850 BB R ik 2 A 2 (2):
R, =-0.705032R,_, —0.333157R,_, +v,

(—42.77313) (—20.22198)
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Figure 4. Residual diagram
B4 mEE
N T HE RIS BN AR 28 %2 5 AFAE ARCH R, 32 F ARCH-LM 65625 %2 /4 3(2) HH B 1% 22 T
R EAHBHFARTT 2, IR g 2.

Table 2. ARCH effect test results
5% 2. ARCH RIS R

F-statistic 320.3312 Prob. F(1,3271) 0.0000
Obs*R-spuared 291.9375 Prob.Chi-Square(1) 0.0000

Forgs: B EE 2444 57 77 22/ LM Gl B DR =i 2 K (3):
(i2 = 0.001019 +0.29865707,

(13.62877) (17.89780) ©)

R? =0.089196, DW =1.996391

B bR 2 5A@) T, F A LM Giil &t B P EATRE I k656 . DRIk aT DAAS 4518,
X —HBHRRER R —B B A e, RE bR B | RIH& M7 2. R DL LR 561y
UERA T AR TEAE ARCH 208, Pt ARAE A 3 (2) 57 ARCH #57H ,

4.3. ARCH REULITE RO

2250 DL B R R W R ARSI BN AS I 35 R P8 B B2 157 05 20, RIAS S0 Rt R ARSI Bt
RS 33 R B R 1T GARCH. GARCH-M #a36, KoM KRS TN R i sh e 5 A itk & X
W25 BIHFAE o
4.3.1. GARCH #&#!

iz ] GARCH FR AU RAR MM AR AL RE S BT IR AN, AR AT 46 w7 R A (4):
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R, =-0.673882R,_, —0.333033R_, +U,

4
(—38.63995) (—18.87455) )
R? =0.358758, DW = 2.251107
GARCH(1,1) 7 #2141 A :(5):
o? =0.0000185+0.1157260? , +0.87863757, )

(4.798040) (15.82873)  (119.2388)

3 G) IR RS RENE I ARG, 1l I TR P S B R B SRR, SRR RIS i i a2 1
BB NI SHNE IR, B2 B R ARSI, e R TR, 2 a(6) T R BN
ET L SRRSO I A R A2 BIRAE , I Iah S R SR AR R, oot X e Bl (5 B K
FREE— B (A], XA T EBUR N T R B € BT AT T, Be AR i I /E AT — R A A BOR T S

BRI B AT
4.3.2. GARCH-M &%
¥E T RE N A 5 (6):
R, =-0.677985R _, —0.335128R,_, —0.161775,/c7 +1, ®)
(-38.82924) (-19.42563) (-0.382570)
R? =0.359135, DW = 2.244521
GARCH(1,1) 7 A (7):
o2 =0.0000207 +0.1081600? , +0.88177707, @

(3.894504) (10.12654)  (81.93908)

it AK(6) T AXT) G RE R, KT 2T RECETG R, WORR NS RIS
DR e A (s e RO R ARl VR ORI, LR &) 2 B PR R Km0, O HOR
SR 2 52 BIZ TS5 AN PR SR K R o SR T RIS T X 1 22 RS R 2, 350583 th o B R Ui AT 4508
TR I B T 3 S v X v [ 4 AR A

5. #F VaR-GARCH =& KRS EIEE XN E 754

AR T SCor A B 1 R IS [E R AR SR B i i ks Uk s I 2, AEAE RO ARG, AR5 M 2 3 Al XU
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Table 3. Quantiles under different confidence levels
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Table 4. Risk value calculation results of two models under different confidence levels
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Figure 5. Comparison of VaR-GARCH model risk value and yield under
different confidence levels
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