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Abstract

With the rapid development of digital technology and in-depth global low-carbon transformation,
the digital economy and carbon emissions have become increasingly interconnected. Their coordi-
nated development is crucial for sustainable economic growth, so studying this topic is of great sig-
nificance for promoting their positive interaction, advancing the “dual carbon” goals and achieving
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high-quality economic development. Taking 14 prefecture-level cities in Hunan Province as re-
search objects, this paper selects evaluation indicators for the digital economy and carbon emis-
sions, uses the TOPSIS entropy weight method to calculate their comprehensive scores, and then
computes the coupling degree and coupling coordination degree to present the distribution maps
of these two indices for the 14 cities. The results provide references and guidance for relevant de-
partments in Hunan Province to formulate policies on the coordinated development of the digital
economy and carbon emissions.
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JEE X BRHERURI RE A LA, TSI R 45 5 A A W B S B2 B I m R e AT B L

KT FETF SRHE N, VP28 NRFMA R AE AT T 90, 5 MBI T4
PR, EALTF R, BECE AT B s AT SRR IS AL 2B . 2R AR EE R 2]
£ T 2012~2021 3R [E 30 A8 T THARESE , S ECF S U RRIRHE SN K HAE FALHIEEAT SCUERE 7T o AR
Br (318 B 7 [ A 30 ANETT 2010~2021 SFEIFEAREEE, RN T EF 20 A BRI STER SRR
HRAHLHI AL b, RGO IR T 20 1 R AR RN M DX B HE O 2 (R N TERR R o T i [4] LA
W E G 1T 2011~2021 FEEH NREAR I REF 20 KB SRR, i S REIE, R RS
BOREMA RN 2 )Y Y AR, BRI X R o 3R, 2R S [S1LAHE 30 MR IX 1T 2008~2021 AR
PAFEAR, PRI R RS RIZHIRHEBORE ROCEE, A ATR TRHE S Xz S, i s AL =
B SRS A SO ARAR SR SR AT o S TR A AR AR 58 2 5 50 WOCHR[6]-[9]. A SR AR
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Table 1. Fourteen prefecture-level cities of Hunan Province and their distribution regions
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Table 2. The index system and weights of digital economy and carbon emissions

® 2. BFEFSHRARIEIT R R RINE

Hir2 HEN 2 HEN A E E(EL 77y~ Febm EAE
B H G R 2 (x1) 0.0345
o IR BN R (x2) 0.0387
ﬁ%;(%f?ﬁﬁﬁ 0.1908 NH LI B B A3 1 (x3) 0.0379
g KIS (x4) 0.0494
= RAEH . AR B AR ML B EE(xS) 0.0303
K AA R 0.1849 DL L Tl R&D A 5 4 245 (x6) 0.0667
(y2) I e S AL B T A H(xT) 0.1182
biEa Pl I (x9) 0.0543
ARG L% 4 B (x10) 0.0477
%ﬁz 3R o SEHIEH . O A IREOILE FB T AR A x1 1) 0.0478

E R RS BRI ik N A E(x12) 0.1125
HURLLL A5 B THENUIRSS A A = BB (x 13) 0.0663

IS g AEBOLE 5 7R Ak 14) 0.0681

K= 295 8 02957 LT 7 45 4 A (x 15) 0.1295

o4 GRS L 0.0419

Hp [ Bl B R g £l (x 16) 0.0562

. N BHERE (x17) 0.1974

ARIBRHRS) 03 NI TS R TRV FEE(x18) 0.1926

WeHER AT (y6) 0.1505 47 GDP BHERCER (x19) 0.1505
By BB (x20) 0.1447
REVRBIHE IR (y7) 0.4595 BEJRTH P B (x21) 0.1335

HA7 GDP REFE(x22) 0.1813
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Table 3. Comprehensive scores and rankings of digital economy in prefecture-level cities of Hunan Province (2014~2022)

523.2014 2022 FHEE R METHRFRFEABORHEE

il 2014 2015 2016 2017 2018 2019 2020 2021 2022 ¥ME HE4
Kb 0999 0999 0999 0999 0999 0999  0.999 0999  0.999  0.999 1
¥R 0117 0125 0121 0.150  0.150  0.110  0.128  0.100  0.119  0.130 7
W= 0151 0118 0106 0.093  0.107  0.065  0.094  0.067  0.072  0.102 10
#0117 0.125  0.119  0.155  0.180 0206 0214  0.179  0.169  0.159 4
ABEE 0216 0192 0.192 0205 0211  0.193  0.173  0.129  0.100  0.182
EBH 0162 0172 0150  0.166 0201 0207 0203  0.128  0.175  0.189
M 0127 0128 0119 0.141 0182 0.149  0.163  0.129  0.160  0.149

FFEHA 0058 0066  0.039 0.037  0.041  0.031 0.022 0016 0.014 0.039 14
5BH 0.046  0.064  0.048  0.055  0.079  0.058  0.085  0.063  0.052  0.060 12
MBS 0134 0.111 0133 0.142 0223  0.168  0.188  0.110  0.118  0.150 5
AN 0.087  0.08  0.09  0.109  0.164  0.157  0.137  0.097  0.073  0.103 9
46 0112 0120 0149 0.147  0.141  0.128  0.125  0.107  0.087  0.123
KB 0057  0.062 0067 0.076 0080  0.081  0.073  0.075  0.078  0.067 11

WPE 0.053  0.042  0.064  0.067  0.093  0.076 0.096  0.020 0.018  0.059 13

MFE 3 LA W A S T B T et Z AR MR 22 S, BT R GRS 2 T = iR R
IO T < U P I EB e o 6 7 N @ o 5/ TR PRI | € 1 M G 8 2ot (AP
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Figure 1. Line chart of comprehensive scores of digital economy in various regions of
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Table 4. Comprehensive scores and rankings of carbon emissions in prefecture-level cities of Hunan Province (2014~2022)

5% 4.2014 F£~2022 Ffm A S AT IRHIBES S XA
I 2014 2015 2016 2017 2018 2019 2020 2021 2022 WM B4

Kb 0.086  0.081 0.097  0.090 0.127  0.083 0.085 0.096  0.138 0.098 9
R 0.119  0.090 0.103 0.140  0.235 0.164  0.174  0.165 0.218 0.156
T 0.507  0.454  0.453 0.484  0.581 0.637  0.687  0.727  0.816  0.594
A 0.140  0.109  0.103 0.107  0.179  0.149  0.165 0.146  0.208  0.145 6
HEFH 0.089  0.083 0.075 0.080  0.146  0.097  0.087  0.098 0.118  0.097 10
TEBA 0.565 0.628 0.627  0.618 0.667  0.862 0913 0.878 0.736  0.722 2
A 0.131 0.124  0.105  0.123 0226  0.184  0.189  0.221 0.289  0.177
TRF 0.002  0.003 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001 14
#ifH 0.118 0.114  0.112  0.133 0.228 0.165 0.181 0.196  0.243 0.166 8
MBI 0.257 0.219 0210 0210 0.296  0.253 0.253 0.263 0.332  0.255 4
sl 0.029  0.026 0.019 0.029 0.077  0.043 0.050  0.072  0.208 0.061 11
L 0.030  0.028 0.024  0.027 0.070 0.028  0.034 0.036 0.062  0.038 12
IR 0.999  0.999 0999 0999 0999 0999 0999  0.991 0.903 0.988 1
TN 0.008 0.004  0.003 0.006  0.019 0.006 0.008 0.009 0.021 0.009 13

MG 4 TR, A SRR HEBOK AN 6T, BRAFBUKT e i BT 2 2, ATy
ML, 2R B AR BRHE UK P40 T 0.5, 7T RE R Dy ix 28 1 [X 28 5 50 RS T~ 38 Tk A5 B HE I
7ol TR HE O TR R 308 T G 0 35 AT R BE A 5 A M AN R 55 b S5 A o, (L S v ) S5 e
JBCH X U AT fE T X e BF AN R, Tk R JEKPRSE B A 5 2
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Figure 2. Comprehensive scores of carbon emissions in various regions of
Hunan Province (2014~2022)
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M 2 AT LR R Al AN X B HE UK B AR 2L ETHE S, WX BRHE UK T B s, 1o
WP DR A, A LA b b DX HE UK P 2 T 48 P 349K, I P AN g X AR T4 1 2
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Table 5. Classification standards for coupling degree

5. mEENSE

& C{HIX A O FERE VAN
[0, 0.4) AP
[0.4, 0.6) P
[0.6, 0.8) EEBY B
(08, 1] HACT

A A BB R — RS T I ER BN D RS ARG DL, I ASBESR U R Se I Al Hp i 2L
JS2, PRSI S AT

JTi

D=\CT = |c>wU, @)

Horprw, ARAEAR j T OB, C R ARG, T RRWADRERITRIRIZEE13 70 508
FUE RO I I B AR A B I 255 D R FR 50

WMAMRESEREER “WHvk” “ONmE” “Lmik” “Tmik” 2], ASCRAPZMN 3,
L% 6:

Table 6. Classification standards for coupling coordination degree

+* 6. BEMAERIDRE

AR B D fE X R PR BE VAR
[0, 0.4) R &
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Table 7. Coupling degree between digital economy and carbon emissions in prefecture-level cities of Hunan Province (2014~2022)
R 7.2014 F£~2022 FHEE SWAHRFEF SHHABBEE
I 2014 2015 2016 2017 2018 2019 2020 2021 2022 ME He4
Kb 0.541 0.528 0.567 0.551 0.634 0.532 0.539 0.566 0.653 0.568 12
PRI 0.999 0.986 0.997 0.999 0.975 0.980 0.988 0.970 0.956 0.983 3
T 0.841  0.809 0785  0.735  0.725  0.581  0.651 0555  0.545  0.692 10
17 RH 0.997 0.998 0.997 0.983 0.999 0.987 0.991 0.995 0.995 0.994 1
ABFH 0.910 0.918 0.899 0.899 0.983 0.943 0.944 0.991 0.996 0.943 5
B 0.835 0.821 0.789 0.817 0.844 0.790 0.771 0.666 0.788 0.791 9
i 0.995 0.999 0.998 0.998 0.994 0.994 0.997 0.965 0.957 0.989 2
KR 0.359 0.404 0.529 0.265 0.252 0.297 0.354 0.400 0.424 0.365 14
5 fH 0.903 0.961 0915 0.910 0.874 0.876 0.933 0.858 0.762 0.888 6
FE 0.949 0.944 0.974 0.981 0.990 0.980 0.989 0.913 0.879 0.955 4
TR 0.855 0.846 0.763 0.814 0.933 0.823 0.884 0.988 0.878 0.865 7
e 0.816 0.784 0.695 0.728 0.942 0.769 0.822 0.868 0.987 0.824 8
IR 0.462 0.470 0.484 0.513 0.524 0.526 0.504 0.511 0.542 0.504 13
P 0.666 0.555 0.422 0.549 0.753 0.513 0.527 0.931 0.998 0.657 11

7RI T 2014~2022 FHIETE 14 MU T AT SR A L. WBMEKRSE, HE2 R Eh
XAKRIGR M H W48 PRINEEHLX, MK R FERAL, HREER, KIPEX, SHXEENRE R
BAEAFAE— 2P sh, R AR 25t SIRHEBGE & % 20 B 2= 5 .

RTHAERI D ERMZE 7, KMma 14 DT &5 S50 HE O A 15 0% 4 K
G TP B BAEW B ACERE G WA B . 5 RS 7] 7 41 AR S LI EL 2014 45, 2018 4. 2021
RN 2022 SEPUANE [RIERTT, ZeRR S M B AR A

o o w
W
AR o HHIR

(20144F) (20184F)
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Figure 3. Distribution of the coupling degree between digital economy and carbon emissions among the 14 pre-

fecture-level cities of Hunan Province

E 3. #fEdE 14 METRFEFEREREAES T

MIE 3 FTRAE H, RS X B S B AR HE SO & FE AR TR, ki fh & FE R B 7+
KIPHTE 2014 FF4 THEPUN B, 2021 A TIRACPFRE AT B, 76 2022 4 LA RIBE GBI B, AIREH T4L
TGN A FEFIAE S BRHEA BRI #4023 B 35 iR i 78 2014 R0 Tl &K
PR, 2018 Kb T EEAR B, 2021 4EAN 2022 A TARFE G AKCFR B, T RESE R D B T &5 i HE O™

b Fee T BUHE TG 0 T A6 A58 5 BE A1
4.2. RFEFESRAHBS AL RO

MWHEE 7 Q)T LA R B R B BRAFBOR A VR EE,  BARSE R I 8.

Table 8. Coupling coordination degree between digital economy and carbon emissions in prefecture-level cities of Hunan

Province (2014~2022)

3 8.2014 ££~2022 FilfiFE MR HHFEF SRR EE

IR T 2014 2015 2016 2017 2018 2019 2020 2021 2022 WE  H4
Kb 0.542 0534 0557 0548  0.597 0536 0540  0.557  0.609  0.558 2
R 0344 0325 0334 0381 0433 0366 038 0359 0401  0.370 8
W 0.526 0481 0468 0460 0499 0452 0504 0470 0492  0.484 4
#31H 0358 0342 0333 0358 0423 0419 0434 0402 0433  0.389 7
HBFA 0373 0355 0346 0358 0419 0370 0351  0.335 0330  0.360 9
5 FH 0.552 0573 0553 0566  0.605  0.650  0.656  0.578  0.599  0.593 1
g 0358 0355 0335 0363 0450 0407 0419 0411 0463  0.396 6
kA 0103 0118  0.105  0.071  0.073  0.069  0.063  0.059  0.056  0.080 14
2 PH 0273 0292 0270 0293 0366 0312 0352 0333 0336 0314 10
B 0431 0394 0408 0416 0507 0454 0467 0412 0445 0437 5
I 0227 0218 0204 0237 0336 0287 0287 0289 0351  0.270 11
PRI 0242 0240 0245 0252 0315 0245 0255 0249 0271 0257 12
I 0495 0499 0508  0.525 0.532 0533 0520 0.522 0515  0.516 3
WVEM 0.143  0.113  0.119  0.142 0206 0.145 0.166  0.116 0.139  0.143 13
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Figure 4. Distribution of the coupling coordination degree between digital economy and carbon emissions among
the 14 prefecture-level cities of Hunan Province
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