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Structure and driving factors of spatial correlation network of agricultural car-
bon emission efficiency in China
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(1. College of Economics and Management, Northeast Forestry University, Harbin 150040, China; 2. College of Business, Yangzhou Uni-
versity, Yangzhou 225009, China)

Abstract: The study of agricultural carbon emission efficiency is important for the realization of agricultural carbon peak and carbon
neutrality goals. There is a lack of studies on agricultural carbon emission efficiency based on relational data and network perspect-
ives. These limitations restrict the development of regional agricultural collaborative emissions reduction activities. Therefore, based
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on relational data and network perspective, taking the development of the agricultural carbon emission efficiency of 31 provinces (cit-
ies and autonomous regions) from 2010 to 2019 as the research subject, the study used the SBM-Undesirable model to measure the ef-
ficiency of agricultural carbon emissions, constructed a modified gravity matrix of spatial correlation network of agricultural carbon
emission efficiency, analyzed the structural characteristics of the spatial correlation network by applying the social network analysis
method, and finally explored the driving factors through a quadratic assignment procedure (QAP) model. There are several main find-
ings. First, despite the wide disparity across the 31 provinces (cities, autonomous regions) in China, agricultural carbon emission effi-
ciency increased rapidly, from 0.400 to 0.756, increasing 88.8% with a creation room for improvement. Second, the network relev-
ance of agricultural carbon emission efficiency in the provinces (cities, autonomous regions) was enhanced. For the spatial correla-
tion networks of agricultural carbon emission efficiency in the 31 provinces (cities, autonomous regions) of China, the number of net-
work relations increased from 121 to 211, and the network density increased from 0.130 to 0.227, while network ranking declined
from 0.458 to 0.293, followed by network efficiency, which declined from 0.837 to 0.692. In addition, the spatial correlation network
of agricultural carbon emission efficiency among the 31 provinces (cities, autonomous regions) had formed multiple network centers
that played an important role in controlling agricultural carbon emission efficiency. Overall, the eastern coastal areas were the main
destinations for cyberspace space-related spillover of agricultural carbon emission efficiency in 31 provinces (cities and autonomous
regions) in China. Third, the transport-level difference, resident income difference, difference in the output value of the first industry
and information-level difference had an important impact on the formation of a spatial correlation network of agricultural carbon
emission efficiency in China. Finally, the study findings demonstrated that the differences in transportation level and the output value
of the primary industry significantly promoted spatial correlation network development. Similarly, it was found that per capita in-
come, information level, and spatial distance also emphasized spatial correlation network formation. Based on the research conclu-
sions, we proposed some suggestions for enhancing the spatial correlation of agricultural carbon emission efficiency, such as emphas-
izing the development of inter-regional coordinated emission reduction activities and differences of various provinces (cities and
autonomous regions) in spatially related networks, making full use of driving factors strengthening the connection between the agri-
cultural product market and organizations, and enhancing the information and transportation network support.

Keywords: Agricultural carbon emission efficiency; Spatial correlation network; Carbon peak; Carbon neutral; Low carbon agricul-

ture

Tk 2 UM HE T 36 G ) 4 RS 1 1) el 2 28 7™ T
JEH NS 0 HE A RN A B, BRI E 8 A i 5
R, B EAE 2021 4 CBUN TR )

FENTRAOL B HERORCR AT T IRABESE, X
SEAfF T B AR AO AR HEBCECR ST . ARk
HERAR MG | A BRACR I R b 4K

rh At 4 L E 2030 AR T BRHE R AT B T B8, R
M 7 [ X e R s ] A R S U, AR B 0%
[) RIXGE T o AT R S A B, BRI | R
rhR E A S B 04 F B AE T B HE U L TR A
T AN R HE O TR UR, B B ST A A
b A 7 1 A B HE RS 4 BRI AR 0 A TR Ok
PR Al 3% ShHER A — SRR (CO,) B BN
TSR 21%~25%". 20 {122 90 4EAR L3k, H[E
AR B HE B A 2 B K S R, R IR SR E R
PHE B A7 R = AR HE R Y 17%, [ Bl
1 30 B 2 F e (CH,) Fil— 4804 — & (N,0) HEk i 3=
FERRC W] L, A b A HE TR H R HE R A% O
VOB Z —, rhvE e ik i L i rb R B B A S B 20
JE T AL B HE R, IR A RIS it 4 20 4 b B Uk
He o BIFFEHE AR M HE TR 1) B2 T S A oMb A s HE
SIEH Y EE RS, T S AR Ml A B Y ) B AR
T Rk, SRR B HE R AT ST, Al
WCHE B LA 2O R, SR TR R Bk e L Al b R H A S
PRI ER AR

ME s HE RO 28 (8] 2 R BT A5 . A i HE AR
FABE A&k T, Al Btk HE IR 2 e R 5 AN EER N
ST AT, # BT IR B 0 fe A ik HE S S
PrHE L 2 H U, A 2 2N R A 5 HE RSCR il S
TR HE LA AR B AR A= 7= FOKEY T G 1 W il
WA, LR 2K A Ml e HE FRCAE A Al A 7= 1% 3l 1
PSR P 0 AT % i, DL AR i HEOGX — AR 2
WIEH MR A S ES BT RATTH R, K
b B HE AR R R, AR AR Rk AT B Y
25 5 O (R R B A R ik HE IR /L, B R R IX
AV AR A & JE o A b e HE TSR R A i AR 5 ok
B, % #A1EE# it DEA-Malmquist #6%("""". SBM-
Undesirable 55 1 7" 284850 7810 71 5 0 b T 6 4 M B HE
RCRIEAT 53 AT, WA 38 3 WF 50K Al e HE ik it
S HbIX Al GDP i#E4 7 b Ass DA B 1 DX A b e HE K
RS S BRI g dE TR A Ll B HE 255 SR e L 34
K H, (AN [ b X ] AE 7 25 55 o iAok e HE gk
B R R E, = H A ™ Mk 254
WHBCSZ AR TR . ARHEME R . Ak FR S | Bk

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

55 4 3]

(TIPS R VA2 3 & € S EIPRU B DA I S ER T 545

BULACE . ABEA . A AURAL R | T HUEESE
Z R PR F A B R I S A HEAT T R
A B HE R =S [ R T, 28 AU A
b HE TR A A 3 DX 8] 04 3 A B S0 2R AT T,
S — AP A Ml B HE TR R A 2 [ i 28O0 L = ]
KIREFRIEAT T 4B, B g 2 R4 1 3R A
i HIE A0 R A7 A A 1) 23 8] 0, xRl e HE T
BRI 3BT AN 2475 JEAS M DX B0, 3 B 24 o —
WA KR

R R HE TR AR AT 5 9 1 A b B HE T )
AR DRI 1A AR SO, BT BOR A AR A
{E NS BRI SC, Iy AR SCAR M Bk T80 B B2 T
W AR RFRME T 2% 1A, BEE X
R Tt (TR, AR B HE T 803 28 [ 6 &R 4
14 (L2 7 2 A, X SEATF 5 R O P R R 1 IX
SRA BR IR BRI T E RS

(B2, Bt DX B A 25 o s B E — 20 R AL
LAl W2 A5 B 2% B0 U S, s IXCTR] 55 3l
B BOR LA™ i AFZE R s b, i DX lE ™
ST T PR A T DGR OC R B AR T H FAR
PR, T s 18] DG HR M 46 o Bk HE AT A2 22 5%
Bl ), JHE 2 8] 00 ) A R B T e P 408 0T
S, 2 [ BRI ) DI I 26 Rl i HE i
AR g i HE T 14 AR B, A AT 2 B S ] R 45
fIE™, FEM 2T, RO BRI 43 ) 56 R
FEALRL G ik — 2D TR, DR B X S b 2 e T ARl
B HE ORI O - BT R, AT Sy DX 38 03 30
J R AN BRIEHETG SR UL 24 i 8 T . BARELA
B B e A Ml B RO 25 [ 6 R AT TR
F, XS TR OB B0 2 T ik RO L S T O B
KRBT T 5307, (SR X W SEAT A A — LR PR —
75 10 BUAT B TEAN 7% PRl 3L I (7 &8 3 i< 40872 [l
ROE, B Z BN, R 75 TE AR AR I H X AT RE X ARl
BIRHE TR AR 7 LR RS 5 — 7 1T, B A B HETiL
ROCRWTTE 22 26T WA 10y B 1 o ) Jas M 5l e T
A IR T RPN B 24 ) Z TR AR L R Y
KA AT IRR , X AL AT BUA O 52 Mk LUl Al 5
FIETHOR R 23 (1] IR 190 245 14 B8 A ) 45 45 A A 2247 %1
I 111 2 K X T R B B MR R, X T
(] IR BIF 0 AT S B, 3k 2 S KR ) 47 7 S
T DB B HE ORI, SR 2 T Xk
b B3 17 D HE 35 2l 1) T JR, AN T R k0 L gk
I HARE S B

N, A S B BIF ST R, AR SO T O AR K A

WL RS, DL 2010—2019 4F P [E 31448 (. AR
DX) Al Bl HE 803 A SR B R F S X 5 (it .
7L V5 A5 L DX AR & A DA AR B R 25 57, ik
RINABEFERTG), LRSI B ) SBM 5 (SBM-
Undesirable #5574 I B A b ik HECRCR, F FHAE 20
5| AR A AR M A HE TR s ] DRI N 2% 5 | 3
R, I FH AL 2 I 48 3 A ik Jglt 25 ] DG 36K IR 2% 114 45 4
HESEAT 4347, e Jm il 3 QAP A% 7 (Quadratic Assign-
ment Procedure FAY) 5K 2 I R TR E, LI X
S Al i [ sl HE 3% 30 B AL 225 TSR, Bl ) b L sk
KU R AT E AR SEEL . AT B Al B HE K
BT, ABFFEIEHL T LU UH: 1) 2 T 5 R E i
D) 2 L 71 55 i 1 R Ml Al HE TSORI 238 25 ] DGR ) 288 R A1
HEAT 53 AT, A v AR M e HE s R AIE 5E TT HR Y B
SERA; 2) G A TR EE ™ th SBM ALY | 5| Tk
A AR Mg . QAP LAY, SEBL T HrE R
WRHR BRI T i

1 MRTFE BIRFRIR

1.1 RAFRHEB RN E 75 3%
1.1.1 JEHAZE~ 4 SBM R E!

S SCH) FH AR 9 B 77 Y SBME AR Y St Al B HE ik
AR YEATINEE , iZ AR i Tone 7E 2001 4E 48 7, 1
A A HETBCRCR I B AR 2 T iz T T
AT 2 2 SN, R X S SR HEA T TR A

e

1.1.2 R ERHEB R EN = s FR IR R

AR SO S mr ABRSE, A E 31 AN (. A
16 D) LV BRHEFSCR AT A AR R (R Do %
FebRAR ZoBe AR A = TG S e Ko sh .
fRRE . A2l AR R HUIREN Iy . Al VE I 4 1]
FAE M BEATEAR, B A B AR A W B = S AR,
KA 3% B0 T 18 B B HEOE R AR AR = i FR AT

Hodr gl Mol A B3 BB S 5T R, R
NSl Mol A Bl GDP/AR AR i L. GDP
PR, RV 13 T 32252550k [29-30],
8 TR Y CH, HE, A6 AE AT - HE 5L (Y NLO
G AR - HE L AAE L A2 L AR LA RN AR Y E TR
JIE =AY CO, HERL, AL SS9 NLO HEBUR F 444
(M. AR Wit HEIEmE &R EEGTE . &%
SCHik [29-31] A, 72 S5 AHC L R UG, A SCHe e
1025 AR A 7= AR B T P AR R SR, AR R AT
SEARM IR SRR A5 T B I 7 AR B CO, 9 ARRHETL
. EIFER, 2% S0k [30] 0 ¥k, % CH,.

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

546 o A ARl 2 (PP 0) 2022

%30 %

R 1 RAERHBEIRGN-F HEfRiE &

Table 1 Input-output indexes system of agricultural carbon emission efficiency
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Table 2 Classification of agricultural carbon emission efficiency plate attributes in the block model
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Table 3  Agricultural carbon emission efficiency in 31 provinces (cities, autonomous regions) of China from 2010-2019

HiIX Area 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
R4 Anhui 0.250 0.264 0.284 0.289 0.307 0.324 0.340 0.366 0.380 0.402
Jt5T Beijing 0.591 0.639 0.630 0.712 0.722 0.885 1.000 1.000 0.777 0.822
fi# Fujian 0.522 0.548 0.573 0.579 0.604 0.643 0.721 0.822 0.903 1.000
HJK Chongqing 0.395 0.424 0.459 0.498 0.527 0.568 0.629 0.674 0.705 0.797
it Gansu 0.285 0.290 0.306 0.312 0.321 0.337 0.390 0.465 0.536 0.655
J” 7R Guangdong 0.516 0.545 0.562 0.587 0.616 0.639 0.696 0.766 0.898 1.000
J" P4 Guangxi 0.359 0.392 0.430 0.447 0.475 0.503 0.525 0.571 0.639 0.723
St Guizhou 0.200 0.163 0.215 0.318 0.353 0.388 0.462 0.523 0.648 1.000
% Hainan 0.586 0.589 0.602 0.628 0.647 0.677 0.745 0.787 1.000 1.000
A4t Hebei 0.416 0.439 0.453 0.470 0.486 0.507 0.552 0.614 0.703 0.776
i[5 Henan 0.378 0.407 0.424 0.449 0.465 0.501 0.553 0.607 0.664 0.753
FEJEVT Heilongjiang 0.315 0.319 0.315 0.321 0.338 0.359 0.370 0.381 0.404 0.465
11t Hubei 0.378 0.409 0.430 0.456 0.477 0.515 0.573 0.638 0.714 1.000
174 Hunan 0.386 0.420 0.413 0.416 0.436 0.468 0.498 0.534 0.578 0.653
Ak Jilin 0.329 0.338 0.342 0.371 0.379 0.386 0.419 0.460 0.489 0.556
YLJ5 Jiangsu 0.454 0.479 0.502 0.526 0.551 0.583 0.596 0.630 0.655 0.700
VLPY Jiangxi 0.252 0.264 0.266 0.302 0.312 0.325 0.349 0.375 0.414 0.462
iI7* Liaoning 0.400 0.454 0.471 0.519 0.522 0.597 0.569 0.608 0.636 0.717
N5E1l Inner Mongolia 0.291 0.317 0.316 0.336 0.329 0.338 0.349 0.351 0.377 0.395
T & Ningxia 0.309 0.324 0.353 0.367 0.398 0.422 0.467 0.508 0.556 0.591
HifE Qinghai 0.391 0.408 0.442 0.529 0.591 0.543 0.616 0.680 0.758 1.000
117K Shandong 0.401 0.425 0.440 0.475 0.505 0.543 0.598 0.667 0.743 0.822
1174 Shanxi 0.277 0.302 0.319 0.331 0.346 0.352 0.396 0.461 0.486 0.517
PP Shaanxi 0.458 0.515 0.541 0.586 0.643 0.697 0.771 0.823 0.865 1.000
[-¥% Shanghai 1.000 1.000 1.000 0.878 1.000 0.747 0.642 0.743 1.000 1.000
)1 Sichuan 0.468 0.503 0.532 0.559 0.586 0.607 0.715 0.764 0.863 1.000
KH: Tianjin 0.415 0.453 0.466 0.510 0.542 0.602 0.680 0.826 0.910 1.000
Faj Tibet 0.155 0.159 0.029 0.171 0.188 0.192 0.191 0.129 0.146 0.170
B Xinjiang 0.576 0.592 0.603 0.592 0.535 0.604 0.650 0.746 0.872 1.000
Z M Yunnan 0.180 0.195 1.000 0.217 0.233 0.261 0.287 0.326 0.382 0.455
WiT. Zhejiang 0.483 0.500 0.497 0.506 0.535 0.564 0.654 0.745 0.846 1.000
YJ{H Mean 0.400 0.422 0.459 0.460 0.483 0.506 0.549 0.600 0.663 0.756

RN 2 T AR M B HE R 1 1 e A T B AR
i TRUF OO SE B AR S T2, R,
TIPS, VUL, NEEh . Zm AR (1. BIRX) ik
ME AR HEECRAE 2019 AEABK T 0.500, HA g . A
Sty TR PO HoR O A = T sh A, Bz B A SR
PRI ) 249 T 5 A 28 U 7 S A R, T
= AT RS2 32 Bl B R i 245 BIETTAE BAR A
A B R R IR 1 58 DL G A b, (R Ol A
5% BN FER KA . BRIk LT, RS X A,
T 31N (T, BRI ROl B HE R 1R THL
K, AR — & B4R T A8, AN (. HIRX) [H
FEAERE K TR

3 hERIARHER 2 8 KR LA AT
PArbE 31404 (1. BRI Aoll i HE 80

(3 3) 1 Ay 2 ) SR B 1y JE b BB, 45 & A X
(D) MBS A EhE 31 (. BIAX)
Al B HE TR R 23 1) S Bk —(E 4 B (GL), i Je .
F12 W25 T H Ucinet #44HI7EH E 31 44 (11
F A X)) ARl B HE O 14 23 (B X 45 34 B JF R4 T
25 [A] P28 254 43 B o BFSE L 2010 4F . 2013 48 |
2016 4. 2019 4F 4 MEG AR TEG SRR (K 1),
ATRUE P E 31 A (1T BRI ROl Bk HE AL
RS T AL SRy 4 () My BE AR 3 s R 1, X 4%
HOA ST A, B AR S B 5 2% 0 25 (] DG HR I 48 R AIE
300 Rl B HE S 2R 75 18] 5k B P 4% B AR AFAE 3 4

FIF Ucinet 6.0 #/F, 115845 5] 2010—2019 4+
3L (. AR X)) Al ik HF ik 383 =5 8] IR
W 26 BEARFFIEFE AR ( 4)
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1 2010—2019 e E 31 M4 (. BIARX) R E = 8 W &R HNE
Topologies of agricultural carbon emission efficiency in 31 provinces (cities, autonomous regions) of China from 2010 to
2019

Fig. 1

A28 B b s C AR D PG B HlG B )& G ST He SN 1 W 0 T K Y Ee ; L BB ARV M: 3G N: g O: bk Pr VLI Q:
VEPE R 3L 75 S: NS T TR U 351 Ve DA, We I8 Xe BRPE; Yo b Z: UL B Rt o THIEG; A BT 88, y: =~/ 0: #iVl. A: Anhui;
B: Beijing; C: Fujian; D: Chongqing; E: Gansu; F: Guangdong; G: Guangxi; H: Guizhou; I: Hainan; J: Hebei; K: Henan; L: Heilongjiang; M: Hubei; N: Hunan;

O: Jilin; P: Jiangsu; Q: Jiangxi; R: Liaoning; S: Inner Mongolia; T: Ningxia; U: Qinghai; V: Shandong; W: Shanxi; X: Shaanxi: Y: Shanghai; Z: Sichuan;

B: Tianjin; a: Tibet; A: Xinjiang; y: Yunnan; 0: Zhejiang.

R4 20102019 FHE 31 N (1, BIERX) R BRHIRBEIER = 8] KA B R AR

Table 4 Overall characteristic indexes of spatial correlation network in 31 provinces (cities, autonomous regions) of China from

2010-2019

Tl TEEEET TET TEES, TEEZT e
Year Number of network relationships Network density Network correlation Network rank Network efficiency
2010 121 0.130 1 0.458 0.837
2011 128 0.138 1 0.501 0.825
2012 161 0.173 1 0.506 0.766
2013 182 0.196 1 0.125 0.743
2014 172 0.185 1 0.425 0.745
2015 203 0.218 1 0.181 0.708
2016 229 0.246 1 0.377 0.651
2017 213 0.229 1 0.234 0.685
2018 221 0.238 1 0.181 0.690
2019 211 0.227 1 0.293 0.692

MR 4TI, thE 314N (. HIRIX) Rk ik
HE TIOR3 235 (] DG I 19 26 11 Do) 6% G 3R B s B0k 3 - Tt
H S, 2010 4F /Y 121 4> EFHE 2019 4E 1 211 4,
BT 74.4%, Horb femiE oy 2016 4509 229 4>
W2 5% B o, LRI SR BN 3l b T #s, A 2010
AR 0.130 EFFHE 0.227, 2T 74.6%, b EEH N
2016 4E 1 0.246., AR 8 R 4% 5 22 BORN ) 2% % JiF 1) 738

FE AT, 2010—2019 4E[H H E 31 A48 (. AIARIX)
A M A5 HE TRO503R 255 1] S I ) 2% 1) SC IR o J3E 4 T, 4%
A (. BRI ARl e HE BSR4 AH BAE 75 2]
i, IR, —FHif s TELZENTss
e, {575 A ol Az 7= 258 R e AE A 4 [ Y A
FIEEERE; 57— J7 i, P EZGE MY . 5 E M m
MR, Wit — 2 &4 (. BIRX) B
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ARYH, RN TFE T 578 | A B 58 40 R 55 15 sl
BET SRR, SR T AA (1L AR ) Rl AR A
[i) By G R, SRy Al e HE ik 3% 28 25 ] DG ¢ &R B
RCHRAIL T R B LA, FE3X 10 4[], KIT &5 . &
VB RV X AR DX A R e 1 S, bR T X R
TR A R, ol 4 S A R R LR
TSR T S SRR BUR, TERFSE X RN
3UAME (. HIAX) LML BRHEBURCER 25 (8] 1K W 4%
ST SE L ¢k NE PN 5 Py PO
EOC R BVEL 930 4> (31x30), 1A B R 2EHE, it rh
] A M At HE TR0 23 0] ORI 06 R A 4 H R 4 7
25 [A]

i 2 4 AT, 2010—2019 4E ] FR [ 31 44 (1.
FI IR D) AR M Bt HE T 280238 25 ] DGR I £6% 1) 0 2% O 1k
AL BoR b E&A (. AIRIX) B ALk
M B HE R 2 T TR N 265 22 o, R I 5 — 4% ] 5%
K o 2% 1 T 2 5 p R i, #4548 (T . HARIX) B4Rl
T HE R R S T A L 4, Rl B HE ORI I 2
I i HH 00 T8 R T, AN Ry BR T 41 30 9 L. gk
W26 SR AT, P E 314 (T, FIRIX) ol ik
HE AL e 225 [] S I06 I 45 1) I 4% 45 20 38 Ui sh A8 K, 1
2010 4E 11 0.458 T F& % 2019 4E11 0.293, T [% 36.0%,
Horp B s 2012 4E 69 0.506, B AIAE K 2015 4E il
2018 4F 11 0.181, B AR 2 BE Y N REta S, il b
3UANE (. BIA X)) ARl Bl HE 0k % 25 ] S Bk
IRH) 25 PN 505 R 7 1) S5 G 245 K B A, T B X — E AR 1Y
R, &4 (M. AR X)) AR Bk HE R 8] 9 AH AL
R AW R g, RIHF R EAET Y. &
M. R BUREFEREZW T, R ik HE B RCR
AR BIARNZT B T . BE4r . Al B AR5 K ZH A5 LILE
S ERE B N S PR R, ST &8 (. AR
X)) Tl i HE O R 25 06 . Bk MR RCR N =,
3UAME (T, AR X)) AL BRHEBUECR 23 (8] SCHK N 45
1) I 28 230 e R 2 R B R #, F 2010 4FE Y 0.837 F
F% 2 2019 4F 14 0.692, T F# 17.3%, K HE 31 14
(T . H A X)) 4Rl ik HE il 2% 28 ) 56 Bk W) 4%
MFeE M B aR, RN g2 FRZEA S
Uk R PR M s, A8 (T AR IX) Rk
e HE O3 RR 1] 1) SC I 56 R R BT 1 22, 4% 1 5[] S 1B
LRGSR 2% R %, T SRR e Tt .
3.2 ARl B HE 3 2R 7S 18] Sk Bk ) 4% A 1R 45 A 4FAE

FIH Ucinet 6.0 %1 14 1+ 5545 F) 2019 4F 1 [ 31
A (L HIAR ) R HEHURCR 25 18] I ) 2844
SERIFFIETE RS (K 5).

H % 5 AT AL 2019 AR E 3148 (. HIRIX)
A Ml i HE T3 36 45 Tv) KB Do) 46 114 o535 v BE S5 (E
35269, Hrdvnt, fwg. Hol. SN, b, .
Wve ., BEVE . L. RHE. WVLAE 1144 (.
H A D) B SR e BE v T A, R Ay (.
AR IX) P E 3144 (T, HIR X)) Rl i ek
AR5 ] JCHR W 26 AR AR (T HARIX) B8 4%
VT g AL, 5 HAR T S (. ARIX) BB
MEMERR, XL (. FHIR X)X TR AR M 2 1
W S KR E CHAER . Hrdbnr . .
Lo, Lifg . R, WLEA T e FREMAEE L
TR b DX, 33X S b XN R e, 8 UF R A, B
A A A 2238 P 2%, 31X (745 HRE A% i i Rk F R
A% kBT e wT . Wefolk 55 3 7 4 Ty SO
s (. BIRX) Rl &5 = th = AR EE )
Hb, X X TN HB AR B AR &, A
s 110 L 2 b DX, LR T BT £ 3 9% 2T 15t
S HAb A (. AR IX) BRI A 7= 48 7 A B 1)
AR T R A W25 0 NN ] B e [ g o 2
/G = 7 AN | N i B i = Y
FLAG 25 T H b B B, G H A ARk P AL T 3R = P A
WA (. BIAX) By R A E, S AL TP R A
(M. AWK B E, WA T rhasiE g (.
H A X)) e o & 1788 R E S s NS
TR . BRPG . WAESEA (M. BIRX), i sesy
(M. ABRRX) AR BIsCHE S5 EME 5M0A
(M. BIRX) B R W 223U, P 45 i) R
(RS R R S R 35 I L e SRR VA W 2 4 s | 0
TLOh . g K WV T A A BRI
o R, S A R4 2 AR T2 R, b
Tz R

Hi ¢ 5 AT, 2019 4R P 3144 (T, HYAIX)
Al i HE T 3K 5 5[] S I £ 198 422 30 v O BE 340
25.802, Hodbmt. fma . HoN . S IR, F
WELIPE . B KRB, WL 10D (. AR
X)) A3 o B e T ME, B s (. HYR
X) g5 HAMA (. AiRK) =SS ESCH . H,
Jent. fEE . VLR, B R, WRILAL T AR
X, &3 kb, (7 BEAR G, HASEEEH, WA 4.
P EA | A7 B R TR S AT L YT
B U, TR (. BRIX) BB 5 H A4
(M. AR B = A2 B Ok, Hil . St 7
g LY A R B T AL T X B Oy
HREMmA . ARK) A ERIFNER SR EE,
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®5 FE 3 ANE (@ BIER) RUWBRHE RSB XM &SR T 02
Table 5 Structural central analysis of the spatial correlation network of agricultural carbon emission efficiency in 31 provinces
(cities, autonomous regions) of China

R EE E/STins sl -3 G
Hi X Point center degree Closeness center degree Intermediation center degree
Area Jatiih MK U Hew U Hey R Hery
Point-out number ~ Point-in number  Center degree  Order  Center degree Order Center degree Order
% Anhui 4 6 23.333 25 25.210 13 0.338 25
Jt5¢ Beijing 1 12 40.000 62.500 2 0.013 28
% Fujian 13 11 53.333 26.087 10 12.534 3
K Chongging 8 5 33.333 12 25210 13 0.841 18
Hift Gansu 7 9 43.333 8 26.549 9 4.641 8
] Guangdong 8 3 26.667 19 21.898 24 0.435 22
I 75 Guangxi 8 3 26.667 19 21.898 24 0.435 22
#M Guizhou 11 16 63.333 3 29.126 3 14.366 1
1% Hainan 6 7 26.667 19 24.590 16 4.161 9
Tt Hebei 2 2 10.000 31 22.727 22 0.000 31
Al Henan 8 1 26.667 19 18.987 28 0.442 21
HJpIT Heilongjiang 8 1 26.667 19 3.444 30 0.013 28
14t Hubei 9 7 36.667 11 25.424 12 2.513 15
W4 Hunan 7 2 23.333 25 24.000 17 0.031 27
T Jilin 9 2 30.000 16 3.448 29 0.886 17
7195 Jiangsu 5 13 46.667 7 27.778 7 3.434 11
VLV Jiangxi 6 4 20.000 28 23.438 19 0.796 19
i Liaoning 4 1 13.333 30 3.444 30 0.013 28
547 Inner Mongolia 7 1 23.333 25 22.388 23 2.832 13
T & Ningxia 5 5 30.000 16 23.256 20 0.399 24
Fif¥ Qinghai 5 8 33.333 12 26.786 8 2.935 12
11175 Shandong 8 3 26.667 19 22.901 21 6.272
11174 Shanxi 5 12 46.667 28.037 6 13.336
BV Shaanxi 8 7 40.000 25.641 11 4.061 10
[ Shanghai 7 18 66.667 29.126 3 8.631 5
PaJi| Sichuan 9 3 30.000 16 25.210 13 2.805 14
JHE Tianjin 1 26 86.667 1 88.235 1 0.720 20
VU Tibet 6 1 20.000 28 19.481 27 0.153 26
Bi¥E Xinjiang 10 5 33.333 12 23.622 18 8.941 4
2 Yunnan 10 2 33.333 12 21.127 26 1.437 16
WL Zhejiang 6 15 53.333 4 28.302 5 4921 7
H¥{H Mean 6.806 6.806 35.269 25.802 3.333

AT B8 3 i 1 55 8l ) A B 3R A S S kARl
BRI Al (1. B X) JEH R
WA (. BIRX) A CER

M2 5 AT, 2019 AR E 3144 (1. HIAIX)
AR Ml Bt HE 3K 6 235 ] SR IB6 D) 2% 1 Hh A v BE YA
3.333, Fome, Holv . SN MR VIO, AR,
Ve, BRVE . L. BrdE . WA LA . H
B @A ol B S T RE . RPxLE (. A
I X)) 8 55 8] X 2% 22 HP RE #5550 4 i 5 ) 095 i 55 B
. BEERIRSHAR MG, Ik — 5 HAb g
(T EHIARK) A M A HE O ™ A P8 Fn ] 29 1R
L, 2 E 314 (. BRI Aol iR 2
[DPS E Dls RN Rl 73 P /= SN U1 N o SN
VLA T B AT . R Rl i Al B AR

B de )y AMEsh HA s (. AR IX) Rk 2355 7
o, S0 YRSk O R B Sk Rl & E
B0 HALE (1. AIRX) Kl AE =48 1 )
(R HE & HOR . SR MR L IPE L BT
(. AR X)) WE 38 o 0 55 20 J sl ™ i 45 07 =
HRMMEA (. BiRRX) A Es W ek,
3.3 Rl R HE RS 3R =S 18] 36 BX I 4 B K L5 M A

WF 5% | 1 CONCOR Fikxt [ 31 M4 (i, A
I8 DX ARl i HE R 25 (] DI I 48 147 43 B, A
K153 H 4 Mk (3 6).

HE 314N (M. AR X)) Rk i HE O R 2
(i) S EB o £ B B[] PN OC R A8 37 A, 7 2019 4R )
4B KRB 17.5%, B o 56 R B 1744,
2019 4= 0 45 5 ¢ 2Ky 82.5%, n &4 (. A
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F6 HE 3 ANE (. BIER) R BEHR R E KB AR R 5

Table 6 Division of spatial correlation plates of agricultural carbon emission efficiency in 31 provinces (cities, autonomous regions)

of China
HOCREL KR FREL T A BRI
Number of received Number of issued ES 3%l F R L
M Hh[X relationships relationships Expected Actual
Plate Area BN M sh M RN internal internal
Inside the Outside the Inside the Outside the relationship  relationship
plate plate plate plate ratio (%) ratio (%)
SR B I, TR IR mRF. T S 11 34 11 68 26.667 13.924
Firstplate /. IR
Anhui, Jiangxi, Guangdong, Chongqing, Yunnan,
Guangxi, Guizhou, Henan, Hunan
oM BRPE. DU, HON. vy, . TR 5 37 5 31 16.667 13.889
Second plate  Shaanxi, Tibet, Gansu, Shanxi, Qinghai, Ningxia
X7 17e- S N 1 LI N E S | 2SN 53 I 1 | AN 10/ N 16 93 16 32 23.333 33.333
Third plate  #iVL
Shanghai, Fujian, Tianjin, Beijing, Hainan, Hubei,
Jiangsu, Zhejiang
WAtk LT, NEEN BIRVL. ILFR. B, AR 5 10 5 43 20.000 10.417
Fourth plate  JA[dt

Liaoning, Inner Mongolia, Heilongjiang, Shandong,
Xinjiang, Jilin, Hebei

107 DX Al B HE 3 3R 18] A A 2 72 (1) 4 SR A0, A s
Al B o e 1 MR AR 2 . TIVEAE 9
A (M IR, HAR N RO 114, fbkdhiE
W ZR K 34 A4, AR AN A H G ZR 0 68 A1, ST EE P
KR IR T 52 BRNHROE 2 LU, J s ARk,
HrZe g, v, =/, )70, SN, R, W
M (M. AVARIX) AlrREm HAb R g 5730 1y . 4k
PR AR MR EE PRI B R BRSO
B ik 26 2 AR LY | PR 6 N (. AR
DX), HoAf b o RO 5 A4S, B SME I %8037
A, BRRAI & O R KL 31 A, IR INERSC &R LR T
PRI OC AR W, JE T A, H 5k bb
VIR B AR AT A D) 0 2 () SR IR, Bl BRI
AR [H] SRHR W 45 2 e A E R Wl I AL 5 3
Bedhefo & b AREESF 8 M8 (1. FHAIX), Houdk
WK Z B 16 4, BB AMENOE R %L 93 4, Bk st
Je R A 32 4, I R OC A HL /N T 58 P A
KA LW, JE T2 ok, 2 2 3 HoAb Bk i
TR W 4 MR FILT . WSS 7 (T,
FIYGA X)), BB AR N 56 R B0 54, iRESME IO &
BO10 A, ARSI 5 R B 43 4, I IR R T
PR T2 PR B 5 LU, o J T4 Al b, i 28
M XK Z R EEZ A s (1. HIRIX).

TEME SRS b, B —20is IBER TR pr ik as, it
FARTHE3TAE (. AR X)) AL BRHE R =S
T S Bk 0 295 114 %5 2 0, T J o 2 S R I P oK T
2019 4F AP [E 31448 (1. A X)) ROV BRHER SR
23 () S Ik [0 2% %5 BE (b SCll A 0.227) BT RIE N 1,

RZHR 0, FBMGHFE (£ 7). R 7ATHL 1, 2
M AV B HE RO 1 £ 3 Al = A 25 (Rl Y 56 3
MR A B HE BUBCR 155 1 MR = A — s 1 25 [A] i
W 5B 4 AR A A HE R B A3 ) R RGN 32
WSS 2 MR, AR LORE, AR I H X A
WHE BRI 23 o) s 1 1 228 H Y b

4 ERERHER R EE S 8] X B S IR 5

Zoh
4.1 QAP XM

e 4T QAP [81 U5 43 B Z i, AF 5 1 4 Al H
Ucinet 6.0 X517 QAP AHICHEM T, DL T fff 45 it ¢
i S E 3L (. AR X)) Rl s HE R
23 (1] S0 P90 246 8 e =2 ) P AR G O (6 8) Herpr, 28
B KOV 22 R (). Sl e 2% S A
@), Bt E 25 (B). WX A 2R
M (P). =SB () 5 31 M (. AR
DX.) 4 Ml Al HE 303 2 25 T G B D) 26 4 [ (GLL) ik 25 A
K (BEDAE P<O.1 WG TTHKTF), HERBOR IE, UL
FA (. BHIRIX) M EE K25 . -
W EHZES . Bk kEER . WX AN2ZSA
FITHESE 31 448 (. BIR ) Rk i HE B R R 25
B8] SCIR W 28 JE ik, oAb, 248 (. FR IX) [8] Y 25 1]
FRESTEIZAE R E 31 A4 (. AR D) Rk HE
TR R A5 ] S IR W 28 (R T iUAHE T S AR . R IR
WA 22 SEAEFE (S) 18 P<0.05 B94EitH K5 E 31 4
A AR AL ARHEBRCR 2 8] I W 45 3
FHOG, FEREON I, RWIFE X —4F, AL R
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Table 7 Density matrix and image matrix of the spatial correlation plate of agricultural carbon emission efficiency in 31 provinces
(cities, autonomous regions) of China

PR Density matrix 124/ Like matrix
Byl Plate gy i ERYTEN EET At ERTN ERYEN 3k Atk
First plate Second plate Third plate Fourth plate First plate Second plate Third plate Fourth plate
5 1HRE
g.g Bk 0.122 0.033 0.788 0.043 0.000 0.000 1.000 0.000
First plate
SE2ME
UL 0.000 0.167 0.200 0.167 0.000 0.000 1.000 0.000
Second plate
3L
5'%4 B 0.287 0.188 0.286 0.000 1.000 0.000 1.000 0.000
Third plate
4R
ek 0.157 0.619 0.107 0.119 0.000 1.000 0.000 0.000
Fourth plate

#8 PE 3 ANE (1 BIAR) RAERHR R 8 KB M & 25 R A8 X 1 4
Table 8 Correlation analysis of the spatial correlation network of agricultural carbon emission efficiency in 31 provinces
(cities, autonomous regions) of China

GL K J S z B X P c

GL 1.000™"

K —0.060 1.000™

J 0.120" 0.416" 1.000™"

N —0.220™ 0.448™ 0.081 1.000™"

z 0.130" 0.514™ 0.413" -0.004 1.000™"

B 0.146" —0.438™ -0.197 —-0.510™" 0.107 1.000™"

X 0.064 0.462"" 0.540"" 0.050 0.709™ 0.103 1.000™"

P 0.129"™ 0.540 0.670"" 0.026" 0.700" -0.067 0.796" 1.000™"

C 0.222" -0.019™" -0.117" 0.073 —0.047" —0.010 —0.068™" -0.073" 1.000™"

GL: PE31IE [ . AR KA ARHEBOSCR 2 [0 K 45 FE 1 K B KF22 06 J: SSl s ik o722 200, S 3 RIRAZ R, Z: 85—
PP {E 22 ARG B: 55—l bR 25 ARG, X (5 BA/K 28 S0, P HIX N 11 28 ARG, C: 45 [R14R3EHER4 . GL: spatial correlation network matrix of

agricultural carbon emission efficiency in 31 provinces (cities and autonomous regions) of China; K: science and technology level difference matrix;

J: transport-level difference matrix; S: resident income difference matrix;

Z: difference matrix of the output value of the first industry; B: the proportion

difference matrix of the first industry; X: information-level difference matrix; P: regional population difference matrix; C: spatial neighbor matrix. ***: P<0.01;

**: P<0.05; *: P<0.1.

WA RE R P 314 (7. HIA ) Aol ik HE
O A [ SRk . BLAk, th A 8 n] 1, KR o i
BAS R Z AT W ARG OC R, i, A b2 H)
QAP [RIHT7 L T34, LA 2 M n sz .
4.2 QAP [EVIHHR

FF 45 (3), FIH Ucinet 6.0 #1447 QAP [A]
H53 4 (R 9)o

Horh, 58 iz i K122 54 [ () 78 P<0.05 B9 4E
TR, HRFCHIE., RUIEE . AIRK) &
Wiz K ZE R RR S e E 31 M (. AR
IX0) A Ml e HE s 385 38 23 ] DG HK X 2% B Jl o 4 52 38
18 i KV FEAE 25 S I, 838 1 KPR A (T
HIAIX) BB 4 b N H A4 (7. AR IX) JREUK
FEin L 7B 1A AR PR AR LR, AR R (T .
H IR X)) (8] 22 R i, 5k 2 () OCHE

Ji B 22 F [ (S) 7E P<0.05 By 4837k -1 i
H, RO, RUISE (. BIRX) FRIEA
1 OB AR, BAA R THESh T E 31 AN (. AR
DX ARl e HE T AR e 25 ] OCHR 28 T B . J R N3

WA B 2548 (. BIRIX) A5k RKF
ZE5 o MERIAKE-ZREBU/NT, %4 (h. BE
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&9 HE 31 NE (1 BIAK) Rl BHE R = (8] XX 4 6 M @3 5 47
Table 9 Regression analysis of spatial correlation network matrix of agricultural carbon emission efficiency in 31 provinces (cities,
autonomous regions) of China

FEbrifEfl 25 FrifEf 2% WETE KA /N
Non-standardized coefficient Standardization coefficient Significance Proportion as large Proportion as small
Intercept 0.200 0.000

K —0.065 —-0.073 0.247 0.754 0.247
J 0.130 0.156 0.043 0.043 0.958
S —-0.163 —-0.179 0.026 0.974 0.026
z 0.113 0.133 0.098 0.098 0.903
B 0.058 0.068 0.228 0.228 0.773
X —0.141 —-0.165 0.075 0.926 0.075
P 0.110 0.130 0.159 0.159 0.842
C 0.303 0.257 0.000 0.000 1.000

GL: HEBIAME (T AR KRN BRH SR AS (8] SR I 4556 K B K P 22 4R J: SSl ISk 22 450 S0 o RIMA2E T4 1 Z: 5 —
PP E 22 AR B: 45— o e 22 R X (5 B /K22 SRR, P X N D 22 R0, C: 23 (M40 . GL: spatial correlation network matrix
of agricultural carbon emission efficiency in 31 provinces (cities and autonomous regions) of China; K: science and technology level difference matrix;
J: transport-level difference matrix; S: resident income difference matrix; Z: difference matrix of the output value of the first industry; B: the proportion

difference matrix of the first industry; X: information-level difference matrix; P: regional population difference matrix; C: spatial neighbor matrix.
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