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Abstract

With the continuous development of economy, the energy
consumption of China and the world is increasing, which makes the energy
pressure of China and the world increase sharply, and energy poverty and
other issues become increasingly prominent, which has triggered heated
debate at home and abroad. At present, China's energy consumption is the
first in the world, and its proportion in the world is also the first. All
countries are paying close attention to China's energy consumption in the
future, and it is urgent to improve energy efficiency and reduce energy
consumption.

In order to realize the smooth transition from rapid economic
development to high-quality economic development, the Chinese
government has issued a series of energy-saving policies and formulated a
phased plan. Due to China's vast geographical area, numerous provinces
and different development conditions, in order to ensure the
implementation of the national energy conservation policy in the future and
the completion of the phased objectives, it is necessary to clarify the energy
consumption situation of each province, and rationally allocate the energy
conservation responsibilities and objectives in combination with the energy

consumption contribution and influence of each province. This paper uses
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the multi region input-output model to build China's inter provincial
embodied energy circulation network, which clarifies the energy flow
embodied in the trade of goods and services between provinces, thus
positioning those provinces with large embodied energy consumption and
transfer, so as to scientifically divide energy conservation responsibilities;
Then use the ecological network model to analyze the rising and
environmental meta analysis of China's inter provincial latent energy
circulation network, so as to explore the overall characteristics of the
circulation network and the ecological relationship between node provinces,
and help the coordinated development of the healthy pattern of inter
provincial latent energy; Finally, the QAP (Quadratic Assignment Procedure)

regression model is used to establish the influencing factors model of
China's inter provincial latent energy circulation network, calculate the
influence degree of each factor on the circulation network, and determine
the direction of energy conservation plan implementation. The main
research conclusions are as follows:

(1) It can be seen from the change of embodied energy consumption
that from 2015 to 2017, the consumption center of China's inter provincial
embodied energy gradually shifted to the northern coastal areas, and the
embodied energy consumption in the Yangtze River Delta and Beijing
Tianjin Hebei region was relatively high; In Northeast China, except for the
inefficient and extensive Heilongjiang region, the potential energy of the

other two provinces decreased significantly; In coastal areas, Fujian and
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Hainan have been squeezed by Guangdong and Zhejiang trade, resulting in
low consumption of trade embodied energy; The consumption level of
embodied energy in the northwest and southwest regions is low, while the
neighboring provinces in central China, such as Hunan and Hubei, have
absorbed more embodied energy in trade.

(2) It can be seen from the changes in the import and export value of
embodied energy that the flow of embodied energy in Beijing Tianjin
Hebei region was relatively consistent by 2017, and the net outflow value
of embodied energy decreased significantly; The embodied energy of
Heilongjiang, Chongging, Guangxi, Yunnan, Guangdong, Hainan, Henan,
Shaanxi, Jiangsu, Zhejiang, Hunan, Hubei and Jiangxi has always been in
the state of net outflow, while the embodied energy of Anhui, Shanghai,
Fujian, Shanxi, Inner Mongolia, Sichuan, Guizhou, Jilin, Liaoning and
Northwest China tends to flow in; The embodied energy outflow and
inflow of provinces in the middle reaches of the Yangtze River are
declining.

(3) From the perspective of the center of embodied energy transfer, the
provinces in the middle reaches of the Yangtze River and the Yellow River
occupy a large share in the interaction of embodied energy in domestic
trade, and the value of embodied energy flow is high; The total flow value
and proportion of latent energy in northwest China are low; The value and
proportion of latent energy flow in Beijing Tianjin Hebei region and the

southwest region decreased slightly. The embodied energy outflow value of
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Zhejiang, Guangdong and Jiangsu has always been in the forefront, while
Fujian, Gansu, Hainan, Qinghai and Ningxia have always been in the low
position among the provinces in the embodied energy outflow value. Inner
Mongolia, Shanxi, Hebei, Liaoning and other provinces with rich energy
reserves but economic development in the middle reaches rank higher,
while Ningxia, Qinghai, Hainan and other places have low potential energy
inflow and outflow values.

(4) In the ascending analysis, the system's Average Mutual
Information (AMI) in 2017 is higher than that in 2015, the Total System
Throughput (TST) of the inter-provincial trade embodied energy is
declining, the system diversity (Hg) and the system's ability to resist
external interference changes are both slightly increasing, indicating that
the system's information interaction restrictions and organizational capacity
are becoming higher, the structural constraints are constantly strengthened,
the embodied energy will be more efficient in the inter-provincial
circulation, and the system's ability to experience changes is increasing.
The Assortativity (A) and Capacity for Development of the system (C)
are increasing, while Resilience of the system (R) is decreasing, indicating
that the interference of the external environment on the system is
decreasing. 2015 and 2017 o Relatively high, the overall network is
inclined to an unsustainable state of high efficiency, strong vulnerability.

(5) In the environmental meta-analysis, from the perspective of flux

analysis, the center of flux in the circulation system is biased towards
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Jiangsu, Guangdong, Henan, Hebei and Shandong; Gansu, Ningxia,
Qinghai and Hainan are at the edge of the system, with the flux accounting
for less than 0.5%; From the perspective of utility analysis, the
inter-provincial reciprocity and competition relationship in China's
inter-provincial embodied energy circulation system accounted for a
relatively small proportion in 2015. In 2017, the inter-provincial ecological
relationship in the system only remained the control and controlled
relationship.

(6) According to the QAP regression model established for the
inter-provincial embodied energy circulation network in China, the
differences in economic development level, population size and energy
structure will have a positive impact on the inter-provincial embodied
energy circulation network in China; Geographic distance will have a
negative impact on the embodied energy circulation network between

provinces in China.

Keywords: Embodied energy trade; Input-output; Ecological network

analysis; QAP regression
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RO I At T RE IR Y 9% R AR S5 T o, =Fh B (o B 1 T HER
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112 AREX
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1) WIREFEIRDL REIRITSN R AR L& IR R B & REAB IS AR L . O I8 3+ 1Y
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2T AR A ARBTTU R B R L, MRV S B I EZ T REHbn. FEIRREN 1A FE
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i DS 2R PR AT 1 2 I

XA ERA I X BEURAC B AR ol T B REVRE R AT AN AR RORK
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I R o B KR . AR H AT AR R B R O S ¢ EARRRAE T, X “RRE
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M5 S 2 L BUSE R R /N o 17 I 25 VIR REE 2 R DG U B 77 2 PO 4 Hh D AR AR
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3



DN 2 /1 e e 1e i e 5 BEUL I I 28 A% S S i DR 3 20
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AL, BEITAS 0 B TR R, Al 7R R GEH N B Eh RE 4L F A 2538 112
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HHaEhR R T ASRERAE N S, LERAXN PN EH R RGHARE,
FAEC, BE4r . IR Q200 IO N U 2 5900 R GUR Fe RN 2% . ik
A HIZRGHEBARBCRBAR, RGNS A A T, S 15
I 45 8] e 2 REDRLIE 2R 8 1 P48 S M AL BT R Je . 48 Z TR K 7 e B SR
A BAFEE), SCOUE AR RS T RE RN, FLFRIM A S A 2 R B e i i
RIFR R

35



DN 2 /1 e e 1e i e 5 BEUL I I 28 A% S S i DR 3 20

5 hE & &R & REREME R E RS

5.1 TEIXBKEE

AICIEHN 2015 AEAN 2017 4E K 30 4 (BRPGHIAN) K% REIATIE B 04 A Re
A, T ASCHIRS S BRI B LB 28R AN AT ST Ak 2R Hh DA S| DR B A i
HINT R 2 X Sk A E BT (A R S, 2009), IR I SCH o il R AR
fRIGE B IG T2 8L 52 5 51 187 . Tinbergen (1962) A1 Poyhonen (1963) #x
PR 5 A TR AT E bR 52 G il TERE AL R R S B2 5 A Bl 1 e,
BN ) R R 5 0 RN S S BE B P07 U B, X7 R RIE R, HA
KN R 57 5 A8 B 2 M T X7 G B R S B ER B s[RI R8T 5 5 B Hh R
sEAL 7RI A A, W NER R S B R EE R T BT RE
(Krugman, 1987); %4k, Anderson #1 Wincoop (2003) J&-F/R28 B Qa1 5
RGHEL TR S5 B, N5 5 5 R A SR 1 RS R SR AL, PR
AR S U X AR P SE R R AR X G B AUAE L 48 2 301 18] £ P 2 S R AIE b [X 25
PEES, JHENSN A E N GRS RITEE N ER.

T2 805 IR K e s (A as GDP MBI &) #>, AREn
o RN RESR S IS R 22, R Ehrlich $2 H ) IPAT GRES 414 - N F1- 5 48
-BiAR)HE (Ehrlich, 1971, B BRI LR TR 2 % IR 5L % 7777
AR ER, ARSCOOERE T &8 N DB N 548 [ PR 5 B Er R E = 1
R — o UHTHE — RAEIRIE AL AT ETE, #5048 0 © H B Re U5 L B ) o) L,
HALGA A BEIR I TT R 5 W FE P R PR B A, XS IE R R TH R
Wi STt RE IR 22 To A N, S O n) T BE R T FEAE L IEVEREVRRT R 5RH, H&E
1 T T B TR R B R R I EHRIKF A —, E50 8 0 o) e 2 I BRI e U 35 SR T 11
R eI E, I s P 2 TR B RE A R, R TG, AR R R T FE
B LERAERRIR A AE N sm &4 B N R S S seiiid B MR R —.
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5.2 {Z R

WA QAP [RIABIY R 10y, ot i FE AL B2 2015 4F AN 2017 AF b [ & 45 B & Ae i
AT PR, MR AR R R A M X A P R S AR . A SR T R B
B NI B 22 S R o BRI B B o RE VR RE L B LU 22 R R, 22 AR R Y
W AH AR PR TE LR IR 25 BB R0 25 5, v R 500 o B R 8 i 5 B

xHNZE ER 2, Blx; —x;, HHULET QAP [l VIR, R 704548 Bt o [H 48 1A
BE AU P (RS2 RE B o gl G DR S AR [ T 7= AR S, R B e 3 S T AR AL
ROFR . 3R R R B R IR T 2015 4R 2017 4 [ 45 42 S5 A [ BB PR 4 i 4F
%o fRAERIT:

(1) 23R AT (GDP): R KR 30 2 (BRIUEIN) I [X A= &
fE 2 AR . ARIE S 5] SRR, 25 HUBENT 57 5 O A — Mt IF R B
PRI LM A ST B 22 5 R SR AP s R R 2 —, IR R 1. SRR P25
Xt 48 2 B (B B AL B AR IE s, LRSS BTt

(2) HFHERES (GES): Hdfsfli b [E-KKE 30 & (BRVGFMIAN) I Il 1l ih
. EAOA Patrick (20200, iz A1E [ [H (2021) 25573 BT 7T 1 3R B AT i
PRER B 2 R B G AS, WA R Gy B ARk D s HE JUAE B BR 5 I B
RIE, EERAGIRES) BWAY K, A0 70 R IR 80 R Ik S5 R 1 4k
IMERES VEREWARXS BN, JF BB R S M ERER R R, 3R B By SR K B2
A N BRESE, 2020). ML W A5] o2 E A 57 5 M ERE, A SCE
HhFE PR S AR R 22—, JRPR B 2. MR PR B 20 5 2 IRl B RV @
s AR, B BT

(3) NAFUE (PS): Hdfa i FH v [E KRS 30 4 (BRVEBIAN) N D822 5
HRE . A AN DA N e s 2, g S maRHE Cal B SO
FKAE, 2022), FHEITEE (2022) Xf B i AP E R AT R, A D
RS 22 XoF 388 T Bl A 7 A S 2 E TR B o E DA B HE B 52 1 K] 3% 4 T S e
ZREVRTHFEAUE, ASCEIN U E NS R 3R 2 —, FRR R 3: A AU
2SRt AR 2 R e BE AU B A TR e, BN T BT

(4) BRIESSH (EP): ¥ fli i E ORRS 30 4 (BRVEBIAN) HIBE R I FEE S
bR, A (2018) RHI W BARARIRAZE 1 LLRIERERLE M, F2T QAP
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[ VRS R I B AT ARG TR A E o L 2%t v [ ) = K LS RER Ay SRR
BoR ) B2 s e X AR R RE I . BRZE I (2021 LEMTFTH [RIAE R B 3
b REVRTH AR B R BB R R AL REVRES F, 5o R R R R o, R AE R
bL2XS % A REAE ™ AL AN R IR 52 . 5K 8155 (2023) BT FT4SE R A FEIE
B ARE 5 T M R o L R B n 2 6f b [ e B B BCRE P AR HESAE . R E A TR
Fe & Re Rl SE it _EOR BB B 5, U A SO B REVR G5 A A RE M R 3R 22—,
FFHR B 4. REVRZE I 722 7 20 %8 2 1] B B et & AR AR TR e, HLR2
ANt ETF

5.3 EVAL R

FF UCINET #ctf:, ASCX} 2015 4EF1 2017 4F i [E 45 1] a2 AE I I8 R 28 33 4T
QAP SRR BT, TETHE A, ASCEEEALE E R B0 E N 2000, HILE 3
PR AT 45 5. % 5.1 S 2015 G2 2017 4 H [E 44 TR Ba & e VAt 18 (X 28 521 DR 2% A
RIER,

2 5.1 FEA H & RRIEN A RE RO

2015 2017

GDP 0.032** 0.070
GES -0.243** -0.281**
PS 0.043** 0.048**
EP 0.005** 0.046**

R? 0.140 0.124

R **KIR P<0.05

MF 5.1 PAIFE H, BRI R ERHEUR, A FEIEMH QAP [T
MRy, HASRER AR XEE (20100 7EIAT H ENSEIRIF QAP 521 K 2 4>
B, HAERIERZ A 0.21; B (2014) 7EE ST FLASIE BE S Som I8 25 a4
By, RPECKAA 0.11 KA, T/ MENY 0.05; S AR HFIF (2016) 7EHY
F 22 S 2 B 22 I 2 5 B 5 S TR 3R [l VA RS B, oA I £ B Y R 2

KA 011, WA EBRI A 0.09; FAE (2018) 7EXTH1E 5 74 B H 5K it
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AT FLLRRIR 2% (1) QAP [EIAMHTET, R2Emi{H 0.229. ASCH R SR R AT
BEJZ 30 MG I R AELE S0 P A 05 FAh A8 03 16 52 2 B 2 BB R Am AR 1 5t s
HASCB S50 5 R F M A BN — 5 5 DR A S ER B 7 0
SRR WU AKE R, IR — i MR He SRR T .

MF 5.1 FR R AT AN, ZE R R /KT 2ok Hh [ 4[R]3 BV X 4% 7 A2 1E )
SO, IRAE TR 1o BB 5 5 8 Z MM TR, A RIA 5 K- FZ R K9 K]
REME & T H ARG S SR P i 2R DR A 7= n s R 4% 22 5 1 1 72
5, HEBNAGEEFRROERULZ R E, A H K & ik
SR, R BT IE A8 S k BAE B (A 7= S A e R A 7= 51 B s 8, T
RIBAE Oy T 15 e PR AR 2o B R U 2 AR B AR 7 7 B 5 A8 21 0 55 AR ) i A
IR, DA B 5 S iR sk 2, B & e 4877 S 50 3 2 T I REVE T AR
WAE S HARIG . R B0 [ 4 T Be 2 A i 9 2 7 AR A m) S e, ELEE I Ay
R, Wk 7RG 2. AFT ST E 7 A Ry I, iz kb XK T A6 A4S £E i E Y
R TS, WAEE S EREE AR, kbR, e
X A8y s B AW BT b M BRAL BRI A 2 R — R IR RIS
EVAN T G I AR . VR S TP AT A P R S SRR e (A X (1 BE S A8 L
T, T SRR S RS Re R E b, AR 2 i AT Ak

N FAS E o 5] 25 10) B 25 e @ I 4 7= AR E T s i, FLR e R P R b
BOUE TR 3. NS I K, 2 B R 2 8 B 9 F ok 10 Lk, IUE T
TR it 5 RS RSB S5 B2 4K, XS T 51 5 AR 5 R 2R Ak, DR
B3 IR BB YR FE L S NI I 0 o 7S S I 65 A0 SR PR A AR R IR P o v B R S e
(i bk, MEIASE RAR W, BR IR A 220k o [ 45 A) 55 B It o) 45 7= £ 1E 17
S, ESSUAANT BTE, BOAE TR 40 BERIERESR (H HLBUR A 0, BEIREE A
0, TR G Ed ReIR A R, IXMEAE 28 iR RE AR LT 1]
ShEERe, AR SRR & S L Ay, O S T REARERR IR SN A 2L 7
HEFEINTHEARTE GG L, 125 5 BRI RE T, AN [R) e R 45 44 1 48 1 72
WA S AN S SRR T REIEBASZ G I, DRt R VR 45 A 2 0K,
AR GiniEsE, REaRnshEie.
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AR SCFIF 2 XA BT 5 T 2015 AT 2017 4FHh [ 44 8] B 2 Rt £k
A8 ) P A 25 TN A RSt [ 4 T B 75 R 308 D) 2% B AT AR AAE 20 AT » R EF IR X QAP
RS TR of v ] 41 (1] B 2 Bt d X 2% JEAT S R R T . E LSS W T

(D MEEEREHFERZRMLT RN, H 2015 £ 2 2017 4F, HHA bR fE
PV AR EE o T 1) AL R L X RS, K = A 5 B B X B & REVE FE R s
IR AL X H BRSSO ) S e VL X, LR A B 2 e ORI T B Wi Hb [X
MR, W) R WL S5 R EUE R 5 5 & ReiE A — BRIMK: radb. Fargith
DX [ B 25 BE VA RE/K P ECAG,  ABIT T RE LS A 0 IR T B 22 (R 5E B B

A
il

H¢>

(2) MR AEZR T, AT 2015 4F, 2017 4F UE S
X HIRE & BRI AR BN — B0 R E RS e NP, BORvT, R, T,
M TR R SRR S R BRI RS, Tk . AEE.
P NS DI, SR, S ARSI T MR TR A RN 2017 ARRE, YLIRE
WL RS & R th B s, RIFRSRFRAERESKE S, KL
R R N Re - S WA sl T = AN e [ R R W | SRR
HARES . ZRUBNEABE & REEHIRNIRAS .

(3) MBS RE AL HORE, UL rh i b5 35 T v it X 1) 28 40 7E 1l 9 52 5 e
AR G TR E M, RS RS EUE R BRI . TEAbHIX Y
BE 5 RE S AR RS B A 7 LR AIG s JE3R i X . 7H e b X ) B R I sh B

Fob LLE IS A TR . MBRERem H EE8EERE, WL, TR, LI & Reim
H—HETas, e, il EE. FENTE - EATRE R ES A0
HEAMRAL. MBS BRI N BRI KRG, WEEE . P, LR 745X LY e s fik
i F A AT IR A e B, B TR R S R R
MNEFB K -

(4) £ LTHE M, ERMNRGEREREIE KA, 2017 £/ AMI {HE
w1 2015 4F, K1 S Ea & RS MUEETE T, BRE RGN B8 R G A
HAR )L m, SEMARAB RN, REREEANRBSERENE. RAZH
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ProkfE, 2015 RN 2017 SR [H 45 (B35 REfE M 48 RS a i xSl ARG E
THAERGR, TURBERAR, B R 25 i 171 - 1 203 o 55 R AN T BEIRES

(5) LTt WEESIORE, MERSG P EEE W TR |
R EG L WAERA AR Hl . TR FilEMEEUANE LT RG0E%, dE
B HARAE 0.5% LN s WU RE, 2 2017 55 [F 45 W) B2 & REiIE R gt X
TR SRR, HIE HIZ ARG MNERAERECEREBIR, RGNS A
B EAE AN LA, BHAS T rP [ 4 R FR s Rl R S W 28 af F DAk ST R JE

(6 15X H [ 48 [A] e 7 REJALIE I 2% £ 7. QAP [RIARE B AT S, 2855 K K-
N RIS | REE G P 8 2 Xk v A ) By RE I X 2% 7 A A [l i, ELAS W BT
bR B R 20 v [ 4 TR B REVRLIE I 4 7 A D el o, ELAS BT

6.2 il
ST DA 6, AR ] B oy R B B (e LR SR DA T
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(1 i P7 SLRRFEAth J XIRA BrBUR AN R, %8 2 I 5. 3R
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M BE R RIE TR A P e I s e, FRE RERIR AR RS o i TE X
148 03 M 2 I G B & BB A IO, SH 1 50 R AR A B (KW A 55
S HT AR RETUEAE — € AR N EE 7 [ Py X sk a] ) AN T e e, DR S
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(2) PHRE PHAL RS SR im] iy e X 45 2T B RER b o 78l iz 3 [X AL
MR G < BETERBCRL P b K, i B TR b DX A TR 5 5 BRI S SRR
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Bf3%
2015 S 2017 S EH B H K8 & BRIHFER KR A
2015 4= 2017 4

b e FE R i A bRV FE R i e
Jent 7525.11 5532.94 6710.95 3886.87
R 6440.91 2516.13 4137.93 973.59
b 6445.14 -5906.32 8715.37 -2998.13
1 7 4126.82 -5086.63 3089.97 -12098.04
R 4854.38 -9906.25 3805.22 -6818.69
L7 5632.27 -7472.91 4712.38 -9068.77
K 5777.66 2027.62 4702.07 -3116.08
BT 5469.78 -82.19 7991.42 1450.76
it 6062.73 1182.54 4380.84 -680.56
75 11951.95 -238.26 12039.06 2570.78
WHT 14605.02 7301.53 15223.71 10528.41
2 8397.17 -3878.05 5469.74 -620.19
Gizyei 2953.39 -310.96 2240.33 -1955.34
AN 3702.54 179.89 4883.69 797.60
7R 5632.58 -4355.04 6158.75 -4137.85
TIEE 12253.50 1436.40 15064.78 4683.19
il 6420.72 3583.24 4513.06 1434.03
i) 6958.65 -1722.85 6905.38 3144.48
7R 13786.68 8512.74 15501.94 7653.64
i 4900.61 1558.21 4588.25 48.04
biaa] 1900.87 1345.71 1283.71 221.97
HER 9687.66 7337.32 6267.76 2075.58
g 4616.21 -1107.54 4663.33 -713.81
BN 3490.28 -513.51 4996.43 -387.83
P 7348.09 2482.70 7116.90 4598.35
i 7028.07 1555.76 8645.93 1874.71

50



DN 2 /1 e e 1e o [ B BEVLIE 19X 2% 42 S5 B ER R o W

s

2015 4F 2017 4F
Fa & RevH FER A Fa & ReTH FE= Him e
Hl 2429.39 -1160.39 1865.50 -1664.70
Hi 898.22 -1249.82 864.40 54.84
TH 853.91 -1782.29 2229.84 -903.86
i 4716.87 -1779.70 5332.67 -832.99

2015 4EM 2017 FHESE RS REBEE S

FHEE N
2015 4F 2017 4 2015 4F 2017 4
75 0.102 0.115 Bk 7 0.023 0.025
7R 0.096 0.111 Bl 0.021 0.023
R 0.086 0.105 i 0.020 0.022
WL 0.075 0.078 HIR 0.019 0.021
HIER 0.064 0.075 b 0.017 0.019
2 0.060 0.053 i 0.015 0.016
bilEa] 0.058 0.037 R 0.015 0.015
Ak 0.053 0.036 =L 0.014 0.013
Vi) 0.050 0.036 M 0.011 0.011
U 0.048 0.034 e 0.010 0.010
e 0.035 0.033 VAN 0.009 0.009
g 0.032 0.031 Gizye 0.008 0.009
boie[e 0.026 0.027 HW 0.006 0.005
L7 0.024 0.027 il 0.001 0.004
tEaea) 0.001 0.001 THE 0.001 0.001
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