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Abstract

In “Dual Carbon” context, as the world’s largest energy consumer and second-largest economy,
China’s coordinated 3E system development is crucial. This study constructs a macro-level 3E sys-
tem index with 1990~2024 data, uses a VAR model for dynamic mechanism analysis, and at the mi-
cro level, develops a causal network to identify key variables through centrality analysis while ex-
amining impulse effects. Findings show energy drives economic-environment changes, environmental
regulations have little economic feedback, energy shocks cause short-term economic negative ad-
justments, and environmental policy impacts lag, with the 10-period response value only rising by
6.7%. At 5% significance, environmental factors are Granger causes for economic and energy sys-
tems. Centrality analysis shows energy consumption per unit of GDP and transportation sector car-
bon intensity are top priorities. Impulse response analysis highlights short-term 3E system effects
on carbon intensity and transportation energy consumption per unit of GDP. Recommendations are
given for enhancing 3E system coordinated development.
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AR, BATS R B SAE LT SEORET USRI SRR Z AR R,
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B (VAR)FIS 2% [0 24 FRAR PR L AE AL B 2 AR B B A8 50 RN R G 52 28 MET7 THI R AURR AR 35, O 70 #T 3E R4t
FIEZE T H. Apergis Z A[11FH PVAR #AE ST 1971~2004 FEHAA] /SAS RS2 E R 1 S AR
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WA 255 b AN [ A Eof BRSO A o« 25 T 7] 55 N F R N8 T 320 L 20 i 1 PR3 [E 3E RGEHT T
[F) R AL o KUZKER[8] 34T 1 v [ RIS 2 B s 1) 23 [A) SR BRI 4 R E A s (R 2R, R T &4 T Al

DOI: 10.12677/5d.2025.1511314 115 CIERESW 3


https://doi.org/10.12677/sd.2025.1511314
http://creativecommons.org/licenses/by/4.0/

FEE &

FEARXT S AOAH ELREMA O 2R 5 2% S5 44 S PR AR 2 HLAE BBk TSR 28 508, S T3 25 1K) 22 ) SRR MR Y 28

BT T VR AT BB R v A3 E 4R T, 3E RGUHEIT IR RS AL . BhaS A4kt 75
MR, STk, ASCRE G VAR B 5 Rk R ST P [ 3E RGN BIENI N5 BRI B At
TR 3E ARG AR RBRIBIA M S A 458, LAY U FIAERE L8 | e 4 SR BT Fr s it
KU IR S 5 RIS -

2. R RS EIRE
2.1. BURRIRSiEIRER

SERG
(Economy, Energy, Environment,3F) SRS B I mHEESE cn
ALHEEREBEEE B12 O ALgRHE ¢ ¢
&%
RISHIEE B13 () Sl GDP “HELFHHE cn
GDP All (+)
S RN CB O
A GDP A2 (1)

FRERHE 4 0

—AEEh BHAGEREHER BI16 O TotHbE €25 ()

iy GDP &3 B2 ()

TlHTIRERE C31 O

REREHESREN B2 O

AN B O

GDP S5z A ¢
( AX5 GDP R A% ()

Figure 1. 3E system index system
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Figure 2. Development trend chart of comprehensive score of 3E subsystems
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Figure 3. Research approach

3. #RBR
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i) & H [ JT#5 7 (Vector Autoregressive Model, VAR) & T 2 N & 2 [AIZN AR A EE T H, Hak
R R RN B I A HE I R N B 5 A A A 8 i 5 DU 2l &, [R]85 o B U R 22
T A A ¢ R G RNLIE), DAl $2 3% 5 A) 1) RH L5 e R J5 RS, 87 738 8 ) ) 46 U 3l R ik S
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2.2.2. Granger E R4

Granger K W28 & — P LT Granger BIRATS . DL 7558 - Fih” X EIRIM 2 B, Hrp «<H7
MM RET LR, “HRG” REBREEEAANTERNEXR. ©EEHTEAMTRAE
BEHMEELWKLR, W RFT R ELALTE. Granger KR4 @ BUPIRUT

(1) € VAR BEAYAT FEEN AL, @ v S AN R 5 B 2500 B2 A5 SR TUMEL, e 4938 58 v DU A /S PR B 4
YERG—Z8, NIEERR IR AR € R AL LA .

(2)3E RGFTH AR Z (83T Granger FIRAEL, UL p<0.05 fEARZEMKT, @it F Lk p E
FIWTAL BB S AAE R E A BRI R Hlan: H2E X B Y W%k p BT 0.05, WFELE R, A

(3) PR X R NAESERE, DL p < 0.05 ENE RN EEHKFRE, T8 X2 Y AR
FZR KRN AL E WL 1, R 0o ZFEREE LT SRR, TER T g A RN

3. SCIES R
3.1. BAIRELE

A R PSR VAR BRI A61F, 5 L AE RS R AL S AT I 0 TN AL B AT A P B, PR 7
ZURMWEENE. % 1 F R P S REIR AN e 5 Fa AR Bl W AR TS, SABTRIR Bos T Ae, R R s brit
1T—Br 25, 4T ADF KRB 200 5 IR A2, 7 510 2 7 AU 2 5%l AT T ) — i i
B, BHATRAFE IR R, X FHIHEAT B R

Table 1. ADF unit root test results
2 1. ADF BRI LER

5 it KR A ADF K51t i Gt
(€ T.K) 1% 5% 10%

HeU X1 (0, 0,0) —4.2271 ~2.6369 ~1.9513 ~1.6107 T

HE X2 0,0, 0) ~2.6585 ~2.6347 ~1.9509 ~1.6109 T

2% X3 0, T, 0) ~4.4759 ~3.6537 ~2.9571 26174 FH

T REEA(C, T, K C O 0 FonANHA W EIL TN 0 Ros A AL K RoaRi& 4.

3.2. EFRME

VAR A v I B 5P R 0 2 SR A HERA PR AT R A5 LR BB . AL LR FPEL AIC, SC
HHQ SEHENRI E VAR BRI G E. 7 Lot UENEBOR FI 8, & “*” mZ M —5
BT JE B B 2 SRR 5 B B FR A5 R TS, VAR BRI S 28 5 B, BB AIC, SC.
HQ HIE )
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Table 2. Optimal lag order of VAR model
3 2. VAR REIR IR M

Lag LogL LR FPE AIC SC HQ
1 182.2285 NA 1.94e-09 —11.54857 —11.12821 —11.41409
2 196.5943 22.98534 1.38e—09 —11.90629 —11.06557 —11.63734
3 203.6898 9.933684 1.63e—09 —11.77932 —10.51824 —11.37589
4 222.6804 22.78868 9.10e—-10 —12.44536 —10.76392 —11.90745
5 247.9038 25.2234" 3.60e-1" -13.5269" -11.4251° -12.8545"

3.3. Johansen HELOTIE

Johansen PMEREG 2 1E VAR SRR EEATHY, HIREZLEREPRLE T RAAERIELR.
H# 3 AIAIZE G R B0 Al i ORI AR R 30 R W] =M & 2 [A] /D AP A 2 MMEOC R . B TR IR 450K b
BTREEEVOE N 2, FER AT AR AL 3, S 245 B AR AL P B T R A

X1,,+1.0507- X3, , =—0.9711 )
X2,,-1.8071-X3,_, =0.1860 ?3)

IR AN T RERAT S B i RE, 88— MR B R BEIR(X 1) S AT (X3)IEARK, KIS T, ReiREEgm
1 847, ZBFE 29 1.05 DML, 38 ZAMERLEOR, MBI(X2) 54 5H(X3) G, HEaEsgn 1 A,
SR TR INZ) 1.81 /N AL 4E R

Table 3. Results of Johansen cointegration test
5% 3. Johansen W EEAGIGLER

Gt E AR JE A % GiitEfH pfE
None 42,5588 0.0010"
G At most 1 16.1658 0.0396™"
At most 2 0.0799 0.7773
None 26.3931 0.0083"
BRFHEES & At most 1 16.0858 0.0255™
At most 2 0.0799 0.7773
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Figure 4. AR feature root test
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e AR B2 B (R P B 2 5 #EAT AR BAATARAGES, 45 ILIE 4. AR AR IOEE/NT 1, s
36 r VR AT B B P, IXER T FTR I VAR B EG R MERIAE R, R RA AR B AR KRR e
IIE KR
34. BE=ARERKE

HH% 4 B 2 AN RAG I 45 T 0, 78 5%I R E KT, p BN 0.2249 KT 0.05, RIACHREIEA Z
RIS granger JEH ;. [FFE, p {E4 0.9261 KT 0.05, INKNEFARINELN) granger JFIK . 7E 1% % &M
KPR, LR N REIRE LG R 78 5%ME E KT R, R4 AR B R REVR AT 2 5%
] granger J&[A o

Table 4. Granger causality test results

F* 4. HERERKELER

JE B % R GiE MM
AEVR AN e L) granger JiR ] 5.673843 0.2249
RERAN SR 4 TF ) granger JR ] 8.577352 0.0726"
LA REUR T granger J5 [ 10.99926 0.0266"
LTI granger JR 0.889017 0.9261
WA BEIRIT granger J5 A 15.59454 0.0036™
IR LT granger J5 A 13.08320 0.0109™

W LT U RMRERAE B E KT 10%. 5% 1% 8K R 22

3.5. BRI R ¥

Reaponse to Cholesky One S.D. (d.f. adjusted) Innovations
95% CI using analytic asymptotic S.E.s

Response of X1 to X1 Innovation Response of X1 to X2 Innovation Response of X1 to X3 Innovation
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Figure 5. Impulse response
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BB Rk o 82 R BB R0 10 359, BUAARSE AN 5 fras . Ak me S R BOR B, BEVE(X )X B &
IS T AR, B B EORTTRE s NI N TE, BEEEE LT, M T EEX
A58, RUIPAEO REIE B WD B EABENE: MafrhdhmNyiain T%, FEwa Lo, wis
DERSRERSEA [ # . PREE(X2)%) Redit ol i SEAIIE %, BEJS#T T, BAS IXAI9E, SRR RETSN AT B
SN/ HAHE ; Xt B S of il T e @fe, HILERIFETTEES; WG MATEE, RIS
BT, RTINS )35 . 257 (X)X REIR T i ST %, B iz T Fae, U8 I RE R 22 5 0
SRS, B R XA SR A N AT %, 2 R BT, SRR e R (8] 1% H A
Xt B St g T E s, A B RIRTRETT.

3.6. HENE

&R T 225, W BAA SARBh 00 VAR R i AR B s AR L, il PP A G R s AR AR
AR AR P TR b, ORFIBIAR RS I B, K 6 BoR, TERBIRXDWEAEMARZ T, 51
SeAz i E & P RIS, BN HREIR R G0 N AR VERFE . BE TG AE K, FRER(X2) R (X3) 5
WZ A L : 25 5 WML DTIR R T &2 12.57% & 51X 6.17%; 2 10 HIFRETRETE 21.71% &35 N 6.71%,
TN BEBOR 5258 KL F SO BE R B M /M A8 7). EAERIE, BRI E S TE
1 1 100% %255 10 # 71.58%, {HbRAEZE SE 17.17%, WIS A & PR .

EWREX2) =, REXDEHSE SRR ERILEES, TTRES A 51.85%F
48.15%, ™I AEURIE SN PRI AR E ). BER [RIHERS, Z20R(X3)sm A R B 10 AT DTk E T
£ 30.83%, AElETTHERFRAERFLE 52.51%, MBI H S TTERFEE 16.66%. X R 25K 55
THFEEIA PR AN (B B2 E T 3R5E, T & 0% 5 B AR AE TR B R A 2 M

LT ERAEE 1 g, B BT 53R R X2) N TSRS 11, TR 5N 75.43%F1 23.98%.
KHIKE, BRIHXD)TTERZE G 1 11 0.58%ERTH 258 10 Wil 45.28%, WA KM 0IKE) 1), w]
DA H BRI A R A PEXT G B AT R ME R DGR E ] . IR B DTk R K IR B AE 24% 54, RHRREL
IRRIBUER A4 % e 598k H b o
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Figure 6. Analysis of variance
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Figure 8. Heat map of the central indicators of energy, economy and environment
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Figure 9. Microscopic impulse response
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