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Study on Inter-Provincial Network Characteristics and Collaborative Development of
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Abstract: To explore the status of safe carbon reduction in China’s mining industry, the data envelopment analysis (DEA)
method was used to measure the safe carbon reduction efficiency of mining industry in 30 provincial-level administrative regions
of China from 2014 to 2022. Additionally. social network analysis (SNA) method was utilized to examine the spatial correlation
network characteristics in detail. The results reveal that the overall efficiency of safe carbon reduction in China’s mining
industry exhibits a growth trend with relatively small regional disparities, indicating the green transformation of the mining
industry is moving towards a balanced and coordinated safe carbon reduction direction. In terms of the spatial correlation
network, while there are some interactions among provincial-level administrative regions, the overall connectivity is weak, and
interaction frequency needs improvement. Further analysis shows that different regions play distinct roles in spatial spillover
effects. Certain provinces occupy key positions in the network, demonstrating high centrality and significant roles as structural
holes and intermediary holes. Moreover, while intra-regional connections are relatively strong, the collaborative effects between
regions still have room for enhancement. The research results provide a novel perspective for comprehensively understanding
the status of safe carbon reduction in China’s mining industry and offers scientific guidance for optimizing policy design and
promoting regional collaborative development.
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Table 1 Efficiency values of safe carbon reduction of China’s mining industry from 2014 to 2022
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Fig.1 Changes in the efficiency value of safe carbon reduction

of China’s mining industry from 2014 to 2022
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Fig.2 Spatial network of safe carbon reduction efficiency for the national mining industry in 2022
T2 HE3NANEARITHERT W& FEH"E S B XML& NP OEER
Table 2 Centrality indicators of spatial correlation network of mining safe carbon reduction
efficiency in 30 provincial-level administrative regions in China
H R G He# P30T o HE4 A He2 FRAE 1) 2 o i HE%
B[ %= 34.483 11 50.877 25 1.231 16 22.176 19
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N 31.034 15 52.727 17 0.421 23 23.607 15
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SR 20.690 29 50.877 25 0.290 26 14.556 29
IR 24.138 25 51.786 19 0.557 21 17.046 28
g 17.241 30 44.615 30 0.000 30 12.493 30
195 41.379 7 63.043 5 5.124 7 29.445 10
i 55.172 2 69.048 2 14.433 1 37.786 2
T 31.034 15 56.863 11 1.597 12 23.786 13
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Fig.3 Net spillover relationship between the spatial

network relationship of safe carbon reduction

efficiency of the national mining industry in 2022
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Table 3 Spillover effects of the spatial correlation plates of safe carbon reduction efflciency for the national mining industry

Bk R 8k i 5% R AL

i b b 4y e bR
Bt o Bk bk B muegn gk msky psksy  RRIEBIC RRIER/Y
H— Mk 54 14 2 0 10 54 16 54 16 31.03 77.14
o TR 4 14 1 5 5 14 30 14 10 13.79 58.33
9 =Mk 12 5 34 17 7 34 7 34 34 20.69 50.00
S5 DO AR B 0 11 4 37 8 37 22 37 15 24.14 71.15

M3 AT LU L AR B R G I OC R BB
139, AR AP SRR SC R K 75, R N SCHRC &R h 4
R OCHRSC AR SR 6500, UM 30 A 0 ol 22 4
(373 & iy (1 Rl ey G VAR S o P A R LS
Hr A5 B B 11 i 55 BRI B0 - 78 50 — M Bk v, R Ok
RBOH 54 % H WO B AN Y T (16 2% 15 % T F
SR B B (16 260 A1 45 L 52 Bm AR 5C R 1L il ae R
TR NERE R LB, JE T2 20 N7 B 725 —
b, WER G R ECN 14 4 4R MU AP 5E RRE0CR 30
25 I oAb AR B At 56 R RO 10 2% 3 IOC R HOR

ERTHIESE QP NUN S E N A PN TS S S
R L], 8 Tl g 7 AR B s 7R S AR b, R G
RN 34 F% BB SRR F BRI i H O 28 8003301
N T RN 34 2% i G RBOR THMCE R KL R T
R AR 5 B DU AR R B TR G R B 37 4% 4%
Wb AR R B 56 R B 22 4% Lt Ol 15 . HOLSE
P AR O 2% HE )0 K 400 B2 PR O R B 4B Al R T
5PN AT B 2 LA R AR L HAT XU i 7 Bk
R AR

TEFE 3 AN b, THA T B o R R I B



232

H ok B 5 A

2025,45(12)

e, Ol 3% 4, 29 B R TR IR R 4%
(0.246) ,WRAEA 1, e 2, WIGK{E S 0. H5 45 Hi e )

2510 SR I O AR HEAT Ab BRUS L A% B AN AL 4 B R B SR
EYR

x4 2ET W RERER"E T B KXBRLR A P EEEGRER

Table 4 Density matrix and image matrix of the spatial correlation plates of

safe carbon reduction efficiency for the national mining industry
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Fig.4 Network correlation between plates
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Table 5  Structural hole indicators of safe carbon reduction

efficiency network for the national mining industry

A1y AR FYES PR i 2 s
b7 5.154 0.515 0.302 0.084
R 9.071 0.648 0.233 0.064
e 3.250 0.406 0.333 0.049
vy 3.071 0.384 0.330 0.036
SEan 4.000 0.444 0.310 0.049
LT 4.591 0.574 0.318 0.067
WOk 2.938 0.490 0.393 0.065
By RN 3.778 0.540 0.353 0.068
g 1.375 0.275 0.435 0.052
HDN 7.500 0.625 0.240 0.102
WL 11.310 0.707 0.198 0.091
LR 4.625 0.514 0.287 0.043
Fioys 5.125 0.512 0.289 0.054
LYY 3.154 0.394 0.335 0.050
7R 7.778 0.598 0.248 0.076
N} 7.211 0.601 0.221 0.051
el 8.975 0.641 0.202 0.052
ike) 8.447 0.603 0.229 0.049
IR 5.286 0.529 0.292 0.052
i) 3.917 0.490 0.333 0.044
i3] 3.389 0.484 0.349 0.071
Gig/N 7.294 0.608 0.247 0.066
usply| 5.143 0.571 0.284 0.064
M 4.462 0.496 0.310 0.051
= 4.462 0.496 0.310 0.051
) 11.896 0.700 0.181 0.047
How 3.450 0.493 0.336 0.066
T 3.375 0.482 0.333 0.033
TH 5.654 0.565 0.271 0.057
B 8.538 0.712 0.198 0.043

TR PR T A A S . B AR =
e 0] 73 551 LABR 26 AR AR (08 . 2 ARk
5 1) 42 1 £ 5 R 58 0 3 1) 2 R B URA
WAL, AR 35 = Mg B S fid 1) T 42 ol £ S0 AN 9%
DB K L SR B A R AT RE ) . S U AR Bk g
ARAHSFITARI MG, 325 Tk A S5 =R (5 B %
U ZARRAE A% 32 A B FE Al L A 9 URIE — 20 ) 2
oMb XA @ TR T e A
e fe” ) 24 i i B0 3 55 96 DIRG9 )= U B )
Ph O ik 4 7l 22 4 R A R T Sk
R

xo6o ET U “REBEBRUETZE

KEERPEABE AL
Table 6 Proportion of intermediary roles in the spatial
correlation plates of safe carbon reduction

efficiency for the national mining industry
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