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Impact of digital village construction on carbon emissions from planting industry

SHI Zhanwen', JIAO Yufan', CUI Xufeng', JIN Shaojia®

(1.School of Business Administration, Zhongnan University of Economics and Law, Wuhan 430073, China; 2. School of Mathematics and
Statistics, Wuhan Textile University, Wuhan 430200, China)

Abstract: The issue of how digital village construction systematically affects carbon emissions from planting industry is a crucial topic
regarding the effectiveness of agricultural green transformation. This study was based on the panel data of 30 provincial regions in China
from 2011 to 2022. A measurement system for the level of digital village construction was constructed, and the two—way fixed—effect model,
mediation effect model, moderation effect model, and threshold effect model were employed to analyze the impact of digital village
construction on carbon emissions from planting industry. The results showed that digital village construction had a significant inhibitory
effect on carbon emissions from planting industry. For every 1% increase in its level, the carbon emissions from planting industry decreased
by an average of 3.41x10° t. This conclusion remained valid after various robustness tests. Agricultural total factor productivity was the key
mediating variable. Digital village construction indirectly achieved carbon emission reduction by enhancing total factor productivity.
Agricultural public investment positively moderated the emission reduction effectiveness of digital village construction. There was a single
threshold value of 1 293 for the level of agricultural green innovation. After exceeding this threshold, the emission reduction effect of digital
village construction was further strengthened. The study revealed that digital village construction achieved systematic emission reduction
through technological empowerment and management optimization. Considering the above core mechanisms, it was recommended to
formulate a differentiated policy system by focusing on digital infrastructure deployment, total factor productivity improvement, public
investment optimization, and green innovation capacity building to promote the green and low—carbon development of agriculture.
Keywords: digital village construction; carbon emissions from planting industry; agricultural total factor productivity; super—efficient SBM
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Table 1 Indicator system for measuring the level of digital village construction

ik —aikh b o
First level indicator Secondary indicator Indicator description Direction ~ Weight/%
e 2] A LI P 5 KR PSRN EL + 8.35
R oIl 5 2o 5% VI RSTEDRE: 2o LN JIEC Ry + 7.92
Pl TG M EE T AP G N 55 35 3 Kkt + 7.98
AT HL g f K A I 2 A A + 8.96
Z A Bk B A 1 [ ZIARA AR TE DX 7 b el e/ A T R X el + 8.04
CENERY S SR AT BN O + 9.79
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EZ R &g 2 PR YN ES sl AT %L + 7.97
BT B KT AN Ja B AN A8 3E i A 5 + 8.05
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Table 3 Descriptive statistical results of variables

A A SRR e A ¥fH b2 f/MA N1
Variable type Variable name Symbol  Sample size Mean Standard deviation ~Minimum value ~ Maximum value
Pl i RS IR B HE T CE 360 336.489 228.536 14.349 995.729

WO R AR i Hr o MoK DVC 360 0.344 0.127 0.069 0.699

A Al 4 B A ATFP 360 0.438 0.227 0.149 1.048

AR i Al A Hefe Bt API 360 6.158 1.273 0.473 8.507

A A Al 2B HTKF AGIN 360 1650.572 3103.592 7.000 22 737.000

Pt A i B S A F1 FSA 360 0.114 0.033 0.040 0.204

Ll MU BE ADM 360 5.110 2.365 1.615 13.689
PRI R K ER 360 0.014 0.009 0.003 0.094
Tl AR LI 360 0.334 0.080 0.100 0.574
Wb UR 360 0.601 0.121 0.350 0.896
F4 BERFER
Table 4 Benchmark regression results
A it (1) (2) (3) (4) (5) (6)
Variable CE CE CE CE CE CE
DVC ~491.148%% ~507.724%%% ~408.994 %% -378.188%# ~325.149%% ~341.4807%*
(-3.46) (-3.56) (-3.49) (-3.41) (-3.30) (-3.86)
ADM 4,937 4,308 4.369% 4,833k 524555
(2.51) (2.12) (2.29) (3.04) (3.44)
FSA 531.457%%* 524.674%% 573.642% % 574.669% %
(2.58) (2.70) (2.79) (2.83)
ER ~526.2717%% —417.251 % -376.597*
(-2.33) (-2.12) (-1.76)
LI 226.377%* 225.136%
(2.61) (2.79)
UR -216.138*
(-1.72)
i 505.550% % 486.030% 394.915% 392,047 288.83 1% 4220225
(10.36) (10.78) (10.22) (10.40) (5.11) (6.36)
A8 73 B RE R i ] i ] i i
FRF I [ 5 500 i ] i i T ]
N 360 360 360 360 360 360
R 0.991 0.991 0.992 0.992 0.992 0.993
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Note : t—values are in parentheses; ***,** and * indicate significant at the 1% ,5% ,and 10% level, respectively. The same below.
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Table 5 Results of robustness test

(1) (2)

o wgaE s weeoem Q)

Viile Replace the Lag effect @ﬁiﬁ%
measurement method processing CE
CE L.CE
Dve ~306.892%*
(FWo3 o3 Hris) (-2.57)
Dve —350.038%#%  —359.156%%%
(-3.93) (-4.14)
R 530.197#5 467.767%5% 436937
(4.66) (7.00) (6.05)
P A ] T i
A oy I8 E UL i i i
FF I [ 52 25007 ] i i
N 360 330 360
R 0.992 0.993 0.993
FT6 RN LER
Table 6 Results of mediation effect test
iy (1) (2) (3)
Variable CE ATFP CE
DVC ~341.480%%* 1.005% % ~253.666%+*
(-3.86) (3.24) (-2.91)
ATFP -87.341%%
(-2.10)
izt 422,027 0.095 430.280%
(6.36) (0.18) (6.61)
il A il i il
G 3 1] 7 RO il i il
FRF [ [ 5 500 il i il
N 360 360 360
R 0.993 0.941 0.993
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Table 7 Results of moderation effect test

At (1) (2)
Variable CE CE
Dve ~341.480% ~359.448s
(-3.86) (-3.98)
DVCXAPI -41.676**
(-2.15)
WO 422,022 355.666%
(6.36) (4.75)
P s ikl il
B 53 I E R Pl il
I o A3 ikl il
N 360 360
R 0.993 0.993
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Table 8 Regression results of single threshold model

A AGIN
Variable CE
DvVe ~206.565%%
(AGIN<1 293) (-2.81)
pvc —273.847k
(AGIN=>1293) (-3.95)
gl 396.594 %
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P A i
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N 360
R 0.578

4 Hit5EN

4.1 ig

()BT 2 b e A i HE i E A B 1 B
AT . FES T — R IER I 5 X 451K
SRINT o BRME NS5 SRR U], 807 9 M aRoK-F- AR
T+ 1% , BRI A HE R IR 3.41x10° to X UESE
THCFHOATE AWK 3 AR RERE | el AT
5| FAERAL, BENS R GUTE MR AE AR L S (A ARRRGE T

(2) 807 & b R BEE o PRI 4 B A 7 44 )
FESEIRBIHE . A RO A B R BT Rl AR AR
FRRRENE IR BPBEARE S B R
Hesh BT ALHT, BT TR A 7R, i
T 308 3 5 5 28 800 A A B Al 1) 58000, 1) 422 52 35
T ALY B HEY RGN

()M A ARG R4 T IE M PAEA . P14
— 1600 —

INRESICEAR S I/ S a A T PO STl G e T )0 TN
R AR A B AR 5 A W [ 3 28 0 245 45 0750, A2
R T 807 & RHE BRI HERE , —F A7 18 R
PRI

(4) 87 2 R BRI Z B 2 BT K
SRR IR RE G B — TR 1 293,
Ak AT R B AZ T TS 807 £ R
BRI BB . XN TR ROR S )]
BATAER BRI R, A Sk @ lEr e I LR 2 —
TE BEL , By -BoR IR A BER S Mk
4.2 #EiX

CIFFEEAHE R R Al 15t e P49 45 A1 Jg 5 B
o B GBUR BRE ARSI R AT HBIX 56 2% )
R P00 32 J25 M 0 25 i TR Rt Bt A B, P S i
FAO T XN T . 5 R HE S BT PR
RETHETBE VTG 3 L3 A 000 25 O SRR HE B 15 1
TRIEIL T, 75 S0 I Y “ B it

(2) S AS T 42 B3R AR 7 A A B A B
M TR IR SR I T B P B AU , B 1) 3 4
A= At R A T B A B REAL RS GE . SR
RASGHENT R RBE A AL REDCR R 450, B IR
FURACIEA ST AR AR 7™ A g e B A 7 R
FETHE R 2B IR HEREFE A% oA

)AL A L BT L 1, 56 Al G K7 i i L
FHER o RIS H 7 S BB R, DA = e i A
MEESER LV ES e S0 AV S S22 SN (8 =gl 1B =
FHTFAMUA P2 2R FHR REACAIL 19 7K E i 5 5 IR AR
TR I T BUN AR P B I o B B,
e RAG A SEE B IR 15 3 4

(4) 572 it 25 57 1) DX ISR, B SR A (5 1R
I X TS A BIHTK PR T T TR E A X, B
SR T AN 5 | A S Ak B R
T i Al 2k G R AT A B AR B AR MBI HT e
XTI K P50 v 4 DX DU R R,
JECT AR S A B S, TH R BB S i
ik it o | T BB AR AR G5 45 1) 58 AR DR T 58, TR0 KA
LB B AR A8 R AL DR HE R

Sk

[1] % SE 5, A0 A, 1K, 45 . B0 A 25 SO i i) BE QB i
2 B PR IR TR RE B AR A )], P R Tl 22 5, 2024 (11) £ 62-80.
HAN X F, GOU Y N, XIAO Y F, et al. The power of institutional
innovation in the construction of digital ecological civilization: a

perspective of policy synergy empowerment[J]. China Industrial

http://www.aed.org.cn



B % T S ARG AR A ERHE A A R

2025 11 B

Economics, 2024(11) :62-80.

(2] EERIAR, 1B, XG0 . ik A5 R8O AL B £ R M e 7L 1
B SRR AR B0, 2023(3) 1 121-132. HANX D, LIU C,
LIU H G. The theoretical logic and practical path of the digitalization
of the whole agricultural chain to promote the transformation of rural
industries[J]. Reform, 2023(3):121-132.

[3] RABIYA A, PABLO M, RAFIQ A. The digitization of agricultural
industry: a systematic literature review on agriculture 4.0[J]. Smart
Agricultural Technology, 2022, 2:100042.

[4] BT 0, B PRAR . BT S R BB A AR A B B HE RUAS 1 52 IR < B
B ISIEN] H EA R - BHE S FR, 2025, 35(2):78-87. HUJF,
HUANG Q H. Impact of digital village construction on carbon
abatement costs in agriculture and rural areas: mechanisms and
empirical evidence[]]. China Population, Resources and Environment,
2025, 35(2):78-87.

(5] B0, fili 2, sk, 45 . 1 =yl DRh R I B HE AT 25 Sh 254 =y K
W HE % A (0], A% ke B R 5 R 5 o 4T, 2025, 421(2) £ 505 - 517.
HUANG N, NI'Y Z, ZHANG M, et al. Spatio—temporal dynamic pattern
and emission reduction pathways of carbon emissions from the
cropland production system in the Yangtze River Delta region[J].
Journal of Agricultural Resources and Environment, 2025, 42(2) : 505-
517.

[6] ZITO F, GIANNOCCARO N I, SERIO R, et al. Analysis and
development of an IoT system for an agrivoltaics plant[J]. Technologies,
2024, 12(7) : 106.

[7] LAJOIE-O"MALLEY A, BRONSON K, VAN DER BURG 8, et al. The
future (s) of digital agriculture and sustainable food systems: an
analysis of high-level policy documents|]J]. Ecosystem Services, 2020,
45:101183.

[8] MA D, ZHU Q. Innovation in emerging economies: research on the
digital economy driving high—quality green development|[]]. Journal of
Business Research, 2022, 145:801-813.

[91 TS, X, ARAREL . o b Il e HE T i BE IS4 e i K B 5
PR BEFE (). o Aol B2 IS5 X Jl, 2022, 43(5) : 1-11. DING B
G, ZHAO Y, DENG J H. Calculation, decoupling effects and driving
factors of carbon emission from planting industry in ChinalJ]. Chinese
Journal of Agricultural Resources and Regional Planning, 2022, 43
(5):1-11.

[10] 5 S5, A, B, &5 . of B R Il e 2 SR 0 53 R 45 TE] e 85

PE[IL PN E - B SR, 2021, 31(6): 113-123. WU H Y,
HE Y, HUANG H J, et al. Estimation and spatial convergence of
carbon compensating rate of planting industry in China[J]. China
Population, Resources and Environment, 2021, 31(6) : 113-123.
(VT 55, f/INE, TR, 45 o R e A 7 38 2 [] I S
RS B2 2 A )], PR E - B PR, 2020, 30(5) 14657,
WU G Y, SUN X J, YU F B, et al. Spatial correlation pattern and
influencing factors of China’s crop production carbon productivity[J].
China Population, Resources and Environment, 2020, 30(5) :46-57.
[12] 7 2558, TRERFS . AT FiRe Il i HE O8O3 2 ] ST ) 265 45
¥ K s R AR 9 25 41, 2023, 38(3) : 675-693. JI X Q,

ZHANG Y S. Spatial correlation network structure and motivation of

http://'www.aed.org.cn

carbon emission efficiency in planting industry in the Yangtze River
Economic Belt[J]. Journal of Natural Resources, 2023, 38(3) : 675—
693.

[13] 2=, JAHg, SR/, 45 I PG R 2000—2020 44k ek
23 AR IE B FCSE ) LR 2R [0, A0l BE RS PR A3, 2023, 40(4)
940-952. LI M D, ZHOU D M, ZHU X Y, et al. Spatial-temporal
characteristics of agricultural carbon emissions and influencing
factors in the Hexi Corridor from 2000 to 2020[]J]. Journal of
Agricultural Resources and Environment, 2023, 40(4) :940-952.

[14] BA B, B, LU 87 & FH 2 BeRE T 4 /N 2 WA 228« St
TP BB HE A oA 0T TR ARONE ) SRR B0 (. Aolk B AR 22,
2024(12):4-24. XU C Y, QIAN C, KONG F B. Can digital village
construction narrow urban—rural income gap: an empirical test based
on the mediating and threshold effect of agricultural scientific and
technological progress[J]. Journal of Agrotechnical Economics, 2024
(12):4-24.

[15] FLAEZE, FAC A, XUTA, 45 B0 S ARl S 0 R A 77 58
14 R R ELAE LA (D). TR AT - SRR BR B, 2023, 33(2)
165-175. DU J J, ZHANG Y D, LIU B M, et al. Impact of digital
village construction on agricultural green total factor productivity and
its mechanisms|J]. China Population, Resources and Environment,
2023,33(2):165-175.

[16] LIU B, ZHAN J, ZHANG A X. Empowering rural human settlement :
digital economy’s path to progress|J|. Journal of Cleaner Production,
2023, 427:139243.

(7] 6 A, BREEMG. J5 70 . 80T £ W ierg it )1 & R Ak i (g
b7 BEF R AL~ 09 BRI PG E - 5P S PR,
2024, 34(12) : 167-179. XIE B S, CHEN N P, ZHOU Z W. Can
digital rural construction help promote inclusive and green growth in
rural areas: causal inference based on dual machine learning[J].
China Population, Resources and Environment, 2024, 34(12) : 167—
179.

(18] RLLAR, BRIE . b R S A A S KO- BE st 2 Y 718 R At
A2 1), ARl 22 3% 1) {8, 2023 (3) :21-33. ZHU H G, CHEN H.
Measurement, spatial — temporal evolution and promotion path of
digital village development in Chinal]]. Issues in Agricultural
Economy, 2023(3) :21-33.

[19] BT, 1476, S, 55 A5 AR 7 ARl AR 7R ). e 4k
K235, 2019(4) :22-40.  ZHU Q B, BAI J F, PENG C, et al. Do
information  communication  technologies improve agricultural
productivity[J]. Chinese Rural Economy, 2019(4) :22—40.

[20] HIF5H, 24 . B P R IRE S IR 22 T 4 B0 4 Je - 6 T AR AR RS N 2
R HLS ) A BT HE SR A R B, 2022, 38(5):56-73.  TIAN X
J, LI R. Digital technology empowers the transformation and
development of real economy: an analysis framework based on
Schumpeter’ s endogenous growth theory[J]. Journal of Management
World, 2022, 38(5) :56-73.

[21] HE Z M, CHEN M L, GU D M. How digital village construction
affects to the effectiveness of rural governance: research on the NCA
and QCA methods|J]. Cities, 2025, 156:105514.

[22] WANG L, CHEN Y Y, RAMSEY T S, et al. Will researching digital

— 1601 —



RUFREMMEFHR -FE 25 - F ol -BL

technology really empower green development[]J]. Technology in
Society, 2021, 66:101638.

[23] SHI P H, HUANG Q H. Alignment of words and actions government
environmental attention and enterprise digital transformation[J].
Technological Forecasting & Social Change, 2025, 210:123888.

[24] BB, TRk, 18 R I8 BT AT SO AR AR R
IR B LA D], AR AL R A i (R B2 R, 2025
(2):15-27. GONG Q L, QTAO T, LENG Y T. Digital economy and
agricultural total factor productivity: from the perspective of
technological progress and factor flow[]]. Jowrnal of Huazhong
Agricultural University(Social Sciences Edition), 2025(2) : 15-27.

[25] BRI0H), B, R~ . & R 2 DR IRRE Al 42 23R 7 28 THY
ZOUHRAR BT UL AR S PRI B AL AR AT (D). R R 22 5
2024(10) : 84-103. XU X C, YANG W, WU B. Multiple pathways
for rural digital economy empowering agricultural total factor
productivity : a configuration analysis based on county—level data from
Zhejiang Province[]]. Chinese Rural Economy, 2024(10) : 84-103.

[26] 557 Bk, JE I e e b Bl HE ik 1 5 4 A e e RE AL,
Al 2 [ #2014, 35(7) : 18-26.  ZHANG G S, WANG S S.
China’ s agricultural carbon emission: structure, efficiency and its
determinants[J]. Issues in Agricultural Economy, 2014, 35(7) : 18-26.

[27] Hz, a6 5 i A RRAHE AP A IR | S A i ik B 3
fi1] g5 HHASORE[T). v L AR 425, 2022(3) 1 104-127. TIAN 'Y, YIN
M H. Re-evaluation of China’s agricultural carbon emissions: basic
status, dynamic evolution and spatial spillover effects[J]. Chinese
Rural Economy, 2022(3) : 104-127.

(28] HI 2, B . By 2 e X AR M BRHE I3 1) B A FHALTRI AR E L)), 2
#2024 (9) : 84-99. TIAN Y, LIAO H. The influence and
mechanism of digital economy on agricultural carbon emission[J].
Reform, 2024(9) : 84-99.

[20] FRR X, iy . B g B Al 2 (0. 28 D8R 1 S A FAR -
BE T VAT B A RON AT [T, A PR K 2 A R (SR
M), 2025, 39(2):130-140. XU J W, WANG R X. Impact of digital

inclusion financial on the efficiency of agricultural green economy :

— 1602 —

based on a moderated intermediary effect model[J]. Journal of
Huazhong University of Science and Technology (Social Science
Edition), 2025, 39(2) : 130-140.

[30] 5T, sk 1#, JI AR . BT & A EEBON AR RIS B2 - JE Tl A
AP SUCAZER I )] R T 2441, 2023, 22(3) : 350~
358. ZHANG Y, ZHANG B, ZHOU Y H. Impact of digital village
construction on farmers’ income: based on the perspective of income
level and income structure[J]. Journal of Agro —Forestry Economics
and Management, 2023, 22(3) :350-358.

[31] XUk, B . SRR AR X Al AR A R (R 52 0 < BT
A PR 2 A 2RISR Y SETIELD]. Al BT IS BRBE A, 2024,
41 (5) : 1211 - 1219. LIU A Z, YANG S G. Impact of rural
digitization on agricultural green and low — carbon development:
empirical evidence based on coupled coordination degree and
mediation effect models[J]. Journal of Agriculiural Resources and
Environment, 2024, 41(5) :1211-1219.

[32] X4k, Z2Le e . WUk F AR T I b4 Al Af SR A8 23 ik R
TE K 58 i IR 2R [0, Al B 5 PRAR 27 4, 2025, 42(3) £ 792-803.
LIU J W, JIANG A L. Characteristics of spatial and temporal
evolution of agriculture eco—efficiency and the influencing factors in
Hebei Province under the goal of “carbon peaking and carbon
neutrality” [J]. Journal of Agricultural Resources and Environment,
2025, 42(3):792-803.

[33] Ml zx, SR, BRI . B 2 e 0 AL B O8O B S - 3 T
I IR 28000, A 2 T Vi 1 200 A 36 (0. ARl B AR 283, 2024 (11)
89-107. TIAN Y, CAI Y R, ZHANG H J. The impact of digital
economy on agricultural carbon emission efficiency: based on
threshold effect and spatial spillover effect test[J]. Journal of
Agrotechnical Economics, 2024(11):89-107.

[34] I ERL Wil A4 I = b XA S A 25 TR A% Ry K 52 i ]
R[] BIRBHR AR, 2022, 37(6) : 1494-1506.  YIN S G, YANG
S, LI Z J. Spatial pattern and influencing factors of ecological
urbanization in the Yangtze River Delta[J]. Journal of Natural

Resources, 2022, 37(6) : 1494-1506.

http://www.aed.org.cn



