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Abstract: Under the dual strategic imperatives of achieving the “carbon peak and carbon neutrality” targets and
implementing comprehensive digital transformation, an in—depth exploration into how the digital economy empowers
agricultural carbon emission reduction is conducted, and its specific operational pathways are clarified. Such
investigation is recognized as holding substantial importance for advancing digital transition in the agricultural
sector and promoting development along a low—carbon trajectory. This study focuses on the eighteen cities of Henan
Province as analytical units and adopts a comprehensive theoretical framework that integrates direct effects,
mediating transmission, and threshold conditions. Methodologically, an integrated approach combining fixed effects
models, mediation models, and threshold regression models is employed to empirically investigate the mechanisms

and the distinct phased characteristics through which agricultural carbon reduction is influenced by the digital
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economy. The key findings are summarized as follows: (D Agricultural carbon emission intensity in Henan Province
is observed to exhibit a consistent and statistically significant declining trajectory from 2011 to 2023. Moreover, a
comparative assessment reveals that the magnitude of reduction during the second phase (2017-2023) is found to be
substantially more pronounced than that observed during the first phase (2011-2016). @ A significant and
statistically robust inhibitory effect on agricultural carbon emission intensity is demonstrated by the development of
the digital economy. However, the strength of this direct suppressive influence is determined to be more potent in
the initial phase relative to the subsequent phase. 3) Mechanism analysis reveals that the carbon reduction effect
exerted by the digital economy demonstrates distinct evolutionary characteristics in its transmission pathways.
During the first phase, the digital economy primarily achieves emission reductions through direct effects. In
contrast, during the second phase, the level of urbanization emerges as a significant partial mediator in the process
through which the digital economy promotes agricultural carbon reduction, with this indirect pathway accounting for
approximately 41.85% of the total observed impact. @ Threshold effect analysis provides further nuanced insights.
No statistically significant threshold characteristic is exhibited by agricultural economic development level in the
first phase. In the second phase, however, a significant double threshold effect is identified. This result indicates
that the carbon reduction efficacy of the digital technologies becomes contingent upon reaching a critical level of
agricultural economic maturity. When agricultural economic development level surpasses the threshold of 11 280
yuan per person, the carbon mitigation potential of the digital economy is fully activated and subsequently exhibits a
self-reinforcing, progressively strengthening pattern with further economic advancement. By clarifying the dynamic
mechanisms through which the digital economy influences agricultural carbon reduction and identifying the critical
stage—specific constraints governing this relationship, this study contributes to a deeper theoretical understanding of
the interconnection between digital economic development and agricultural decarbonization. Furthermore, the
findings provide a solid empirical foundation and serve as actionable, evidence—informed references for formulating
differentiated policy frameworks and strategic measures aimed at effectively promoting low—carbon development in
the agricultural sector.
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Fig.1 Theoretical framework of digital economy promoting

agricultural carbon emission reduction
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Tab.2  Evaluation index system for the development level of digital economy
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Tab.3  Descriptive statistics of key variables
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Fig.2  Agricultural carbon emission intensity in

Henan Province from 2011 to 2023
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Fig.3 Trends of carbon emissions and carbon source distribution

in Henan Province from 2011 to 2023
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Tab.5 Results of instrumental variable regression

5k ACI
2011—2016 4% 2017—2023 4§
0.001°""
Vi (4.82)
0.001™"
vz (3.99)
DE -0.524"" -0.319"
(-2.95) (-2.00)
2 i A = b= = 2
FIsF ] i1 72 2850 o7 = b= = =
AR E R = = = b=
Kleibergen—Paap rk LM 3.524° 12.810™
{0.0611 {0.000}
Cragg-Donald Wald F [4 186?3885} [2126.53189J
FEAE A 108 108 126 126
R? 0.989 0.956 0.978 0.909

7 : {} N Kleibergen—Paap rk LM H5IAS R AG 3 1 p 8 L1 h
Cragg—Donald Wald F 55 T B AF 5 45 36 7E 10% /K F b Al SR 5+
o e R ERAIE 10%5% 1% KE 158 3E 3755 W obRiEs .

122 5 AT 50, 78 TR A A B, 2011—2016 4
Kleibergen—Paap rk LM 4t i & 4 3.524 (p<0.1) ,
2017—2023 4 Kleibergen—Paap tk LM % it & A
12.810 (p<0.001) , 35 45 26 “ P 51 A 2 7 19 J AR %
7E 991K B K 56 tF, 2011—2016 4 A1 2017—2023 4
) Cragg—Donald Wald F 4t i & 4 %] A 48.885 Al
22.519, ¥ KT 10% 7K 7 E (1l S48 , 46 46 55 T A
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Tab.7 Results of mediating effect
UR ACI
AR i 2011— 2017— 2011— 2017—
20164F 2023 4F 20164 2023 4F
0.365™ 0.092" -0.436™"  -0.233""
DE
(21.66) (2.86) (-9.81) (-4.02)
-0.186 -1.060""
UR
(-0.65) (-7.31)
s il A ik = = & &
s 1] [ 7 5517 = P P =
AR 3 5 R = ps & &
FEA KA 108 126 108 126
R? 0.946 0.462 0.669 0.717

2 e AR AE 10%.5% 1% HKT L2 2%, 455 A Y
PRER .

B LR R A RS 5K [ it AR AR AL, S &
BFNT iz R g RSl m E R
2011—2016 4F , B 248 5% 8 Wy v 7 3 2 55 7 sCHtEB)
WA AR 5K, (5 R B B 3 BB Ak ) 2 T b R
N VB AR K, LR Ah i 5 4 R EE T
REA 55 , M LA % S 8 & 5 A0l A2 7= 5 R IR
SERIRI AR FH . 2017—2023 4F , £ 2020 4 37 7Y
WAL WA 2 Rl K R AT S5 ) S BUR HES)
T AL AR I ) S R T R, AT &
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Tab.6  Results of robustness tests
. ACI
2011—20164F 2017—2023 4F 2011—20164F 2017—2023 4 2011—20164F 2017—2023 4F
DE -0.466"" -0.230"" -0.423"" -0.237"" -0.449"" -0.325""
(-8.73) (-3.82) (-9.31) (-4.29) (-11.12) (-4.88)
-0.243 0.957""
GOV
(-1.30) (3.35)
— 0.007 -1.375 0.128 -1.569 0.065 -0.248
(0.03) (-1.82) (0.69) (-4.26) (0.45) (-1.42)
P AR S = S = = =
Fisf T 1 2 2850 1 = = = =
AR E RN 2 = b P
FEARZUAS 102 119 108 126 108 126
R? 0.639 0.605 0.673 0.612 0.663 0.264

ek R IR RTE 10%5% 1% HI7KF 182 565 0 bRt
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Tab.8 Results of the threshold effect

1%l 5%IE  10%If

gl AL P pfE i RE e

2011—2016 FA[THE 1094 0.214 28.756 19.370  15.042

B 5629 0.000
ML 5020 0.000
=T 19.06 0.910

36.254  27.736  24.633
27.578 27.578 17.556
61.739 61.739 47.733

2017—2023

F9 20172023 F£[THEEIIFLE R
Tab.9 Threshold regression results from 2017 to 2023
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