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Abstract

This article will explore the relationship between economic growth, environmental pollution, and
energy consumption in Hubei Province by using SO, emission data from 2000 to 2019, per capita
GDP, and per capita crude oil consumption in Hubei Province. By establishing a VECM model and
analyzing the Johansen test and Granger causality test, this study explores the mechanism and
dynamic relationship of the interaction between economic growth, environmental pollution, and
energy consumption in Hubei Province in the time dimension. The research results indicate that
there is a long-term stable cointegration relationship between the economy, environment, and
energy in Hubei Province, and environmental pollution is negatively correlated with the economy,
while positively correlated with energy; Environmental pollution and energy consumption have a
significant impact on the economy. Environmental pollution will inhibit economic development,
while energy consumption will promote economic growth.
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1. 53|

HEN “HIUHE” Lok, REZDELIAEMEF AR 8, KITHEBE L REmHE. (EEPR
PRPENV R R o A FR N [ R ER, EA G RUE R B RIFIRE, R N TR S TR, A
W AAT ML S TS REVR A 7 Ll dide mr, kit — b gt b R, 3R T REVR R ZCR, b RETR
Y5 YL a4, (TS Yere v sk EREMS IS 2 B h] . FET b, A Cuhsldb s 4 pr i K 5 R8s YA RE TR
THAELE R [B] 4 B b (A B R (AL 5 3h 2 0k RBEAT T #R 1
2. Xzt
2.1. EFEEHR

Mirza & Kanwal (2017)%5f# Fl VAR R34 G7 El 5 1961~2013 “EHI%E, KBS Y 5451
K2 BAFAE B R 52 & [1]. Ang (2008)25i 5 i 1960~2000 SEHIAEIRTNFE. PRI YL, BRFRESEEE,
RILAEVETE FEF] GDP 2 [AIfEAE &M WM ML &, 1 GDP S5 REIS T #E A1 — EAb iR HE 2 TR AEAE K56
Fo HIWK, EFHEELHF L KIGI GDP. BEVREFE. BRI ISR R, KRIL=F Z 047155 WA 3
ASmIHLHI[2]. Ramanathan (2005) %5 il %F Fh R AL AERT 17 ANEKWF T, KB —8%EH wEim LR E
M 04 ) 5% 56 R B8 08 IR Bk A U UK [3] . AP E 24 Klistad & Krautkraemer (1993)25\ A, AEREAES
Z K IR 2 (B AFAE SIS RSN, BEJR T FE XS 28 57 3 B L THT S B S 94 355 T 23 Bl 2 THT ) 52001 [ 4]
22. BRFEEMR

E N E IR SRR S A KR =8 2 A8 R 7 KERIWE . 38 (2021) 38 i ot
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1971~2014 4 5 b E R A BEVEE AE AT GDP #uds = F L A R RBATHI T, RI =38 Z [AAFAE Wk
R[5]. XZE(2021) 5N, KRS i 55T Yo 2 MAFIEEAH LG &, WM ne
S YA RIINEG] . HER(2020) 45 AL Sk T I REIRIE 9 . S UTIE KO RIIAEETS e ON AR 5, Gl
3 VAR BRS04 5 36 K AN PR BT Al B 2 1 il A Be RV 2 B BE IN[7] . 25 (2016) 5 N N REVR 5 315
PO T AP, EAR 2T BB IR HE AN A I K R M BB AL A R (R R FE[8]. M4 /B.(2012) S5 AR 4
W [E 1978~2007 £ N34 CO, A¥JHHH . A GDP ##s, it VECM HERIIGIE, KIMAFFHEK 5 REIRTH
FE SR G YL [AIAEAE A K IR 56 2R [9] - B 5 B (2015) 558 i X e [ 29 N0 1 4 B R VR AT A4 1T
13 th 4510 REVR RCE I B = AR BRI G X T SR E LA R E KRR — @R, SFEKE
—EFERE LRI SRRV A R A SGE A B R &, BIREZFFEK. G, 2 EA REMERL0].
JUIRIN(2015) 2500 ok 4 [E Hd (oA 2, R BRI X RE IR 5 400 R B B AUHE, BHECS 257 2L A
K PUESHLIX REVR S A5 RIEAHSC, BHE S @5 AR B B FLEEATR, =& Z X R
WA [11] .

b FIRENAMEE XS GDP. RRIEVHFE. MERIS ML, AT RIS 5T 0 A IR 2 i,
RS R SEE T A G B B F SRR RS R, UL [ X AU R R B3, ARAE 2
G2 AR R A= b S50 AN [ S P AE AN R B RE TR - T5 4 - 3 IM B mifEH . A0 455 mdb s
2000 4E% 2019 4R FI 7] S ¥id, xHIALE PIEETER - 54 - S5 L I RFATHRTT,  FR4h HAH B I
W
3. BRAMBS MR
3.1. WIBRIZES A

9 b B B RE VR A BERUA HIE R JE B 42 77 A SO, M, It 2 e REVR T #E 42 U £ VS e
RRATF R BB YoRIF 2 —, RIEARSGERUHIAE A 2000~2019 41 E < H SO, U /E NI 15 4L
fabr. CLBldb& ANY9 GDP 1E NG KFabr; AN SR Ih i FE RAE N BEIRM AEFR bR . A SO BT B 1 4L
P T SRR, DL R T REAEAE B ST 25 R . (RIS, UG HUE  BdE S A T SR AU B2
. FrASERSSRIET (ERSGE) (Atgit R  ChEBHRZ SR E) .« Sdn
NERIURGE 1):

Table 1. Indicator names, symbols, and dimensions
= 1. EIRER. FSURER

Pk EEE KRR RS
1 A\#3 GDP (jt) Ingdp
2 N3 AL (k) InSO,
3 NE SR FE R (kg) Inyy

32. MIRF*E

#—+#, ADF &k

o 75 B2 5 0] A (R B AT BT AR A B8, o J2 ADF A58, DLW B0 & 754, B LA AR,
VR AR, )5 B 7 B B AT 22 20 Ab B, 2540 I B30 L0 00 1) e B (0 5 00 01 358 O 2 40 I
BT ha .

DOI: 10.12677/ass.2024.131042 308 FESRERTH


https://doi.org/10.12677/ass.2024.131042

7, HTH

B, R

R 7 i, BRTRIEBES DR —EMEIE, X7 7T BRIk
MEANLEZ HRTEAKPTFRCR. WREE LN EEPRBKIPRCR, Hn iz LN E
BRAAEXRAMN, TN ST EEAS . A SCEZ ML 582 [ Johansen 4 .

B0, REBIER

FE AT ARKE I AN D B 56 (O S6 A |, MR EAS IERIAL . 6 AR 2505 IE AR AL SRoAR 56 %A 2% 5 ) 4 1
BeAnwEs T RIPFRRES 2 D, T B IE.

R IERR 2 5

AY =qecm, + nZiniAYl_1 + 4 (1)
i=1

Hor, o R REGERE, ST 5 P9 1) 5 B A MO0 RIS, R ZEAG E TTUAR R B [ ke Ao B R
ecm,, AR EBIED, R T &ML EE KPR, niAY,, =aecm,,, i EREZ IR
SR AR B A Bl 0] DR AR B R AR R, RN R .

00, AR AT

X VECM MY A8 AT, VECM BB B A AR AL I AN T 1, RIZERIK, W REE RS2
REN, RZ, BERGIFE.

$I5, HT VECM HEAT R AR 56

NT PR AR AT GBS PRI FE =38 Z MG R, AT =R AR 8 AT K
52110 Granger PR SR A 56 o

BN, TTES R

I 5 72 53 R LAAS AR R o AR B R AR AR B (RS, AT VP AR Bk i R B, TEN
AERA AR AR B 2 1A AE ELRZ I I G R
4. SBESTHR
4.1. ADF ¥I8

FARER T AR 2 AT A IR 58— 8, ASCRH Eview AR & #EAT ADF #556, ¥
d2Ingdp. d2InSO,. d2Inyy 43514 Ingdp. InSO,. Inyy [ B 2245 WIRAFEAE FAALAR I HIE A TR,

RZ, WPPRE. RAER 2 4528, BATRE BITA AR 2 Fr s, B, T RUAHE P SIA TR,
HEWZ0 G0 sr i, By a8 K st

Table 2. ADF unit root test results (2000~2019)
%% 2. ADF B (1R I8 4558 (2000~2019)

Variable ADF test value 5% Significance level Results
d2Ingd —4.4686 -3.73320 Pz
d2InSO, -7.17076 -1.96281 P
d2inyy -5.005278 —3.759743 Pz

4.2. ThEERIE
BT VECM RELE —Fh & EH AR LERREL, FILTE ADF AR FIEFH BT =M E 2 A
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REAHFWERR. BTEEHEL, Kk, %5 Johansen ThEERELE, A SOK @ R I HI B R 155
PR G52, BRI FEE R S A KN PREOCR . BT Johansen 656 % B i o B 51 1 4
LB, DR S = R AR ) R R DA Ak VAR REAY, DUR e S AR R I L, I R
MrE ik LR, AIC, SC iy “*” Si|RZM—IifE . L RAN VAR BA AR 5 U #in s 3.

Table 3. Determination of lag order of VAR models for InGDP, InSO,, and Inyy
%z 3. Ingdp #0 InSO, #0 Inyy BJ VAR 1RB G EM BFIMTLE R

Lag LogL LR FPE AlC sC HQ
0 ~6.327849 NA 0.000602 1.097394 1.244432 1.112010
1 62.44292 105.1788* 5.46e-07 ~5.934461 ~5.346310 ~5.875997
2 74.73499 14.46127 4.21e-07 ~6.321764 ~5.292500 ~6.219453
3 92.49110 14.62268 2.17e-07* ~7.351894*  -5.881518%*  —7.205736*

R 3 ATLATG H DA SO, A ERAL & [ VAR R ) i (£ 2 S B BT 3 Bir o e T i REAGL IR )i i 4
EE VAR AR/ 1y, DRIERAE A S il o B s, 7T DA E A B R L M AR SR T IS B B 2 B, AR
RGBS I % 4,

Table 4. Johansen characteristic root trace test results for INGDP, InSO,, and Inyy
= 4. Ingdp F1 InSO, 70 Inyy &9 Johansen $FHEMRITE LG 25 R

Null hypothesis Characteristic value Trace statistic 5%Critical value p
None * 0.904582 48.63987 29.79707 0.0001
At most 1 0.399718 8.698568 15.49471 0.3940
At most 2 0.001324 0.022525 3.841466 0.8806

% 4 MR p = 0.0001 < 0.05, 15T 5%HIE KT Fal DR R 0K, R SO, HER & &5 1
KAFEMZ R ZHAE 1 MR R, WS RREIRNRE. IR R 55K 2 A& A i f =2
£
43. RESIEER

ZHTSCIRE, WIALAMEAT - W - BRIRC MIAEE KIRE I B R . B BU It
2000~2019 4F (1) A5 SO, 345525 543 7] 5 N 15 GDP £33 A% 5 A1\ B4 5L i FE RE IR A2 58 by 7t ) i 205 0F
BRY, VECM 12 2 & IE AR R B A0 5 B BB L VAR B e B3 1, bl VECM BB () e 0 I
Mt 2 By VECM flith 45 SR an s 5 fs .

5 SR — o R BT R A, ARE R P RS BT DU 2 AN TR

InSO, =-3.215650Ingdp +12.24057Inyy — 32.45696 )

MK (2)E, FTLLEH SO, 5 GDP HREIEHFE L IAAFAEKIHM G R, Hh KB KX SO, HE )
S R 7 A (-3.21565) 8 11, ULEAZ BN K S SO, HEEILH £ AR K R, JFHEFExT CO2 1Y
HEC ] 9 (12.24057), Ui W BE ISV AR SO, AR R A Bk L 2 EH] -

DOI: 10.12677/ass.2024.131042 310 FESRERTH


https://doi.org/10.12677/ass.2024.131042

7, HTH

Table 5. VECM estimation results for variable groups with SO, as environmental variable
5. LSO, AIMET ST ELE VECM fhitER

HEETE CointEql
InSO, (~1) 1.000000
—3.215650
Ingdp (-1) (0.50287)
[~6.39463]
12.24057
Inyy (~1) (1.62005)
[7.55569]
C —32.45696
REGIE D (InSO,) D (Ingdp) D (Inyy)
—0.312306 0.015318 —0.077476
CointEql (0.05837) (0.01837) (0.02365)
[~5.35004] [0.83407] [~3.27544]
c —0.961672 0.096604 —0.051605
(0.19623) (0.06174) (0.07951)
R? 0.833630 0.510547 0.716005

5 B A MR B IERAL, o eom,, , HIFR AT V5 YHERCS 45K S RER Y RE AR
ZAEIE TR 2507 51 9—0.312306. 0.015318. —0.077476, ki B 17 224& IE 00K 78 45 391 A LA—31.23% ) i 2
JIREX A TG HEBOIATAE I, R Hor AR RS, T 42 5 3 K IR1E 1E 7 B2 5 50 RE VRV FE R 12
EJIEER I 1.5%, —7.7%, W LLE B RN, Xyt ERS P SnE e B A —Em
R, CA%ESE—ER SO, FIRIHAREUR, (HE, TAERIES Y0 FN IC 28 1S R IF ST,
FAEL PR R E. JEHAE VECM B g e, K S5 R IR M AR M AT vk R4 R® 205100
0.833630. 0.510547. 0.716005, LA SO, ¥ VECM BLAL AEUS B4 (NG 3R B35 e - LT K - fE
TR FERIRINZ K R

4.4. AR Rf&3t

VECM L) AR MRAG THE R 1 A0, AR RRAS T A AR BLERAE SO Y, R R SR
ARE e, W] ABEAT 8 T ORIK Granger BRI SR G R R I0 T 22 43 fi# o

4.5, EF VECM #1T Granger B R#&ELE

N T PR B SIS G DL RESRE FE A OC R, AR SCLL SO, MBS S R i) VECM #
RIYk:AT Granger IR R, 45 RA1E 6 Fn.

I 6 ATRAE L £ 5% REFEMKT T, LUK S SO, HEMUA A Granger IR KR, GdfK
FERIABN A RE R EL SO, HEIIAESN; 1E 10%HI R E KPR, BEIRTHAES SO, MR AR R KR,
REVEVH FEAERTIT N I AZ B 22 38 SO, AR S 1 10%1 B2 AT T, REEHFE 5 2 UF K B A Granger
RIRKR, REERIIN RS2 SRR ARS) . X UBALH - Bl - 5 R MAFE1EE —E 1A
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Inverse Roots of AR Characteristic Polynomial
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Figure 1. Root model display of VECM model
B 1. VECM & BRI T /R [E

Table 6. Granger causality test between two variables based on VECM
= 6. T VECM WAL E[8)AY Granger FEIR#36

Null Hypothesis: Obs F-Statistic Prob.
Ingdp does not Granger Cause InSO, 18 4.00446 0.0442
InSO, does not Granger Causelngdp 0.06333 0.9389
Inyydoes not Granger Cause InSO, 18 2.91091 0.0902
InSO, does not Granger Causelnyy 1.75640 0.2113
Inyydoes not Granger Cause Ingdp 18 0.91773 0.4238
Ingdp does not Granger Cause Inyy 2.89991 0.0909
4.6. FEDR

N T RGN AR TP A AR UEZE AR B e HAh AR R, AT I AR e o o R B
ARICHE T oRXE 2000~2019 FERI A Y SO, HEfE . WidbE A1) GDP. AR EFEIT 20 A RIEdR MO
e, BAKGERINE 7,

Table 7. Variance decomposition results of environmental, economic, and energy variables
F=71. R, &5F, giFTENHENRER

Wik vy InSO, Ingdp Inyy
0.000000 100.0000 0.000000
0.048862 97.53870 2.412434
0.181842 94.52946 5.288694
0.551928 92.32938 7.118691
e 1.233877 91.06433 7.701793
LI ICH Ty 220 2131704 90.47647 7.391822
3.101451 90.23638 6.662174
4.051594 90.10496 5.843449
4.952383 89.95580 5.001822
5.810343 89.73322 4.456436
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98.74624 1.253764 0.000000

83.02904 15.12962 1.841335

65.77114 25.77481 8.454048

56.30812 31.15843 12.53344

vy o I\ 50.94751 35.61436 13.43813
WIS U7 2200 47.90902 38.38320 13.70778
46.58106 39.17560 14.24334

46.11916 38.79196 15.08887

4591232 37.91145 16.17623

45.70737 36.87159 17.42104

24.37009 12.59132 63.03859

17.27292 15.48312 67.24396

17.09717 15.40021 67.50262

17.66008 15.35046 66.98945

PRTR— . 17.79332 17.44744 64.75925
REJRIHRERT 77 2207 16.80823 23.02861 60.16316
15.78487 28.69392 55.52121

15.08422 33.27822 51.63756

14.68065 36.84936 48.47000

14.50046 39.69373 45.80582

RAEE 7 M8y, SPFKNITENR, BRATTUEH, SUFHK—IF62 2 [ 50,
SRIG B BRI S0, BERRSE 89.7%, i HAt 1AF B & B K M DTk R B D G, SR K
52 FRBTI5 Y TTHR R 10 5.8%, 2 FIREVRIHFETTIR K1 4.46%, wLLEHK, SUHHK 23 H H TR m
SRR, 2 BIIREEIS Y 52 m A 52 2 REVRTH AR 10 52 LAt/

WRPEZE 7 36 =30, MBEY Z 2R, WATTUE B, W5 R—H G2 | S ikshym ik,
ik 98.74%, Jo KB T MG RN N 45.707%, 224G M ITIA ) 1.26% 3K 5 — 448
N 36.87%, AILAEH, HEHGRZATIMARKR, REASG S REHANR LR, WG IR
575 Y 52 BV RE RSB K 17.4%, Ui B PR BE TS G2 RSV T RESL ALK o

MR 2 7 W dJa—0y, REVRTHFER 7 2250, T CUE H, BRIRVEFE — U652 B & 152y 63.04%,
FHG % H B 45.81%, Z4VFHISM—FUAN 12.59%% i )5 39.69%, 238575 Yeftsemy — - 4h
(1) 24.37%3 14.50%, 7] LUF HREIE IS AESZ L TFRE MUK, AUl o 5 0 ReIE ik 2, ok, RelEJT
URSZABRREER,  JERIBWI/N, X 0] 585 B PR BT R85 G i i A K

I T ZE RS R T LAE Y, MBS e BRI AR Z B A UK M R, 45 52 BI85
T G RN REVRTH AR MR AL/ s A8y e 5 BRIRIH AE RN 28 BF 2 (R ETAFTEAR R B2 K &R

5. &

TN 2000~2019 LG MBS YL BRIRVHRE SRR RS R Z M MR, A SCRILH LA 1)
GF - TG - BRI MAATEE KX R, HAFMK SIS R A2 MG, HEE 35 GEHTH
FEZ MR IEAR . BEEE— D7 VECM [P FibfT Granger RIREGES, ASCRIMATE - 155 - ARl
AFTEE B R R OC R, AR FER ST IG KR A5 Yo B ] R G R, R U KO RR IRV FE 1K H 1
IR R FH T E 0 — DU & G K R a5 Yo LA BB R 5 — e FEE IR )

W FARE, AT 4R

1) WIAEE AU 2 B REIR 515 Y B R, UL K PSR R R, B — e R RN
XU BT b, T AE . B4 RV T FE AR AR 2 SR e R, AL A B RS Y 5 A B K AE EAM I
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KFo
2) Wb 2t SRR WAL B XA BEUL BT TP RO RR, R TR A i Y
I, AEETS G b AT 2 1 & B AR Ok

3) WAL BEUR - FABLZ AR R AT 19 2 RAF IR R, RIS A B2 18] ) 1R AR S B AR B AR B,
RHIAb A REE AR R IE A &, REIR TS R AL b, AR HoRIE 7R 2R

M EIREER AR, WALV LT . RS REIRZ A O U R R SR R T, RAZAREE BIE S3h
Ba BBURASTE, ARG HEE AR HOR, INRGESIBAL & B A P R R R e B s I DRI B (K R £
EUR, IRFREEAIIZR RSP S R TH DAL, R DRk > b 48 28 % ox RER L A Ml AR 4K
W, EASEIIAE - 5F - BRI AR .

E&WE

ASONBEZA R ETE “ 2508 7 & T EASECR T RES 5 P77 (19BGL195) AL
BHETARE R “ L5 R A EM S BER BT Mk ek -

SE
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