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Agricultural carbon emissions is one of the most important part of global greenhouse 
gasses, its governance is an significant action to deal with climate change and achieve 
SDG13. This study takes China, a large agricultural country, as an example. Using 
China’s provincial panel data from 2011 to 2021, the study empirically examines 
the relationship between the digital economy and agricultural carbon emissions, 
as well as its characteristic fact through a two-way fixed-effects model. It also 
explores the intrinsic mechanism of the two key variables from the perspective of 
government finance through the model of moderating effects. The conclusions 
indicate that: the increase of the level of digital economy within the station has 
a notable inhibitory effect on the agricultural carbon emissions; in terms of the 
temporal effect, the inhibition of the digital economy on the agricultural carbon 
emissions is not only reflected in the current period, but also in the next two periods; 
In relation to the spatial heterogeneity, the effect of carbon emission reduction 
in the agricultural field shows the following characteristics spatial distribution, 
the reduction effect presents the spatial distribution characteristics of “west > 
east, central is not obvious,” “the north is significant, the south is vice versa”; As 
for influence mechanism, the government’s financial support in environmental 
protection and financial support in the field of science and technology positively 
catalyzes the suppression effect of the digital economy on the agricultural carbon 
emissions. The mechanism of influence, There is an intermediary way to reduce 
the use of agricultural chemical fertilizers and increase the yield of agricultural 
products in the inhibitory effect of digital economy on agricultural carbon emissions. 
in addition, the government’s financial support in environmental protection and 
financial support in the field of science and technology have positively catalyzed 
the carbon reduction effect of digital economy in the field of agriculture, which 
provides empirical evidence for exploring the carbon reduction path of agricultural 
digital transformation and the synergistic effect of “policy technology” in sustainable 
agricultural development.
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1 Introduction

The unprecedented ramifications of escalating global temperatures 
and climatic extremes are posing formidable challenges to both 
terrestrial ecosystems and human civilizations. Anthropogenic 
greenhouse gas (GHG) emissions stand as the primary culprit behind 
this global thermal anomaly. The AR6 Synthesis Report1: Climate 
Change 2023 elucidates that human-induced factors have precipitated 
a 1.1°C surge in global mean temperature, catalyzing a cascade of 
environmental perturbations, including oceanic expansion, 
acidification of marine habitats, sylvan degradation, and aridification 
of landscapes. These transformations portend grave implications for 
both anthropogenic and natural systems. In this milieu, agriculture, 
the bedrock of human sustenance, emerges as a pivotal contributor to 
carbon fluxes throughout its evolutionary trajectory. Food and 
Agriculture Organization (FAO) data reveal a 17% escalation in global 
GHG emissions associated with agrarian practices and food 
production over the past three decades. Global food production is 
heavily dependent on fossil fuels, causing serious environmental 
problems. Moreover, carbon efflux from agricultural endeavors has 
assumed increasing significance in exacerbating climate change. 
SDG13 requires countries to clarify their carbon reduction pathways 
and promote emission reduction efforts through funding and 
technology transfer. Consequently, the mitigation of these emissions 
has become a focal point of global scientific inquiry, aimed at 
attenuating the ramifications of extreme climatic fluctuations.

As an agricultural juggernaut, China has consistently prioritized 
the advancement of its agrarian sector. Agriculture exhibits a dual 
attribute as both a carbon source and sink, exerting a profound 
influence on global climate dynamics. Chinese agricultural GHG 
emissions constitute 17% of the global aggregate, ranking second only 

1 The IPCC finalized the Synthesis Report for the Sixth Assessment Report 

during the Panel’s 58th Session held in Interlaken, Switzerland from 13 to 19 

March 2023.

to the energy sector, and demonstrating an average annual growth rate 
of 5%. This predicament has catalyzed governmental prioritization at 
the policy echelon. The recently announced “14th Five-Year Plan for 
National Green Agricultural Development” (which is China’s major 
development plan to speed up comprehensive green transformation 
of agriculture) outlines ambitious targets for 2025, including 
substantial promotion of environmentally friendly farming practices, 
coupled with significant improvements in reducing emissions and 
enhancing carbon sequestration abilities. In light of this, agricultural 
carbon abatement has surfaced as a crucial approach for balancing 
economic gains with ecological conservation, reinforcing the 
resilience of the agrarian sector and paving the way for sustainable 
agricultural progress.

Since the inception of Chinese “12th Five-Year Plan,” China’s 
agricultural sector has orchestrated and implemented a comprehensive 
suite of initiatives centered on the tripartite objectives of “one control, 
two reductions, and three fundamentals.” These endeavors focus on 
regulating agricultural water consumption, curtailing fertilizer and 
pesticide application, mitigating livestock and poultry effluents, 
promoting the recycling of agroplastics, and suppressing straw 
incineration. The overarching aim is to catalyze a verdant and 
low-carbon metamorphosis of the agricultural landscape while 
decoupling food security from carbon emissions. In 2022, China 
promulgated the “Implementation Plan for Agricultural and Rural 
Emission Reduction and Carbon Sequestration,” a strategic blueprint 
designed to augment soil carbon sequestration capacity, establish a 
robust action framework for the “dual carbon” goals, and achieve 
substantive progress in agricultural sustainability initiatives. This plan 
represents a significant stride toward harmonizing agricultural 
productivity with environmental stewardship. Notwithstanding these 
laudable efforts, the path toward agricultural carbon abatement 
remains fraught with multifaceted challenges. The constraints 
imposed by the exigencies of large-scale production, the insufficiency 
of foundational infrastructure for carbon sequestration, the inherent 
heterogeneity of agricultural production processes collectively present 
formidable obstacles. These impediments underscore the complexity 
of transitioning toward a more sustainable agricultural paradigm and 
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highlight the need for continued innovation and adaptation in policy 
and practice.

The current global energy crisis presents a dual feature of rising 
fuel costs and fragile supply chains, which forces the agricultural 
system to accelerate technological innovation to reduce dependence 
on fossil fuels and carbon emissions intensity in agricultural 
production. Meanwhile, the rise of new economic forms centered on 
digital technology has provided a way to agricultural modernization. 
Digital agriculture, smart agriculture and digital countryside and 
other new models emerge in the field of “three rural,” innovation in 
modern agricultural production technology, empowered by the 
development of agricultural mechanization, leading the quality and 
efficiency of agricultural production. However, in the exploration of 
agricultural intelligence, can digital technology become a subversive 
key technology to increase production and reduce emissions? Can 
digital economy be an effective tool of agricultural carbon emission 
reduction? Can new industries be  used to empower the cause of 
carbon emission reduction? Faced with the global commitment to 
building a community of human destiny and addressing climate 
change, this study investigates and answers the above questions, to 
explore the win-win situation of “emission reduction and efficiency 
improvement” in the agricultural field through digital means, and to 
provide empirical evidence for exploring the carbon reduction path of 
agricultural digital transformation and the synergistic effect of “policy 
technology” in sustainable agricultural development.

2 Literature review

Agricultural carbon emissions, as critical anthropogenic 
contributions to atmospheric carbon flux, have increasingly garnered 
scholarly attention. This research area is vital for achieving China’s 
“dual carbon” goals and facilitating the transformation of agricultural 
economic paradigms. The body of pertinent studies mainly focuses on 
four key aspects: measuring agricultural carbon emissions, clarifying 
their spatiotemporal distribution characteristics, identifying 
influential determinants, and developing carbon mitigation strategies.

Given the expansive scope and intricate production processes 
inherent in agricultural carbon emission calculations, and 
constrained by data availability, domestic and international scholars 
have concentrated their efforts on six primary carbon sources for 
quantifying agricultural carbon emissions: fertilizer application, 
pesticide utilization, agroplastic deployment, agricultural diesel 
consumption, soil tillage practices, and irrigation systems (Wu et al., 
2014; Liu and Gao, 2022; Koondhar et al., 2021). Analytical findings 
reveal that agriculture has become the second-largest contributor to 
global carbon emissions, highlighting the pressing need to promote 
agricultural carbon reduction measures for implementing global 
carbon constraint policies and mitigating the climate crisis (Liu and 
Yang, 2021). Since 2000, China’s agricultural carbon emissions and 
agricultural output value have shown a positive correlation, 
generally exhibiting a trajectory of initial increase followed by 
subsequent decrease. The spatial distribution of these emissions is 
characterized by a gradient of diminution from east to west across 
the country (Su et al., 2023; Yang et al., 2022; Zhang et al., 2022). In 
recent years, China has actively pursued strategies to balance 
agricultural carbon emission intensity with the goal of ensuring a 
stable and secure supply of staple grains and key agricultural 

products. From an inter-provincial perspective, robust spatial 
interconnections and spillover effects in agricultural carbon 
emissions have been observed among China’s provinces (Liu and 
Yang, 2021). With respect to watershed distribution, empirical 
studies reveal that agricultural carbon emissions in downstream 
areas surpass those in upstream and midstream regions (Liu and 
Gao, 2022).

The multifaceted nature of agricultural carbon emissions has 
prompted extensive scholarly investigation into their underlying 
determinants and potential mitigation strategies. A comprehensive 
analysis of the current landscape reveals a complex interplay of factors 
influencing agricultural carbon flux. Several studies have elucidated 
that the intensification of agricultural specialization correlates 
positively with elevated carbon emissions. This relationship manifests 
through enhanced mechanization and increased utilization of 
fertilizers and agricultural inputs, consequently amplifying the 
magnitude of agricultural carbon emissions (Wang et al., 2022; Raihan 
and Tuspekova, 2022). Furthermore, a constellation of factors 
including industrial structure, economic growth trajectories, public 
environmental consciousness, transportation infrastructure scale, 
agroplastic utilization, and energy inputs have been recognized as 
major factors driving the increase in carbon emissions from 
agriculture (Raihan et al., 2023; Cao et al., 2023; Zhu et al., 2023; Wang 
et al., 2024; Zhao et al., 2018; Tongwane et al., 2020). Building upon 
these insights, researchers have pivoted their focus toward the 
formulation of carbon abatement measures. Empirical evidence 
suggests that alleviating rural energy poverty can have a suppressive 
impact on agricultural carbon emissions, with this suppression effect 
significantly moderated by resource endowment. High resource 
endowment has been observed to positively catalyze the carbon 
reduction efficacy of energy poverty alleviation initiatives (Li J. et al., 
2023). Moreover, the implementation of judicious agricultural 
policies, particularly those involving financial support mechanisms, 
has demonstrated efficacy in promoting carbon reduction (Du et al., 
2023; Ganda, 2023). Environmental regulations, farmland transfer 
schemes, land hardening practices, green technology innovation, and 
clean energy substitution have also been identified as notable 
contributors to agricultural carbon abatement efforts (Janus and 
Ertunç, 2023; Shabbir Alam et al., 2023; Li L. et al., 2023; Liu et al., 
2021; Zhang et al., 2024).

The international energy crisis and carbon neutrality goals have 
forced technological innovation in the agricultural sector, and the 
development model of precision agriculture driven by intelligence and 
data has provided a new path to reduce the dependence of agricultural 
production on fossil fuels, improve energy efficiency, and reduce 
carbon footprint (Costa et  al., 2023). On one hand, the digital 
economy fortifies the foundation for agricultural carbon abatement by 
fostering technological innovation and facilitating industrial structure 
transformation and upgrading (Turid et  al., 2022). Agricultural 
digitalization augments resource utilization efficiency, enabling 
agricultural production activities to strike a balance between scale 
benefits and emission reduction imperatives (Fan et  al., 2023). 
Furthermore, research has illuminated that technological progress and 
increased investment can attenuate agricultural carbon emission 
intensity through the mediating pathways of enhanced human capital 
and elevated urbanization levels. The emission reduction effects 
engendered by digitalization in the agricultural sector exhibit sectoral 
heterogeneity, specifically manifesting in distinctive characteristics 
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across crop cultivation and animal husbandry domains (Zhao et al., 
2023; Wei Z. et al., 2023; Liu and Yang, 2021).

Amid the shift toward a digitalized economy, China seeks to forge 
an innovative path for agricultural advancement that balances food 
sustainability with environmental stewardship. Current scholarly work 
on emissions largely centers on quantification, patterns, and causal 
factors. Analyses of digital economic impacts on carbon output 
typically adopt a broad macroeconomic lens, with limited sector-
specific scrutiny. This study’s novel contributions are threefold:

First, it examines the intersection of digital transformation and 
farm-related emissions, aiming to uncover cutting-edge strategies for 
mitigation in the agricultural sector, systematically explained how the 
agricultural sector can achieve a win-win situation of emission 
reduction and efficiency improvement through technological 
adaptation, providing a feasible micro path for agricultural 
carbon neutrality.

Secondly, through an assessment of diffuse agricultural pollution 
sources and associated quality and efficiency targets, this research 
explores how digitalization influences fertilizer usage and crop yields, 
By incorporating non-point source pollution into the analysis 
framework, it identified the intermediary transmission chain of 
“technology adoption → resource optimization → carbon reduction” 
in the agricultural sector.

Thirdly, from the perspective of government intervention, the 
strengthening role of ecological subsidies in the relationship between 
“digital technology emission reduction performance” has been 
verified, and the synergistic effect of policies and technology in 
sustainable development has been elucidated.

This investigation offers fresh perspectives for China and beyond 
on leveraging digital advancements to simultaneously reduce 
agricultural emissions and boost productivity, underpinned by 
strategic fiscal support.

3 Impact mechanism and research 
hypotheses

3.1 Impact mechanism

Amidst the global warming crisis, agriculture must undergo a 
transformative phase, shifting from “polluting” practices to 
“environmentally friendly” approaches and reducing carbon 
emissions. This imperative has led to the emergence of the low-carbon 
agriculture theory. This concept emphasizes sustainable development 
in the agricultural sector, seeking to explore efficient and 
low-consumption modern agricultural models through technological 
advancements, paradigm shifts, and industrial transformation (Sui 
et al., 2024). The theory advocates for a comprehensive approach to 
revolutionize agricultural practices, focusing on minimizing 
environmental impact while maximizing productivity. It encompasses 
the implementation of cutting-edge technologies, the reformation of 
traditional farming methods, and the restructuring of agricultural 
industries to achieve a harmonious balance between economic 
viability and ecological sustainability. The digital economy, 
underpinned by cutting-edge digital technologies, permeates diverse 
business sectors, catalyzing their metamorphosis and enhancement 
while concurrently presenting opportunities for low-carbon 
agricultural development. On one front, the digital economy 

empowers agricultural production processes through automation and 
intelligent methodologies, augmenting production efficiency via 
technological upgrades, and mitigating resource waste and emissions 
per unit of output (Xiong et al., 2023). Conversely, by integrating 
Internet of Things (IoT) technology with agriculture, the digital 
economy spawns innovative production models such as “Internet+” 
and “Smart+,” facilitating precise fertilizer application, real-time 
monitoring of crop phenology, scientific energy consumption control, 
judicious allocation of land resources, and efficiency management 
across various stages of the agricultural value chain. This approach 
optimizes fertilizer use efficiency, curtails energy consumption, and 
achieves the dual objectives of enhancing agricultural productivity 
while reducing emissions (Pang et al., 2024; Şerbu, 2014). Moreover, 
the spillover effects of digital technology can foster local technological 
advancement, accelerating the integrated innovation and technological 
breakthroughs of key green technologies in emission reduction and 
carbon sequestration. This entire process not only lays the foundation 
for the future development of agriculture but also propels regional 
low-carbon transformation and the construction of an ecologically 
friendly economy. The implementation of low-carbon agricultural 
practices serves as a catalyst for broader environmental and economic 
shifts. It fosters the creation of sustainable agricultural ecosystems that 
harmonize with natural environments, while simultaneously driving 
innovation in related industries and technologies (Abbas et al., 2024; 
Dai et  al., 2023). Building on the above analysis, Hypothesis 1 is 
put forward.

Hypothesis 1: The digital economy exerts a mitigating effect on 
agricultural carbon emissions, meaning that as the digital 
economy develops further, agricultural carbon emissions tend 
to decline.

The evolution of the digital economy represents a dynamic and 
continuous process, necessitating systematic planning and adaptive 
strategies for infrastructure development, technological iteration, and 
the concrete implementation of digital transformation. Consequently, 
within the agricultural sector, the influence of the digital economy on 
carbon emissions will not manifest immediately. Instead, it will 
gradually emerge over time and continue to influence carbon emission 
levels for an extended period in the foreseeable future (Zhao et al., 
2023). The automation and intelligent technology advantages 
conferred by the digital economy not only empower current 
agricultural production but are poised to positively influence future 
agricultural production efficiency and ecological benefits. From a 
short-term perspective, the salubrious effects of the digital economy 
on agricultural carbon reduction are primarily manifested through 
precise monitoring of energy consumption and resource utilization, 
optimized allocation of production factors, and significant 
enhancements in production efficiency, thereby achieving the dual 
objectives of resource conservation and carbon emission mitigation 
(Yu et al., 2022). In the long term, as the sophistication of the digital 
economy advances, accompanied by gradual technological 
breakthroughs, comprehensive policy implementation, and 
progressive infrastructure enhancement, it will incrementally 
empower all facets of agricultural production, generating a “reservoir” 
effect. This will catalyze further optimization of agricultural structures 
and innovate agricultural production models, achieving sustained 
carbon reduction effects through paradigms such as green agriculture 
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and organic agriculture (Ma et al., 2022; Liu J. et al., 2023; Liu Y. et al., 
2023). Furthermore, given the diversity of China’s geographical and 
economic structures, the impact of the digital economy on agricultural 
carbon reduction will vary across regions. China’s topography is 
characterized by a stepped distribution, with elevations gradually 
decreasing from the higher regions in the west to the lower areas in 
the east. Simultaneously, there are significant differences in industrial 
structures between the northern and southern regions. Consequently, 
the effects of the digital economy on agricultural carbon reduction 
may exhibit heterogeneity across these diverse landscapes (Su et al., 
2023). Thus, Hypothesis 2 is formulated.

Hypothesis 2: The digital economy's influence on agricultural 
carbon emissions has a continuing effect, that is, the improvement 
of the current level of the digital economy will also lower future 
agricultural carbon emissions.

From the perspective of internal influence logic, precision 
agriculture and smart agriculture, driven by intelligence and 
digitization, can control the use of fertilizers and other energy sources, 
replace extensive energy input with precision operations, improve 
agricultural production efficiency, and reduce traditional agricultural 
path dependence. The increasing integration of digital technology 
with agricultural sector provides a robust foundation for low-carbon, 
high-efficiency agricultural development. This synergy manifests 
through two primary mechanisms: Firstly, digital technology 
empowers agricultural production by promoting the development of 
ecological agriculture through intelligent and data-driven approaches. 
This paradigm shift enhances the precision management and 
monitoring capabilities within agricultural production systems, 
enabling judicious fertilizer application and thereby mitigating the 
deleterious environmental impacts associated with excessive use, such 
as the production and use of chemical fertilizers produce carbon 
emissions, which is one of the important sources of carbon emissions 
(Yang et al., 2024). The promotion of intelligent green production 
technologies, exemplified by soil testing and formula fertilization 
techniques, has yielded notable improvements in fertilizer utilization 
efficiency. This optimization has concomitantly reduced the 
squandering of fertilizer resources, alleviated agricultural non-point 
source pollution, and simultaneously diminished crop yield reductions 
and greenhouse gas emissions attributable to fertilizer misuse (Guo 
and Zhang, 2023). Secondly, the advent of smart agriculture has 
significantly augmented agricultural production efficiency and crop 
yields through the implementation of optimal fertilizer ratios, 
precision irrigation systems, and agricultural machinery upgrades 
(Abiri et al., 2023). Smart agriculture not only increases the economic 
benefits of crops per unit area but also effectively mitigates issues of 
resource waste and increased carbon emissions resulting from manual 
labor costs and excessive land reclamation. Consequently, Hypothesis 
3 is put forward:

Hypothesis 3: there is a transmission path of fertilizer saving and 
income increase in the suppressive effect of digital economy on 
agricultural carbon emissions.

Government involvement is essential for reducing agricultural 
emissions. Studies show that when policymakers prioritize 
addressing farm-related carbon output through legislative measures, 

rigorous oversight, and monetary incentives, significant reductions 
can be achieved (Chen et al., 2024). As global economic landscape 
shifts toward a digital paradigm, authorities are increasingly 
recognizing the role of technological innovation in meeting 
environmental goals (Zhao et al., 2023). Fiscal expenditure in the 
scientific and technological domain emerges as a crucial investment 
mechanism for driving technological innovation, instrumental in 
surmounting digital technology challenges and enhancing 
innovation efficiency (Pan and Zhang, 2023). On one hand, the 
government promotes technological innovation through fiscal 
investments, enhancing the application of digital technologies in 
agriculture. This financial support facilitates agricultural digital 
transformation, improving production efficiency, increasing 
agricultural product diversity, empowering agricultural production, 
and achieving modernization and high efficiency in agricultural 
activities. On the other hand, fiscal support for science and 
technology optimizes the allocation of resources such as information, 
talent, and technology in the digitalization process, fostering 
economic digitization. This not only helps optimize industrial 
structures and improve technological efficiency but also strengthens 
the contribution of the digital economy to carbon emission reduction 
(Yu et al., 2023). Therefore, the more fiscal funds the government 
invests in the scientific and technological domain, the more it can 
drive technological innovation and digital economic development, 
which is crucial for attaining efficient carbon reduction in the 
agricultural sector.

Moreover, fiscal expenditure in the environmental protection 
sector, as a crucial instrument of governmental environmental 
regulation, also contributes significantly to enhancing the reduction 
impact of the digital economy in the agricultural domain. This fiscal 
strategy operates through multiple interconnected mechanisms: 
Primarily, environmental protection fiscal support catalyzes the 
synergistic integration of digitalization and greening processes. This 
integration fosters innovation in green production technologies and 
accelerates supply-side reforms in the agricultural sector, while 
simultaneously enhancing green total factor productivity (Chen and 
He, 2024). This holistic approach ensures that digital innovations are 
intrinsically aligned with sustainability goals, creating a symbiotic 
relationship between technological advancement and environmental 
stewardship. Within this context, specific fiscal measures such as 
carbon sink subsidies and emission reduction incentives embedded in 
environmental protection expenditure serve dual purposes. Firstly, 
they directly inhibit carbon emissions in the agricultural sector 
(Raihan et al., 2023; Wei S. et al., 2023), providing immediate and 
tangible benefits to the environment. Secondly, and perhaps more 
significantly, these measures generate an “innovation compensation” 
effect as an incentive-based environmental regulation. This effect 
stimulates technological innovation, propelling the application of 
digital technologies in green development initiatives, and facilitating 
the transition of the agricultural economy toward a green, low-carbon 
model (Clò et al., 2022). Specifically, as environmental protection 
fiscal support intensifies, the promotional effect of the digital economy 
on green agricultural development becomes increasingly pronounced. 
Based on these considerations, Hypothesis 4 is proposed.

Hypothesis 4: Government financial support in environmental 
protection and science and technology positively catalyze digital 
economy’s inhibition on carbon emissions in agricultural sector.
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4 Model construction and data 
description

4.1 Measurement model setting

What are the effects, direction, and magnitude of digital 
economic development on agricultural carbon mitigation? To address 
these inquiries, this research employs a benchmark 
regression analysis.

 α β β δ λ ε= + + + + +1 1 2it it it t i itACE DIGI X  (1)

As shown in Equation 1, itACE  represents the total agricultural 
carbon emission of province i in year t ; itDIGI  refers to the level of 
digital economic development of each province; itX is a set of control 
variables including the proportion of agricultural output value 
(AOV ), agricultural production capacity (APC), mechanical power 
level (MP ), agricultural financial input (AF ), and the rate of 
agricultural disaster (DR). itX  is the set of control variables including 
agricultural output share (AOV ), agricultural production capacity 
(APC), mechanical power level (MP ), agricultural financial input 
(AF ), and agricultural disaster rate (DR), and the five control 
variables affecting agricultural carbon emissions. λi  is the individual 
fixed effect, δt  represents the year fixed effect and εit  is the error term 
in the model.

Implementing digital technologies in agriculture involves a 
gradual process of planning, research, and application, resulting in a 
time lag. This delay means that the digital economy’s influence on 
farm-related carbon output is not immediate. A dynamic temporal 
relationship exists between digital advancements and agricultural 
emissions, with current technological progress potentially shaping 
future environmental outcomes in the sector. To verify this temporal 
dynamic effect (hypothesis 2), the study applied time lag treatment to 
the core explanatory variable, introduced a benchmark regression 
model, and constructed model (2). In the formula, n is the number of 
lag periods.

 ( )α β β δ λ ε−= + + + + +2 3 4it it t i iti t nACE DIGI X
 

(2)

To uncover the underlying mechanisms by which digital economic 
growth affects agricultural sustainability, the research develops a 
mediation model based on Hypothesis 3. Equations 3, 4 incorporate 
mediating variables that measure fertilizer usage efficiency and 
agricultural productivity.

 α ε= + +3 1it it itACE cDIGI X  (3)

 α ε= + +4 2it it itM aDIGI X  (4)

 α ε= ′ + +5 3it it it itACE c DIGI bM X  (5)

In recent years, China has heightened its focus on digital 
transformation and environmental sustainability, steadily increasing 
budgetary allocations for technological innovation and eco-friendly 
farming practices. To evaluate hypothesis 4, this study incorporates 
moderating factors into the benchmark regression model. These 
factors include governmental spending on environmental 
conservation and research and development, allowing for an 

assessment of how public financial support influences the relationship 
between digital advancements and agricultural sustainability.

 α β β δ λ ε= + + + + +6 5 6it it it t i itACE DIGI A  (6)

 

β β β
β δ λ ε

= + + + × +
+ + +

7 8 9 10
11

it it it it it
it t i it

ACE a DIGI A A DIGI
X  (7)

4.2 Variable description and data source

This study examines 31 mainland Chinese provinces from 2011 to 
2021, excluding Hong Kong, Macao, and Taiwan. Primary data 
sources include the “China Statistical Yearbook” and “China Rural 
Statistical Yearbook.” The agricultural database utilizes 2004 as the 
base year for RMB-denominated figures, which have been adjusted for 
inflation. Linear interpolation was employed to address missing data 
points. Key variables selected for analysis are as follows:

4.2.1 The explained variable—agricultural carbon 
emissions ( )itACE

Based on extant research (Wu et al., 2024), agricultural carbon 
emissions are primarily calculated by aggregating emissions from six 
carbon sources: fertilizer application, pesticide spraying, plastic film 
usage, mechanical fuel consumption, agricultural irrigation, and 
agricultural tilling. The specific calculation is delineated in Equation 8, 
where j  and t  denote the type of carbon source and year, respectively. 
E  represents the emission quantity of the carbon source, and a 
signifies the carbon emission coefficient for each source. The specific 
values and data sources for these coefficients are elucidated in Table 1.

 =
= ×∑

6

1
it jt j

j
ACE E a

 
(8)

4.2.2 Core explanatory variable – level of digital 
economy ( )itDIGI

This study adopts Zhao et al. (2020) methodology to quantify 
explanatory variables. A comprehensive index system is developed to 
assess regional digital advancement, focusing on internet 
infrastructure and financial technology integration. The entropy 
method is utilized to streamline indicator dimensions, yielding a 
composite digital economy score for each province. Detailed indicator 
criteria are outlined in Table 2.

4.2.3 Control variables
Existing research indicates that agricultural carbon emissions are 

influenced by multiple factors. This study selects five of the most 
critical variables as control variables for model (1). The primary 
indicators comprise: agricultural output value proportion (expressed 
as the share of agricultural output in GDP, %), agricultural production 
capacity (quantified by grain yield per unit area, kg/thousand 
hectares), mechanical power level (represented by the logarithm of 
total agricultural machinery power, kilowatt-hours), agricultural 
financial investment (measured by the logarithm of total financial 
investment in the agricultural sector, 10,000 yuan), and agricultural 
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disaster rate (denoted by the ratio of disaster-affected area to 
agricultural output value, %). Among them, the agricultural output 
value reflects the agricultural industry structure, and the higher the 
proportion of high value-added economic crops, the higher the carbon 
emissions per unit output value may be  compared to food crops; 
Agricultural production capacity characterizes land output efficiency, 
and high-yield areas may affect carbon emissions through multiple 
cropping indices, fertilizer and pesticide use, or advanced technologies; 
The power level of agricultural machinery, especially diesel engines, is 
the core source of agricultural carbon emissions; The scale of financial 
investment in the agricultural sector determines the adoption of 
carbon reduction technologies and the transformation of production 
methods; Controlling the agricultural disaster rate is to eliminate the 
disturbance caused by climate shocks on carbon emissions.

4.2.4 Mediating variable
Pursuant to Hypothesis 3, to elucidate the influence mechanism 

of the digital economy on agricultural carbon emissions, fertilizer 
utilization rate and crop yield rate are selected as mediating variables. 
The former is gauged by the fertilizer quantity per unit of agricultural 
output value, while the latter is calculated as the ratio of total crop 
production to its sown area.

4.2.5 Adjusting variables
Based on Hypothesis 4, to examine the moderating effect of 

government fiscal expenditure, this study selects environmental 
protection and science and technology fiscal expenditures per unit of 
agricultural output as moderating variables. Interaction terms are 
constructed and introduced into models (6) and (7) for 
regression analysis.

The descriptive statistics of variables are shown in Table 3.
To analyze data dispersion and the influence of control variables 

on agricultural carbon emissions, a heat map (Figure 1) visualizes the 
density distribution between core explanatory and control variables. 

Comparison of the five control variables reveals that agricultural 
production capacity, capital investment, and disaster rate indicators 
exhibit greater data scatter, suggesting a more significant impact on 
emissions. Conversely, the proportion of agricultural output value and 
mechanization level show higher data concentration, indicating 
minimal influence on the dependent variable.

Furthermore, to comprehensively investigate the geographical 
distribution of agricultural carbon emissions, Figure  2 shows the 
changes in it across various provincial regions from 2011 to 2021. The 
visual representation reveals that five provinces – Beijing, Xinjiang, 
Inner Mongolia, Heilongjiang, and Jilin-exhibit positive changes in 
agricultural carbon emissions, indicating an upward trend in these 
regions over the decade; In addition, agricultural carbon emissions in 
Qinghai, Ningxia, Shaanxi, and Guangxi have also increased slightly; 
Carbon emissions in most other provinces have shown a decreasing 
trend, especially in Shandong, Hebei, Henan, and Hubei (Figure 3).

5 Analysis of empirical results

This study employs baseline regression analyses on balanced panel 
data from 31 mainland Chinese provinces over 2011–2021. It 
examines the interplay between digital economic growth and 
agricultural emissions, while exploring tech-driven strategies for 
mitigating farm-related carbon output.

5.1 Baseline regression analysis

Table 4 presents the baseline regression results using a two-way 
fixed effects model (1). To assess result robustness, control variables 
were incrementally introduced. The findings reveal that digital 
economic growth consistently exhibits a significant negative 
correlation with agricultural emissions, regardless of control 

TABLE 2 Evaluation index system for the development level of digital economy in Chinese cities.

First level indicator Secondary indicators Level three indicators Indicator properties

Digital economy 

development level

Internet output level
Total telecommunications business volume per capita (100 

million yuan)
+

Mobile Internet user scale
Number of mobile phone users at the end of the year (10,000 

households)
+

Number of employees in the Internet 

industry
Proportion of computer services and software employees (%) +

Internet popularity scale Number of Internet broadband access users (10,000 people) +

Development level of digital inclusive 

finance
China Digital Financial Inclusion Index +

TABLE 1 Carbon emission coefficients and data sources of each carbon source.

Carbon source Carbon emission coefficient Data sources

Fertilizer application 0.8956 (kg/kg) Oak Ridge National Laboratory, USA

pesticide spraying 4.9341 (kg/kg) Oak Ridge National Laboratory, USA

Mulch use 5.1800 (kg/kg) Institute of Agricultural Resources and Environment, Nanjing Agricultural University

Mechanical fuel consumption 0.5927 (kg/kg) IPCC

Agricultural irrigation 266.4800 (km/hm2) Wu et al. (2024)

Agricultural plowing 312.6000 (kg/km2) Guan et al. (2023)
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variable inclusion. Column (1) shows that, without accounting for 
other key factors, a 1% increase in digital economy level 
corresponds to a 1.022% decrease in farm-related carbon output. 
After incorporating additional variables, this inhibitory effect 
strengthens to 1.472%. The consistent significance of this 
relationship across models underscores the robustness of our 
findings. Further analysis indicates that all five control variables 
contribute to some extent to increased emissions in the agricultural 
sector (see column 6).

Furthermore, this study illustrates how the dependent variable 
changes with respect to the core explanatory variables and control 
variables, verifying the correlative relationships between various 
factors and agricultural carbon emissions, as shown in Figure 4. 
From subplots (c) and (d), it is evident that there are notable trends 
in the relationship between agricultural carbon emissions and both 
mechanical power levels and agricultural capital investment. These 
factors exhibit strong correlations, with agricultural carbon 
emissions increasing correspondingly as these control variables rise, 
indicating positive correlations. Subplot (e) reveals a certain 
correlation between agricultural carbon emissions and the 
agricultural disaster incidence rate, with agricultural carbon 
emissions decreasing as the disaster incidence rate rises, suggesting 

a negative correlation. In subplots (a) and (b), the correlations 
between agricultural carbon emissions and the control variables—
agricultural output value proportion and agricultural production 
capacity—appear relatively weak.

5.2 Robustness check

To ensure robustness, the study employed multiple validation 
techniques. These included 1% quantile winsorization, Bootstrap 
random sampling (300 iterations), and alternative measurements of 
the key explanatory variable. Table  5 presents these results. Post-
winsorization, the inhibitory relationship between variables remained 
significant (column 1). Principal component analysis was used to 
recalculate provincial digital economy levels, with results 
corroborating the initial findings.

To address potential bidirectional causality between digital 
economy and agricultural emissions, ground undulation served as 
an instrumental variable, mitigating endogeneity concerns. The 
reasons are as follows: Firstly, core digital infrastructure deployment 
and the Internet popularization are constrained by ground 
undulations. Furthermore, as a natural geographical feature, ground 

TABLE 3 Descriptive statistics of variables.

Variable 
type

Variable 
name

Variable 
symbol

Number of 
observations

Mean Standard 
deviation

Minimum 
value

Maximum 
value

Explained 

variable

Agricultural carbon 

emissions
ACE 341 3.263 2.247 0.148 9.793

Core explanatory 

variables

Digital economy 

level
DIGI 341 0.235 0.177 0.040 0.991

Control variables Proportion of 

agricultural output 

value

AOV 341 3.285 2.334 0.144 9.958

Agricultural 

production 

capacity

APC 341 12.01 0.602 10.28 13.281

Mechanical power 

level
MP 341 0.509 0.524 0.005 3.922

Agricultural capital 

investment
AF 341 7.640 1.130 4.543 9.499

Agricultural 

disaster rate
DR 341 5.471 1.049 2.870 13.390

Mediating 

variables

Harvest rate of 

agricultural 

products

CY 341 0.936 0.342 0.454 2.093

Scale of fertilizer 

use
FU 341 0.101 0.038 0.028 0.258

Moderator Environmental 

protection fiscal 

expenditure

A1 341 0.210 0.589 0.0106 4.237

Science and 

technology 

financial 

expenditure

A2 341 0.206 0.485 0.024 4.411
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undulation has a natural attribute that is not subject to human 
intervention. In addition, after controlling for covariates such as 
agricultural mechanization level and agricultural input, the path 
from ground undulation to mechanization to carbon emissions was 
blocked, satisfying the exclusivity constraint. LM and Wald F 
statistics validated this approach. Under controlled endogeneity, the 
digital economy’s role in agricultural carbon reduction maintained 
its significance.

5.3 Analysis of time dynamic effects

In accordance with the hypothesis, the digital level exhibits a 
lagged effect on agricultural carbon emissions. To examine this 
phenomenon, core explanatory variables with varying lag periods are 
incorporated to conduct a temporal dynamic effect analysis. 
Columns (1) through (3) illustrate the impact of digital economy 
development levels with one-period, two-period, and three-period 

FIGURE 1

Density distribution diagram of data between core explanatory variables and control variables. (a–e) respectively representent density distribution 
between control variables (AOV, APC, MP, AF, DR) and explanatory variables.

FIGURE 2

Distribution of agricultural carbon emissions in each province in 2011 (left) and 2021 (right).
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lags on agricultural carbon emissions, respectively. Table  6 
demonstrates that significant effects for both one-period and 
two-period lags, revealing that through the phase, the digital 
economy plays a negative role in agricultural carbon reduction for 
both the current and subsequent periods. Nevertheless, the three-
period lag proves insignificant, potentially due to the delayed 
spillover effects arising from infrastructure improvements and 
technological advancements over time. These effects allow the 
inhibitory influence to persist, yet this continuation tends to dissipate 
by the third period.

5.4 Heterogeneity analysis

Unbalanced urban economy, innovative capacity, and industrial 
progress may influence the mitigating effect of the digital economy on 
agricultural carbon emissions. To examine this phenomenon, the 
research sample was categorized into three major regions—Eastern, 
Central, and Western—as well as two broader areas—Southern and 

Northern. Regression analyses were conducted, with results shown in 
Table 7.

The result reveals significant negative impacts in both Eastern and 
Western regions, indicating that the digital economy exerts a 
substantial inhibitory effect on agricultural carbon emissions in these 
areas, while the Central region shows no significant effect. In terms of 
impact intensity, the inhibitory effect on the Western region 
(coefficient of −2.826) is markedly stronger than that of the Eastern 
region (coefficient of −1.376). Regarding the North–South divide, the 
Northern region exhibits a significant carbon reduction effect 
(coefficient of −1.963), while the effect in the Southern region is less 
pronounced. The regional disparities may be attributed to several 
factors: Geographically, the Central region’s industrial structure is 
stable, with industry as the dominant sector, the digital economy 
development in this area is at an intermediate level with relatively 
modest growth, hence the insignificant carbon reduction effect in the 
agricultural sector. The Western region, though late in initiating digital 
economy development, has experienced rapid growth. At the same 
time, the mechanization rate of agriculture in the western region is 

FIGURE 3

Changes in agricultural carbon emissions in each province from 2011 to 2021.
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TABLE 4 Baseline regression results.

Variables (1) (2) (3) (4) (5) (6)

ACE ACE ACE ACE ACE ACE

DIGI
−1.022*** −0.716* −0.665* −0.728** −1.684*** −1.472***

(−2.649) (−1.941) (−1.805) (−2.067) (−3.577) (−3.038)

AOV
0.030*** 0.029*** 0.032*** 0.026* 0.033**

(2.787) (2.816) (3.138) (1.806) (2.254)

APC
0.067** 0.071** 0.141** 0.232***

(2.230) (2.463) (2.187) (3.210)

MP
0.419*** 0.423*** 0.426***

(5.365) (4.858) (4.913)

AF
0.153** 0.141*

(2.093) (1.929)

DR
0.083**

(2.369)

Constant
3.526*** 3.162*** 2.782*** −0.440 −2.329** −2.828***

(38.40) (21.19) (12.30) (−0.689) (−2.332) (−2.770)

Observations 341 341 341 341 341 341

R-squared 0.992 0.993 0.994 0.994 0.997 0.997

Province FE YES YES YES YES YES YES

Year FE YES YES YES YES YES YES

t-statistics in parentheses: ***p < 0.01, **p < 0.05, *p < 0.1.

FIGURE 4

The relationship between agricultural carbon emissions with the level of digital economy and changes in control variables. (a–e) respectively 
representent density distribution between control variables (AOV, APC, MP, AF, DR) and explanatory variables.
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relatively low, and the marginal benefits of digital technology replacing 
traditional high carbon operations are higher, resulting in a stronger 
inhibitory effect on agricultural carbon emissions. In the eastern 
region, existing technologies have locked in the space for emission 
reduction, so the emission reduction elasticity of digital technology is 
relatively low. Comparing the Southern and Northern regions, the 
North has a larger proportion of agricultural industry, leading to a 
more significant inhibitory effect of the digital economy on carbon 
emissions. At the same time, the overexploitation area of groundwater 
in North China is relatively wide, and the carbon emissions generated 
by pumping electricity are an important component of agricultural 
carbon emissions. Digital irrigation systems improve irrigation 
efficiency while reducing carbon emissions generated by electricity 
consumption through soil moisture monitoring. The Southern region, 
while relatively advanced in digital economy development, has slower 
growth and a smaller proportion of agricultural output, thus the 
inhibitory effect of the digital economy on agricultural carbon 
reduction is less evident.

5.5 Intermediary effect analysis

Table 8 presents the mediating variable test results for Hypothesis 
3. Columns (1)–(2) analyze fertilizer application rates, revealing a 
significant negative correlation between digital economy growth and 
fertilizer usage. This mediating effect suggests that technological 
advancements contribute to reduced carbon emissions in agriculture 

through more efficient fertilizer management. Columns (3)–(4) focus 
on crop yield rates. The findings indicate that digital innovations 
enhance agricultural productivity, consequently lowering carbon 
output. This dual-pathway analysis demonstrates how the digital 
economy simultaneously optimizes input efficiency and boosts output, 
leading to overall emission reduction in the farming sector.

In summary, both fertilizer reduction and yield increase exhibit 
significant mediating effects. Specifically, empowered by digital 
technology, agricultural production experiences a decrease in fertilizer 
usage and an increase in crop yields. This leads to higher returns and 
optimized agricultural structures, ultimately resulting in reduced 
agricultural carbon emissions.

5.6 Moderating effect analysis

To validate the moderating effect of government fiscal 
expenditure, environmental protection and science and technology 
fiscal expenditures were incorporated as moderating variables into the 
baseline regression model. Interaction terms were constructed with 
the digital economy level, establishing models (3) and (4), with results 
detailed in Table 9.

The findings reveal that fiscal support for environmental 
protection and science and technology significantly enhances the 
digital economy’s impact on agricultural carbon reduction. Interaction 
coefficients between these fiscal supports and the digital economy are 
1.784 (p < 0.05) and 1.153 (p < 0.1) respectively, indicating positive 

TABLE 5 Robustness check.

Variables (1) Winsorization (2) Bootstrap (3) Change 
calculation 

method

Instrumental variable 2SLS

The first 
stage

Second stage

DIGI
−1.472* −1.609*** −9.301*** −2.852*

(−1.773) (−3.023) (−4.399) (−1.73)

IV
−0.037***

(−5.49)

AOV
0.0327** 0.0354* 0.0445** −0.014*** 0.049*

(2.199) (1.834) (2.411) (−8.13) (1.66)

APC
0.232*** 0.253*** 0.214*** 0.012 0.465***

(2.726) (3.132) (2.757) (1.13) (4.68)

MP
0.426*** 0.461*** 0.416*** −0.118*** 2.281***

(2.908) (4.856) (4.645) (−8.42) (9.77)

AF
0.141* 0.271** 0.0382 0.068*** −0.394

(1.681) (2.395) (0.444) (2.62) (−1.39)

DR
0.0825** 0.0528 0.0565 −0.036** −0.136

(1.971) (1.025) (1.171) (−2.36) (−0.89)

Constant
−2.828* −4.789*** 3.366* 0.450** −12.876***

(−1.930) (−3.084) (1.748) (1.99) (−6.75)

Observations 213 341 341 341 341

R-squared 0.997 0.996 0.997 0.663 0.832

Province FE YES YES YES YES YES

Year FE YES YES YES YES YES

t-statistics in parentheses: ***p < 0.01, **p < 0.05, *p < 0.1.
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synergies. As government investment in these areas increases, the 
digital economy’s mitigating effect on farm-related emissions 
intensifies. This underscores the crucial role of targeted fiscal policies 
in leveraging digital innovations for sustainable agriculture, thus 
substantiating Hypothesis 3 (Table 9).

6 Research conclusions and policy 
recommendations

Through the digital era, data-driven decision-making engendered 
by the digital economy propels the advancement of intelligent 
agriculture. The interconnectivity of information cultivates a 
digitalized agricultural ecosystem, while technological iterations lay 
the groundwork for high-quality agricultural development, steering 
the sector toward a greener, low-carbon trajectory. Grounded in 
theoretical analysis and hypotheses, this study employs provincial 
panel data from China spanning 2011–2021 as its research sample, 
utilizing modeling techniques to explore the intrinsic connection 
between the digital economy and agricultural carbon emissions, 
elucidating the transmission mechanisms between the two. The 
research findings reveal: (1) the digital economy has a substantial 
negative impact on carbon emissions from agriculture. After 
controlling for other factors, a 1% increase in the digital economy level 
corresponds to a 1.472% reduction in agricultural carbon emissions, 
with the robustness of this result confirmed, which further verification 

of the important role of technological progress in sustainable 
agricultural development. (2) Regarding temporal effects, the negative 
impact of the digital economy on agricultural carbon emissions is not 
only evident in the current period but also reduces emissions in the 
subsequent two periods, which validates the value of the digital 
economy in cross period emission reduction in agriculture. (3) In 
terms of spatial distribution, examining China’s eastern, central, and 
western regions, the carbon reduction effect exhibits a spatial 
distribution pattern of “West > East, Central insignificant.” From a 
north–south perspective, the inhibitory effect on carbon emissions is 
more pronounced in the north, while insignificant in the south. This 
spatial heterogeneity has important reference value for deploying 
hardware facilities and software investment in the digital economy. (4) 
Concerning internal transmission mechanisms, the digital economy 
achieves suppression of carbon emissions in the agricultural sector 
through two mediating pathways: reducing agricultural fertilizer usage 
and improving crop yield rates. (5) Regarding external regulatory 
mechanisms, government fiscal support in environmental protection 
and scientific and technological domains positively reinforces the 
inhibitory effect of the digital economy on agricultural carbon 
emissions, which emphasis on the important guiding role of the 
government in reducing carbon emissions in agriculture. Drawing 
from the aforementioned findings, several strategic recommendations 
can be put forward:

Firstly, enhance the development and implementation of China’s 
digitalization initiatives and implement differentiated digital economy 

TABLE 6 Time dynamic effect test.

Variables (1) (2) (3)

Lag one period Lag two periods Lag three periods

ACE ACE ACE

DIGIit −0.993**

(−2.088)

DIGIi(t-1) −0.907*

(−1.913)

DIGIi(t-2) −0.514

(−1.039)

AOV
0.0594*** 0.0618*** 0.0568***

(4.816) (4.706) (3.885)

APC
0.125** 0.104 0.0678

(2.052) (1.592) (0.976)

MP
0.683*** 0.716*** 0.721***

(7.249) (6.945) (6.368)

AF
0.341*** 0.370*** 0.422***

(5.691) (5.828) (6.525)

DR
0.0850 0.0889 0.0764

(1.428) (1.578) (1.193)

Constant −7.071*** −7.596*** −8.112***

(−6.035) (−5.887) (−5.780)

City FE YES YES YES

Year FE YES YES YES

t-statistics in parentheses: ***p < 0.01, **p < 0.05, *p < 0.1.
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TABLE 8 Intermediary effect test.

Variables Chemical fertilizer using Crop yield

(1) (2) (3) (4)

FU ACE CY ACE

DIGI
−0.091*** −1.246** 0.293** −1.350**

(−2.745) (−2.216) (2.441) (−2.381)

FU 3.768***

(2.621)

CY −0.762*

(−1.905)

AOV
−0.006*** 0.065*** −0.005 0.039*

(−5.012) (3.083) (−1.204) (1.969)

APC
0.015*** 0.167* 0.039** 0.256***

(2.925) (1.907) (2.121) (2.927)

MP
−0.002 0.417*** −0.001 0.407***

(−0.426) (4.542) (−0.0301) (4.383)

AF
−0.005 0.165* −0.047** 0.111

(−0.830) (1.786) (−2.333) (1.165)

DR
0.015*** −0.053 −0.018 −0.008

(4.724) (−0.920) (−1.539) (−0.154)

Constant 0.174** −3.515*** 1.272*** −1.890

(2.290) (−2.752) (4.599) (−1.381)

Observations 341 341 341 341

R-squared 0.952 0.995 0.984 0.995

City FE YES YES YES YES

Year FE YES YES YES YES

t-statistics in parentheses: ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 7 Heterogeneity analysis of benchmark regression results.

Variables East area Central Region Western Region Northern region Southern region

ACE ACE ACE ACE ACE

DIGI
−1.376** 0.298 −2.826*** −1.963** −0.385

(−2.512) (0.254) (−3.990) (−2.530) (−0.728)

AOV
0.055** 0.042** 0.022 0.040* −0.011

(2.213) (2.456) (0.812) (1.764) (−0.648)

APC
−0.024 0.243* 0.513*** 0.286*** 0.117

(−0.376) (1.827) (3.395) (2.691) (1.364)

MP
0.712*** 0.097 0.748*** 0.691*** 0.069

(5.212) (1.077) (2.993) (4.487) (0.789)

AF
−0.175** 0.148 0.018 0.142 0.057

(−2.472) (0.962) (0.103) (1.252) (0.662)

DR
−0.030 0.171** 0.170*** 0.099 −0.031

(−0.515) (2.397) (3.574) (1.560) (−0.891)

Constant
0.526 0.129 −5.643 −4.954*** 1.672

(0.517) (0.066) (−1.670) (−3.420) (1.312)

Observations 121 88 132 176 165

R-squared 0.999 0.999 0.994 0.997 0.998

Province FE YES YES YES YES YES

Year FE YES YES YES YES YES

t-statistics in parentheses: ***p < 0.01, **p < 0.05, *p < 0.1.

https://doi.org/10.3389/fsufs.2025.1519109
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Yang and Wen 10.3389/fsufs.2025.1519109

Frontiers in Sustainable Food Systems 15 frontiersin.org

policies. Under the guidance of the national digital economy strategy, 
innovate existing development models by infusing new vitality into 
diverse business formats through technological empowerment. 
Cultivate novel economic forms and development paradigms, further 
promoting the comprehensive fusion of digital economy elements with 
agricultural production and rural construction, thus providing 
impetus for the transition from traditional to modern agriculture. 
Concurrently, cultivate the digital economy in a manner that is tailored 
to the specific characteristics and needs of the locality, transcending 
geographical constraints, integrating digital resources, optimizing 
resource allocation, and bridging the disparities in emission reduction 
effects caused by uneven regional digital economic development.

Secondly, Strengthen long-term investment in digital infrastructure 
and consolidate cross period emission reduction effects Implementing 
regional differentiation strategies to solve the dilemma of the “central 
depression,” such as leveraging the driving effect of the eastern region, 
building a digital linkage ecology between agriculture and industry in 
the central region, upgrading infrastructure and employment structure 
in the western region, deepening the adaptability of technological 
innovation between the north and south, activating the emission 

reduction potential of the south, and realizing the long-term benefits 
of digital economy on agricultural carbon emissions.

Thirdly, promote the deep integration and development of the 
digital economy and agriculture, and accelerate the digital and green 
transformation of agriculture. Empowering agriculture with digital 
technology, actively innovating and promoting the “Internet 
plus+Agriculture” model, enabling the whole chain of agricultural 
production with digital technology, running through all links before, 
during and after agricultural production, to achieve high-quality 
seed selection and breeding, precision fertilization, effective 
irrigation, automatic picking, etc., while transforming the 
agricultural production mode, reduce agricultural pollution 
emissions, develop green agriculture, and promote high-quality 
agricultural development.

Finally, increase financial investment in the digital economy 
and fully leverage the government’s role in optimizing the allocation 
of digital resources. On the one hand, we attach great importance 
to investment in digital infrastructure and technological 
innovation, solidify the strategic foundation of the digital economy, 
empower with digital technology, and revitalize modern 

TABLE 9 Test of moderation effect.

Variables Environmental protection financial support Science and technology financial support

ACE ACE ACE ACE

DIGI
−1.684*** −1.705*** −1.670*** −1.738***

(−3.137) (−3.214) (−3.070) (−3.208)

A1
−0.162* −1.440**

(−1.750) (−2.300)

A1 × DIGI
1.784**

(2.105)

A2
−0.0592 −1.040*

(−0.570) (−1.779)

A2 × DIGI
1.153*

(1.705)

AOV
0.037* 0.033* 0.036* 0.031

(1.929) (1.730) (1.859) (1.574)

APC
0.262*** 0.274*** 0.262*** 0.259***

(3.226) (3.407) (3.176) (3.154)

MP
0.460*** 0.456*** 0.456*** 0.440***

(4.845) (4.861) (4.767) (4.605)

AF
0.234* 0.202* 0.249** 0.214*

(1.973) (1.714) (2.084) (1.772)

DR
0.0516 0.0554 0.0525 0.0549

(1.004) (1.088) (1.017) (1.070)

Constant
−4.361*** −3.940** −4.519*** −3.812**

(−2.717) (−2.465) (−2.778) (−2.285)

Observations 341 341 341 341

R-squared 0.996 0.996 0.996 0.996

City FE YES YES YES YES

Year FE YES YES YES YES

t-statistics in parentheses: ***p < 0.01, **p < 0.05, *p < 0.1.
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agriculture. On the other hand, increasing government investment 
in the field of environmental protection, using mandatory and 
incentivized regulatory measures, cultivating low-carbon awareness 
among farmers, and actively enhancing the role of the digital 
economy in driving carbon emission reductions within the 
agricultural industry.

The conclusions above echo global efforts to drive decarbonization 
of agriculture. This study systematically explained how the agricultural 
sector can achieve a win-win situation of emission reduction and 
efficiency improvement through technological adaptation, providing a 
feasible micro path for agricultural carbon neutrality. However, there are 
still some drawbacks and future directions: As an agricultural power, 
China is a typical case to study, but the experience of one country is not 
necessarily applicable to all regions. Future research should expand the 
sample from one country to multiple countries; on the other hand, the 
micro-mechanism between the digital economy and green development 
is rich, and the future can supplement the mechanism perspective, such 
as energy pricing.
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