Statistics and Application 47525, 2026, 15(8), 239-252 Hans X
Published Online August 2026 in Hans. https://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2026.158194

ET AR B FL T3 ikH =6
i B R

—LUEE Al

B, FHER
HHRFHCES g, W EE

Weks HiA: 202647 H18H; FHHEM: 20264F8H11H; KA HiH: 20264F8H19H

HE

R B S X AR BRE R T, BFLTFRRBABSIHBRHK EEINF . AC%EH2014~2022
SEHIRTE 14 M R T RS, 2 M TOPSISIE N H B F 25 STHR SR SR H, KIGHEZ MNE
MR R RER, BB TFEFNBHR AR 5 Z R AN BTRERMT: 1) BEE
BHBFAERZEERZMER, HFEramENN. ZRZERYEENR, REFMBHESERES
XA B s 2) XA R PEAL B B W R B P 2 TP A 1 B 3 TR, W T B Ak o Rl A I B HE T
MPBRHRNARE, MR Tt RMERSMBEETR; 3) AOEER, SRR, X5 TR
AT XBBHS, B B=RBRERHEM . A SCIRIIB S RO R U KL 5 X =
UL TR 5B X R ARG ERES %,

XK ia

HFaTr, BHIL TRARER, FREE, KRR

Research on the Spatial Spillover Effect of
Digital Economy on Carbon Emissions Based
on the Spatial Durbin Model

—A Case Study of Hunan Province
Licheng Yan, Hongyi Li*
School of Mathematics and Statistics, Jishou University, Jishou Hunan

Received: July 18, 2026; accepted: August 11, 2026; published: August 19, 2026
“EHAER

SCES|F: BN, 2R ST (AR SRR (8 T 4 Do RSO [l SR T D). et SR, 2026, 15(8):
239-252. DOI: 10.12677/s2.2026.158194


https://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2026.158194
https://doi.org/10.12677/sa.2026.158194
https://www.hanspub.org/

Abstract

Against the backdrop of the “Dual Carbon” strategy and coordinated regional development, the ad-
vancement of the digital economy has become a vital instrument for carbon emission reduction.
This paper adopts panel data covering 14 prefecture-level cities in Hunan Province from 2014 to
2022. The entropy weight-TOPSIS method is applied to calculate the comprehensive indices of the
digital economy and carbon emissions. A spatial Durbin model is constructed based on the adja-
cency spatial weight matrix to examine the local impacts and spatial spillover effects of the digital
economy on carbon emissions. The research findings are summarized as follows: 1) Carbon emis-
sions in Hunan Province exhibit significant positive spatial agglomeration. Both the local main ef-
fect and spatial interaction term of the digital economy are significantly negative, indicating that
the digital economy can cut carbon emissions locally while generating stronger cross-regional emis-
sion-reduction spillovers. 2) There is obvious regional heterogeneity. In southern Hunan, the digital
economy only exerts a significant local carbon reduction effect. Digital development in northern Hu-
nan aggravates carbon emissions in surrounding areas, while the emission reduction effect in cen-
tral Hunan is insignificant. Conversely, the digital economy in western Hunan drives up local carbon
emissions. 3) Population agglomeration, economic growth, transportation and industrial energy con-
sumption generally push up regional carbon emissions, whereas urbanization and the development
of the tertiary industry contribute to carbon mitigation. The conclusions of this paper offer refer-
ences for differentiated digital transformation and cross-regional collaborative carbon governance
across the four major economic zones of Hunan Province.
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2. BiRKRIREERIEN
2.1. BEFKIR

BHEFEA N 2014 H~2022 F3H1 4 14 AN HZE T FOTHI AR B, £ RIET EPS 255045 % DL & (il /e
BEHELY L, 0T E OB R dR AR AN ST

2.2. TEIER

ARG EHEM, . WRifg W 5 1 8 7 22 DR AR HE U G DR A $R Ak SR DL SR AR B L, 8 SOt
HERAH AR N R AR B, J R GO SR b W AR A B DA S X e BF R JR KT NI SR IS 4 b
NEEHARE . ARSCERRRE SR, WA S U R RRIEBRHE I = A 77 TH A R HE UK P 4R b 4
%, IR TOPSIS M§BLATH A RAE, SRR bR A BUE WAL 1.

Table 1. Carbon emission indicators and weight coefficients

=1 BRHBURIR SN ERYR

Tabr AR5 WE

N s HER NI BHECE 0.1939
(0.3856) DI TR A 0.1917

G RRHERR . .
(0.1874) H.47 GDP A 2 0.1874
MTRHECE 0.1434

Ae TR R HEL P

(0.4270) REVRYH 7 o & 0.1316
A7 GDP GEFE 0.1520

I 1 P RAR SRR % AT BRHEIUSE A TR FR(COY).
221 RBTE

AL VRO L, BT RS By NS B o e AR v 2e5% T D A
J7 HF 7 25 R SR KPR AR(DE), R TOPSIS JBGETHE Xt AR bR AR B AL E, M F& TR

hitps://www.hunan.gov.cn/zfsj/tjnj/tygl.html
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Table 2. Digital economy indicators and weight coefficients

=2 BFAFERSNERYE

et B &
BAIEH P s 0.0321

lii] 72 IR FH P S0 0.0365

ﬁiﬁﬁf% N8 LI P B 4 N i 1 0.0307
KBk s 0.0471

G RN RIS A AR MO B 0.0563

B A R BUELLE TolkAinlk R&D A G Axiny 24 0.0569
(0.1686) e 27 5 2 B A B H A K 0.1117
SN S ON 0.0560

CERENE NS 0.0446

ﬁi§§§@ SERIE RO AE BT AR R A 0.0463
G MG AR RER RS g N s fr 2 0.1290

FURLLL FA5 B4 TR RIS A0l A 7= e 0.0557

A Ot AR O [ 5 % 7 2 A 0.0757

B 255 F FL T T 954 5 0.1221
(0.2971) W 4R 0.0577
o [ B 4 Rl 4 0.0416

222 FHIEE

JE I ARELAR G SCHR[10], ASCIEEUIN FEH AR R : N 4R (PopDen), KA XEAER A 1 55E
XATEUX RIHEAR 2 LR AE ;s 2957 KR /K V- (Pdp), HIHEIX A= p= BB ER LAE R HAE N D433 LK
(UrbRate), {3 FHIREHH AE N O IXEER BN HERIR; Pl g5 M(IndStr), B === {E & i X A4
FeRME L E R ;AR K (Traffic), 1% F X R A4/ A B I r; Tk ReFE/KF-(EnvEne), KH
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3. Wb =EE B EXKE

G JR B AR R e R R A G, IEBUR s S e AR S AME AR, E ARSI
BUEAZHE AT, BB HGE T W ATEAE 25 8] KK

Nl 2w (% - X)(x -X)

(Zh 2w ) 2 -%)
Jopn AREXBECR, w, RFEALE, X, FIX A BRI i WL R (.
3.1. ZEINEREMIEEF

ASCAER IR (VAR HEAE R« BRI B0 A 22 T B 0 B — AR AT A 9%
1) PEAEREHIRIEAA:

M)
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2) HLIERER B4R I RIERN:

d,i# ]
MZ%P-Jyu=mwm. 3
Ji=]

o d ARRIRTT | ST j 2 (DA PR Y
3) &FFEERERENRIERA:

waz{]o/|(_§i__éi|’ 1 =120, @)
=]

Horp G ARSI i 75 2014~2022 4 GDP 4FHJ1H .
3.2. FEBHEXKE

WA R B2 FR B AT W, ARHEAUE T BicHE OIS AR i 2 2 (R AR OG, T b B s P 6 R 20 5 B 2 4
P A W PR SG, ARE (2)~(4) FT T EAN R M T BB B 22 4R 4, B2 4R B R .

Table 3. Moran’s | of carbon emission under adjacency matrix
2 3. MBS TR ZIEH

Ehy I E(I) sd (1) z P value =M
2014 0.1477 -0.0769 0.1618 1.3885 0.062

2015 0.1995 -0.0769 0.1618 1.7088 0.039 **
2016 0.1839 -0.0769 0.1618 1.6123 0.057 -
2017 0.1734 -0.0769 0.1618 1.5475 0.052 -
2018 0.1656 -0.0769 0.1618 1.499 0.07 -
2019 0.1945 -0.0769 0.1618 1.6776 0.057 -
2020 0.1764 -0.0769 0.1618 1.5656 0.056 -
2021 0.1828 -0.0769 0.1618 1.6056 0.063 -
2022 0.1179 -0.0769 0.1618 1.204 0.12

JE: e G g R BRIRER 1% 5% 10% IR KR

M 3 HAT LR H, SR AR EA E R MR AN 2022 EAN 3, Uk B R 48 Bk v (RO B HE SO S A
i, FFAEIERASAIAEER, DRI Jm SR 7Y 2o R Y A F 0
4. FEBEFEEIE K E)T

ST FIR S AR B HE E AT AR PN A7 AE 2 2 (B 2R, A% 4t OLS (RR IX 3 T 5y 7 A A T 22
AR IR B JH . LM 25 (A2 W7 LR AR FRIAAR O0, 4% 1360 45 TR e & e 1) 2 IR) -
A, S e AR R
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4.1. ETFHER OLS ElIFRIE FL5F 3 iHE A
AT SR A 8 f /N ey (OLS) AT FEHE AR 1] U5, 5 7 WU ] 52 RO AR, 10 B A% O i e AR
S HR & M OCHE, EAARR
Yit:a0+ﬂXit+ijijh+yi+ﬂt+5it, (5)
Horp Y RGBT R (RHFBUKT), X, BB R TR T), 7, ARERIAE, 4
AREIRTT AR R RN, A ARG ] [ RE L, 6 ARRBEHLIRBNI, o RRFEHT, B Ay, ARETHR
THIHR OLS [A 325 KWL 4.,

Table 4. Impact of the digital economy on carbon emissions—panel OLS regression

= 4 BFEFIHH RS —E 4R OLS [E1)3
A A PRz t{H P&
InDE 0.0364 1.2447 0.029 0.9767
InPopDen 19.9041 17.8255 1.117 0.2669
InPgdp 1.4252 0.6016 2.369 0.0198™
InUrbRate —2.6304 2.2365 -1.176 0.2424
InindStr -0.7910 1.1070 -0.715 0.4766
InTraffic -0.0804 0.2379 -0.338 0.7360
InEnvEne 0.1485 0.1212 1.225 0.2234
R2 0.9849
F giit & 225.3549
P {E(F) 0.0000
NxT 126

FE: T T RO RIARERTE 1% 5% 10% 19 52 KT Ll AT, BRE 4 BITE 99%. 95%F1 90%
FIBEKETBEAS R

M 4 FRRTRI R? 0 0.9849, HREAEAT RUFAIMRE ST, AT EAKTAE 5%/KF T R#F NIk, B
LUt R R IR, R NS R Pl gty 20l RERRCR S AR R AR
HYTREN, B G RARTE FE T (] A R ORHR, AT A AR 2, Wt 2D R A A R AR
JEAS o

4.2. LM I8

LM A6 562 2 ) TSR 1) 2 TR AR DR MEAGL 6, 5 B 22 WA 7R e 75 474 25 [R]3 Ji B [A) IR ZE RN
A AN [ G5t T b a2 9 3 4 ) T AR R

M5 LM A THEE R AT IE H, S 22RZEAG S P ECKT 0.05 Al & AR ES, M LM R%E 51
& LM IRZESGIHEBE E 2K TEE, LM e S5 LM Jija A S, B UIREAAE 8 5 2% 256
R 22 RN T 2 TR it J 28 o
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Table 5. LM estimation results
= 5. LM fHit4ER

(L TIRES Giit & Pia
Moran’s | Error —0.0954 0.7168
LM-Error 12.2893 0.0005™"
Robust LM-Error 11.7168 0.0006™"
LM-Lag 0.5725 0.4492
Robust LM-Lag 0.0000 1.0000

VE: e o G g Cx” BRIRER 1% 5%, 10% [ E KR

4.3. LR 3%
LR e 6368 i o b o 20 o 2 [AIAR AR 15 240 SO R PRt RO BLARARL, W 2 TR A S A R i 75 il A 23 TR I
B [AIR AR, RIEAIE P B E IR AT 3.

Table 6. LR estimation results
%% 6. LR fhit4E

R Yiit it P {t
LR-Lag 49.5232 0.0000™
LR-Error 495232 0.0000™

VE: Ry e R R S RIRER 1% 5% 10% FREMEKSE

MFE 6 FrPIEH, LRERES LR RERK KIS 1H=X5 N P E N 0.0000, ¥WEH D2 —KF
2, VLA A A A AR T yA R AL A A ] B B (SAR) B 25 [A) iR Z AR A (SEM), i £ Af F 25 [a) A 22
TR BEAT SEUE 3BT
4.4, 2B FAREY(SDM)LUEST

7% () AL B AR Y [] B 9 N A AR AR e 2 B S T, RS B AR M I 5 i e AR s [R) 2 ELIDL, B 3 it
A Hh | AR B A M AR AT B LR R . AR IR X AR B SR B A TR v R AN, A RN LR &
IR FAPEARGFIE T 28] 5Bk, A& A JEIEm s EH R SCo B S [B) b AR T A Ny S AR Y,
fiZEaw/ I

Y = WY + X B+ WX +¢, (6)

Hoy KRR E, p AREMEALE A G REL W, AR RIRCE R R CH AR PR E), X
REALEENE, pREATERIARE, WX REAZETAED, 0K QLRSI LR,
& KBNS I .

2 (A FE A O] A3t B L AR5 AR, G B A, B A A o A A AR A R P 5
T DI SR, ) 3k AR e 9 X a2 [l B AR . AN B8, B R+ 7 Fir.

M7 AT LLE Y, A B AL A R2 O 0.8898, LA R R, H.2%5 1] B 5% 2 ¥Ch 0.3149,
[ 7E 5%/K-F T RZENIE, KRBT AAFLE B3 (10 0 ) 2% (R 8 HAOE, I HLBE R AMAR R 3 I 5 %2
sigma_u? > 0.0376 Fll5% 7 77 7% sigma?_e 4 0.1102, FUHIHATEREX A, WHBA SR ERN, S5
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T2 R FEIKF-(INDE) 3 L HA 225 A0S M) 808, HAS My 3= R0 SR #y—8.6261 . 7% 8] 58 H.I R N
—6.3343, i 1% E AL,  H B R B8 N EE 731 -12.4052 5-9.4303,  [A] 42 R4 B 4E HiE K T
BN, UEIECE 2 U R R AMN AR 53 AR A M HEOK S, 3 2l 2% R) S IR & s b IX 7= £ B
(RS H RARE, %o DX 3 AR s ek HE ke 478 2 BB sl 4l T

Table 7. Results of the spatial Durbin model
=7 TEMERRER

A RN R HL X A28 HL I WiX BB STk A SR
—8.6261"" —6.3343™"
InDE (0.8870) (2.2981) —9.4303 —12.4052 —21.8355
45.2255™" 32.9490™
InPopDen (4.5479) (14.7598) 49.4184 64.6812 114.0996
1.3725™" 3.5127
InPgdp (0.3036) (0.7521) 1.7230 5.4071 7.1301
—3.8054 —-18.1083™"
InUrbRate (2.3093) (5.5108) —5.5209 —26.4633 —31.9841
—-2.2126" 0.5945
InIndStr (1.2927) (2.5258) 2.2216 0.1400 2.3616
. 0.5120""" 0.0425
InTraffic (0.1775) (0.4258) 0.5301 0.2793 0.8093
0.7579"" 0.2865
InEnvEne (0.0940) (0.2430) 0.8045 0.7198 1.5244
et v 0.3149™
EEIISViEES (0.1562)
sigma_u? 0.0376
sigma? e 0.1102
R? 0.8898

H 7 MREP<0L, U AREP<0.05, U ALK P <0.01; H5T5 A AN R EAIFRAER

N REE P (InPopDen) S 31 HH 2 35 XAl BEBRAFAE, AN Hb 32 308 R %0 45.2255 (1%42.35) . 25 [A] A2 H.I0
ZFH 32.9490 (5% % %), H Al HOTER B OK, B N V82 I R 1) AR 7= AR 1 U Bl 3G I 2 4 = AR i
HERC, 7 B e i 3 A R = M R I i J i b X BBHE S 260% I JE 7K P (InPgdip) e B AR b 38 i 5 1 i) 2%
TS IR VE Y, HL BN 1.3725. A AR HIH 3.5127 1E 1%/K P82, BB K S5 Th A &
JE 12 1 DX (R BRHETBOK -

WAL KT (InUrbRate) 2% 7] 52 135 £ $/9—18.1083 (1% E.3), AMMEAAE . AU R 5
s PSS (InIndStr) U AFFE RS A HOIGRRRE A, 5208 R EON—-2.2126 (10% . 55), TG &35 25 (A i
RNE, P ML 45 R s ORI 2 E R BR T A, AR R IX Sk B B 52 mi s A8 38 7245 7K - (InTraffic)
5T A FE/KF-(InEnvEne) 3= 248 43 7114 0.5120. 0.7579 (341 1% 2.3), 35 3R TH A HBRHE UK, 2316
i AR AR, RS IE @ %5 IREEIA B SN B HE G i B B ) A R BR P, 8 R T RS
DX 35 ) B HE TEUBR BN 4R
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45 Wald a2 iis
MF 8 nLLEH, Wald gt & FFEAE 5%/K - LR, RHS SEM Al SAR #AMLL, Pt
SDM T TEAL

Table 8. Wald robustness test
%< 8. Wald 2141016

156 5 1% it P1{E
Wald-Lag 60.8201 0.0000™™
Wald-Error 109.7756 0.0000™"

W T LT BRI 1% 5% 10%(1) 2 E K .

5. REMEREMEE

FEUE R S e a4 08, (RS DU R XAt . B iRl = R, Br TR H R AR X
SRR s RN B 2 T S SR RUR 5 5 R WA R R 5t o 1k 45 P 2 4 4 SR B R P
W, BRI A RSO 9 P,

Table 9. Classification of cities in Hunan province

= 9. Mg 2 ER

X 45k i
b X BT AT s R
I X Kby BRI W HRRH T, 2T
IR X BEBATT . MBS TS KT
PG X AT € i NI it s /32 A S|

5.1. RRMEIE

LA AR X bR, R 14 DRI e b WIS PG DO X, o3 X
[ R i sl L1 AR 5N | D P N L DN 2 6 6 28 2 VOV S e = N2
572 8] RN 22 5 o

Table 10. Results of the spatial Durbin model for northern Hunan

= 10. M X A= (E)A RARBYLE R

AP ESVIVE L (04 2 B A8 BT WX BB (B B2 BN

InDE é%gﬁ; ?17118728;11) -10.6914 27.0653 16.3739
InPopDen _(%‘;21172% _(4141%52%28% ’ 1336333 4206327  563.2660

InPgdp (12.6502%3; ’1(3236138) 22953 142175  —16.5129
InUrbRate 7(215%;2) 12136%7208005 ’ 77.0232 1278181  204.8413
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gk
—7.5484™ —-18.3187™"
InIndStr (3.0093) (4.2998) —7.1965 —17.6803 —24.8768
. —5.3278"™ —5.5404
InTraffic (1.8382) (3.3052) 5.2238 5.2284 10.4522
0.4859 0.9321
InEnvEne (0.4285) (0.7835) 0.468 0.8957 1.3637

7 ] 1 H % B iﬁ@% - - - -
sigma_u? 0.0000 - - - -
sigma? e 0.0228 - - - -
R? 0.9578 - - - -

ML 10 &, WAL KBRS AR R2 2 0.9578, A HAH R REA R, XU &
AR IRFE . 8722 5 K SR KT- (INDE) A M At il B HE U AN 2 25, 22 R J U 25 D9 18, () HE 0 i R
R, BEAENINIE, AT T R 2 e T A T R HE T

Table 11. Results of the spatial Durbin model for central Hunan
F 11, PR E i RIREER

65 F R REL X A28 B35 WiX HARR [EIEE 2 S
—2.5492 —4.2387
InDE (1.7406) (2.7019) 3.4742 7.7468 11.221
86.5002""" 150.2917"
InPopDen (19.1210) (52.6964) 119.0253 272.4086 391.4340
1.7002" 4.2763"
InPgdp (0.5728) (1.7246) 2.5727 7.3069 9.8796
-18.6109™" -32.8200"
InUrbRate (6.1765) (18.4516) 25.6942 59.3248 85.0191
—0.8724 7.6376
InIndStr (1.9416) (4.6677) 0.4135 10.7698 11.1833
. —0.2057 -1.3273"
InTraffic (0.3801) (0.6174) —0.4541 —2.0801 —2.5342
0.2039 0.0796
InEnvEne (0.2570) (0.2835) 0.2321 0.2365 0.4687
et _— 0.3951™ ) ) ) )
77 H) EAH R R L (0.1626)
sigma_u? 0.0000 - - - -
sigma? e 0.0341 - - - -
R? 0.8862 - - - -

M 11 e PLEH, WAL X AR LA R?  0.8862, =#¥[H] HAH 2% &% 0.3951 H.7E 5% K- i
=, WP BRI AR B B 1E [ 2 ]

. BFETREKF(INDE)AM . % [8)58 B /¥ R 57, (HIGAR
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Table 12. Empirical results of the spatial Durbin model for southern Hunan
= 12, iRt X p = B RARBYSIE A R

/E

fem

InDE

InPopDen

InPgdp

InUrbRate

InIndStr

InTraffic

InEnvEne

2% 1) FAH 5K R 3L
sigma_u?
sigma? e

RZ

RN R X

-8.8935™
(3.1853)

~514.1696"
(268.5904)

—2.9590
(2.7098)

41.2470
(29.4552)

1.3451
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Table 13. Empirical results of the spatial Durbin model for western Hunan
7 13, A X Az A AR R SOIE A R
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= TR RE X 7% B A8 I WX BN (BRI SV

InDE 2(%}1271) (1231277“2%% 19.7321 213339 ~1.6018
InPopDen (21717695’8737) (_1%3749"'503955; 275.1288 1247647 150.3641

InPgdp (_1%3317%5; (_3322329716; -0.3917 -3.3206 -3.7123

InUrbRate (ig:gggi) éi:;g‘gg) 10.8012 24.7967 35,5979
Inindstr (’3391625285) (’713007%3) ~3.4050 124509 -15.8648

InTraffic @03123()1%7) (’()9'7‘;63‘21) ~0.1176 ~0.4803 ~0.5979
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Table 14. Empirical results of the one-year-lagged spatial Durbin model
= 14 BE—ENTEMERE UL
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