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Considering agriculture's substantial carbon emissions, it is essential to examine how the digital economy can stimulate green innovation and low-carbon development by impacting these emissions. This article employs panel data from 31 provinces in China, covering the period from 2011 to 2020, to empirically analyze the effects of digital economy development on agricultural carbon emissions. The results indicate that: (1) Agricultural green total factor productivity has a partial mediating effect in the impact of the digital economy on agricultural carbon emissions, and green finance has a negative regulatory effect. (2) Green finance positively regulates the inhibitory effect of agricultural green total factor productivity on agricultural carbon emissions. (3) The development of the digital economy can inhibit agricultural carbon emissions, and this negative inhibitory effect follows a “U” shape. Our research offers a scientific foundation for the promotion of green and low-carbon development within Chinese agriculture, while also providing valuable references and insights for the global integration and advancement of agricultural emissions reduction alongside the digital economy.
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1 Introduction

Agriculture is an significant contributor to carbon emissions, yet it also plays a crucial role in achieving peak carbon neutrality. China is a big agricultural country with a long history of agricultural production and planting. Under the traditional agricultural production model, problems such as the use of fertilizers and pesticides in agricultural production have led to more agricultural carbon emissions, resulting in a series of climate issues. Consequently, reducing carbon emissions and promoting low-carbon development have become primary objectives in contemporary agricultural policies. Document No. 1 of the CPC Central 2023 continues to focus on the development of green agriculture in the overall promotion of rural revitalization. In this context, the rapid development of the digital economy emerges as a vital driver for agricultural carbon emission reduction. Factors such as the enhancement of green total factor productivity and the expansion of green finance also play essential roles in facilitating this reduction. Therefore, as efforts to establish a robust agricultural nation intensify, the pursuit of low-carbon agricultural development must be supported by advancements in the digital economy, improvements in green total factor productivity, and the promotion of green finance. The selection of China as the subject of the study is of great value and significance globally. China's expansive and diverse agricultural sector, along with its innovative approaches to green and low-carbon policies, positions it as a crucial player in global climate change mitigation. The rapid development of its digital economy and its application in agriculture serves as a model for the integration of the digital economy and agricultural practices worldwide. Thus, analyzing China as a case study not only aids in advancing the green transformation of its agriculture but also offers valuable insights for global strategies that seek to align agricultural emission reductions with digital economy development.

The academics' research on the relationship between the digital economy, agricultural green total factor productivity, green finance and agricultural carbon emissions focuses on the following.

The first is the impact of the digital economy on agricultural carbon emissions. Liu and Xu (2024) found that the impact of the digital economy on carbon emissions varies in different regions and at different levels of carbon emissions. Wang and Mei (2024) used a spatial Durbin model to empirically demonstrate that with the evolution of the digital economy, agricultural carbon emissions have significantly decreased. The second is the impact of agricultural green total factor productivity on agricultural carbon emissions. Wang et al. (2023) found that the agricultural green total factor productivity in the Dongting Lake area is relatively high, and the total agricultural carbon emissions are in a declining state. Xu et al. (2019) constructed a global Malmquist Luenberger index to consider agricultural carbon emissions as an unexpected output, and measured agricultural development efficiency based on green total factor productivity. The third is the impact of green finance on agricultural carbon emissions. Li et al. (2024) empirically demonstrated that green finance and green innovation can suppress carbon emissions. Wang et al. (2024) used spatial effects and found that improving the level of green finance can significantly suppress carbon emissions in the Pearl River Delta region. The fourth is the impact of the digital economy on the green total factor productivity of agriculture. Chen et al. (2023) concluded using a fixed effects model that the digital economy can enhance agricultural total factor productivity and that green technology innovation positively regulates the relationship between the digital economy and agricultural green total factor productivity. Zhang et al. (2023) believe that the development of the digital economy has a significant positive effect on improving agricultural GTFP. The fifth is the regulatory effect of green finance. The research by Che and Shen (2022) shows that green finance promotes the integration of digital technology with traditional agriculture by providing financial support for agricultural green technology, thereby improving agricultural green total factor productivity. He (2024) green finance promotes the improvement of green total factor productivity of enterprises and suppresses carbon emissions by enhancing the efficiency of green technology innovation and optimizing resource allocation structure.

While domestic and international scholars have achieved significant advancements in the areas of digital economy, agricultural carbon emissions, agricultural green total factor productivity, and green finance, further research is needed. Few studies integrate these elements into a single framework, particularly regarding the mediating role of green total factor productivity and the regulatory role of green finance. This article argues for the necessity of expanding research in this area and develops a mediating effect model to analyze the direct impact of the digital economy on agricultural carbon emissions, as well as the mediating effect of agricultural green total factor productivity and the regulatory influence of green finance.



2 Literature review and hypothesis development


2.1 The direct utility mechanism of digital economy to agricultural carbon emissions

The digital economy affects agricultural carbon emissions through the following aspects: First, the digital economy can enhance agricultural production processes and optimize resource allocation efficiency. By improving production and transportation logistics, the digital economy facilitates more effective information transmission, reduces the costs associated with information collection and transactions, and fosters a more rational structure within the agricultural industry, ultimately enhancing agricultural carbon emission efficiency (Jin and Xu, 2022; Goldfarb and Tucker, 2019). Second, the digital economy can advance agricultural technological innovation. As a new economic paradigm, the development of the digital economy drives the continuous evolution of agricultural technologies and facilitates the transition from traditional to green agriculture, thereby improving resource utilization efficiency and enhancing productivity while maintaining the same input levels, which in turn increases carbon emission efficiency. Third, the deep integration of the digital economy across various industries and sectors fosters the creation of digital platforms. These platforms indirectly reduce agricultural carbon emissions by consolidating technology, information, and resources, enabling farmers to stay informed about agricultural practices and enhance resource efficiency, agricultural carbon emission efficiency. Therefore, hypothesis 1 is proposed.

Hypothesis 1: the development of digital economy has a significant negative impact on agricultural carbon emissions.



2.2 The intermediary mechanism of green total factor productivity in agriculture

The enhancement of agricultural green total factor productivity (GTFP) is crucial for promoting sustainable agricultural development and mitigating agricultural carbon emissions. Existing literature indicates that improvements in GTFP facilitate the flow of various states within regional green total factor productivity, optimizing resource allocation and increasing energy utilization efficiency, thereby leading to a reduction in agricultural carbon emissions. Furthermore, advancements in agricultural GTFP also serve as a catalyst for the influence of the digital economy on agricultural carbon emissions. The rapid evolution of digital technology enables the continuous integration of data as a production factor within agricultural production and management practices, fostering the synergy between data and traditional production inputs. By thoroughly considering the input of production factors alongside energy resource consumption, the widespread application of green production technologies has markedly improved GTFP and, in turn, contributed to the indirect reduction of agricultural carbon emissions. Moreover, enhancing agricultural GTFP raises awareness of green and sustainable development principles, thereby minimizing resource waste and further promoting agricultural carbon reduction initiatives. Therefore, hypotheses 2 and 3 are proposed.

Hypotheses 2: The improvement of agricultural green total factor productivity has a significant negative inhibitory effect on agricultural carbon emissions.

Hypotheses 3: Agricultural green total factor productivity plays an intermediary role in the impact of digital economy on agricultural carbon emissions.



2.3 The mechanism of green finance on agricultural carbon emissions

As a critical instrument for rural financing and credit relationship management, green finance serves as a significant financial leverage in the advancement of low-carbon agriculture. Increased financial support for low-carbon agricultural technology innovation not only fosters the progress of green technologies but also reduces energy consumption, which indirectly contributes to the reduction of agricultural carbon emissions. Furthermore, green finance facilitates the development of green agriculture by alleviating financing pressures. By providing essential financial support, green finance enhances the efficiency of agricultural financing, promotes the green transformation of agricultural practices, and aids in the transition from traditional to sustainable agriculture, thereby minimizing energy waste and further decreasing agricultural carbon emissions. Additionally, green finance plays a vital role in risk sharing for the development of green agriculture, thereby enhancing the engagement of principal agricultural entities. During the transition from conventional to green agricultural practices, stakeholders—including cooperatives and family farms—face various potential risks. The development of green finance encourages those with lower risk tolerance to adopt and integrate low-carbon agricultural technologies effectively. Therefore, hypothesis 4 is proposed.

Hypotheses 4: The development of green finance has a significant negative inhibitory effect on agricultural carbon emissions.



2.4 The regulatory effect of green finance

Green finance is a vital tool for rural financing and credit management, playing a significant role in advancing low-carbon agriculture. By providing increased financial support for low-carbon agricultural technology innovations, green finance fosters green technology development and reduces energy consumption, thereby indirectly lowering agricultural carbon emissions. Additionally, green finance alleviates financing pressures for the development of green agriculture, improving the efficiency of agricultural financing and aiding the transition from traditional to sustainable practices. This transition minimizes energy waste and further decreases carbon emissions. Moreover, green finance enhances risk-sharing for agricultural stakeholders, encouraging entities such as cooperatives and family farms to adopt low-carbon technologies during their shift to green agriculture, particularly those with lower risk tolerance Therefore, hypotheses 5 and 6 are proposed.

Hypotheses 5: Green finance plays a regulatory role in the impact of the digital economy on the total factor productivity of green agriculture.

Hypotheses 6: Green finance plays a moderating role in the impact of agricultural green total factor productivity on agricultural carbon emissions.

Based on the above assumptions, the research framework of this paper is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 Assumes model (Zhao et al., 2021).





3 Research design


3.1 Model setting
 
3.1.1 Benchmark model and mediating effect model

In order to explore the direct effect of the digital economy on agricultural carbon emissions and the mediating effect of green total factor productivity in agriculture, this paper draws on the research of Xie et al. (2022) and He et al. (2021) by constructing a model of mediating effects, to test the mediating effect of green total factor productivity. The construction model is as follows:
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In this context, i and n respectively represents the province and the year; CIin represents the agricultural carbon emissions of i province in n years, DEDIin represents the digital economic development level of i province in n years, GTFPin represents the agricultural green total factor productivity of i province in n years; Xin is the control variable group, including industrial structure (IS), economic development level (GDP), urbanization level (URBAN), government intervention level (GID), innovation level (INN); εin, θin, μin are random perturbation terms; α0, β0, γ0 are constant terms.

Equation 1 is the total effect model of DEDI on CI, and α1 is the total effect level. If α1 is significant, the total effect of DEDI on CI is significant, Equation 2 is the direct effect model of DEDI on GTFP, and β1 is the direct effect level of both. If β1 is significant, the direct effect of DEDI on GTFP is significant. Equation 3 is the direct effect model of DEDI on CI, γ1 is the direct effect level of DEDI on CI, and γ2 is the direct effect level of GTFP on CI. If the coefficient of γ1 is not significantly reduced or reduced, when the γ2 is significant, GTP acts as a complete or partial mediator.



3.1.2 Regulatory effect model

To test whether the digital economy has an impact on the green total factor productivity of agriculture through the role of green finance, and whether agricultural green finance has an impact on agricultural carbon emissions through the role of green finance, this paper draws on the research of Jiang (2022), and adds the interaction terms of digital economy and green finance (DEDI×GFI) and green total factor productivity and green finance (GTFP×GFI) on the basis of the benchmark model (1), the following models of moderating effects were constructed:
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Among them, b3 reflects the regulatory role of green finance in adjusting the impact of digital economy on green total factor productivity; c3 reflects the regulatory role of green finance in adjusting the impact of green total factor productivity on agricultural carbon emissions.




3.2 Select variables
 
3.2.1 The interpreted variable

This article defines the explanatory variable as the intensity of Agricultural carbon emissions (CI). The calculation method used in this article is based on the coefficient indicators in IPCC and the method proposed by Li and Zhang (2012), and the following formula for calculating agricultural carbon emissions is established:

[image: image]

Among them, Ci is the total carbon emissions from agriculture, is the carbon emissions from various carbon sources, Ti is the carbon emissions from various carbon sources, δi carbon emission coefficients from various carbon sources are shown in Table 1. After calculating the total agricultural carbon emissions of each province, divided by the total agricultural output value of each province, the agricultural carbon emission intensity CI of each province (10,000 tons/100 million yuan) was obtained.


TABLE 1 Agricultural carbon emission sources and carbon emission coefficients.

[image: Table 1]

According to the Equation 4, we can calculate the total agricultural carbon emissions of each province (city and district) from 2011 to 2020, divide the total agricultural output value of each province, and get the agricultural carbon emission intensity of each province as shown in Figure 2. The top 10 provinces were Jilin, Inner Mongolia, Anhui, Gansu, Ningxia, Xinjiang, Xizang, Shanxi, Hebei, and Tianjin, there are five in Gharbia Governorate, three in Midlands Province and two in Eastern Province, mainly in the less developed areas of western China.


[image: Figure 2]
FIGURE 2
 Total agricultural carbon intensity by province (city, district) from 2011 to 2020.




3.2.2 Core explanatory variables

The core explanatory variable is the level of igital economy development (DEDI). Based on the research of Zhao et al. (2020) and Sidorov and Sencehnko (2020), this paper constructs the index system of digital economy development, as shown in Table 2. The weight of each index is calculated by entropy method, and the data is standardized by principal component analysis.


TABLE 2 Development index system of digital economy.
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3.2.3 Mediating variable

In this paper, the intermediate variable is green agricultural total factor productivity (GTFP). Based on the research results of Guo and Liu (2023) and Ye et al. (2023), this paper constructs an agricultural green total factor productivity measurement system with the integration of economy, resources and environment as shown in Table 3, and the SBM-GML index method is used to calculate.


TABLE 3 Agricultural green total factor productivity measurement system.

[image: Table 3]



3.2.4 Adjustable variable

The regulatory variable of this article is Green Finance (GFI). This article draws on the research results of Lin et al. (2024) and Uche et al. (2024), and constructs a measurement system for the Green Finance Index as shown in Table 4. The comprehensive evaluation index of Green Finance is calculated using the entropy method.


TABLE 4 Green finance index measurement system.
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3.2.5 Control variables

To ensure the validity of the estimates, other factors affecting agricultural carbon emissions were introduced into the model as control variables (shown in Table 5), including (1) Industrial structure (IS), as measured in terms of the ratio of second or tertiary sector of the economy output to GDP; (2) The level of economic development (GDP) is expressed in the form of natural logarithm of GDP; (3) The level of urbanization (URBAN) is expressed by the ratio of URBAN population; (4) The degree of government intervention (GID) is measured by the ratio of fiscal expenditure to GDP. (5) The innovation level (INN) is measured by the logarithm of the acceptance of domestic invention patent applications.


TABLE 5 Variable description.
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3.3 Data sources

This paper selects the balance panel data of 31 provinces (Excluding Hong Kong, Macao and Taiwan) China from 2011 to 2020. The sample data were collected from Statistical Yearbook of China, China Rural Statistical Yearbook, Peking University Digital Inclusive Finance Index, and statistical yearbooks from provinces such as Jilin, Inner Mongolia, Anhui, etc. The descriptive statistical analysis of the main variables is shown in Table 6.


TABLE 6 Results of descriptive statistical analysis of variables.
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According to Table 6, it can be seen that there is a large gap in the development level of green finance among 31 provinces, cities, and districts in China from 2011 to 2020, with a maximum value of 10.758 and a minimum value of 0.489. Similarly, the maximum value of green total factor productivity is 2.363, and the minimum value is 0.755; the maximum value of innovation level is 12.285, and the minimum value is 4.394. This indicates that there is a certain gap in the development level of green finance, green total factor productivity, and innovation level among various provinces and cities in China. In addition, the mean value of agricultural carbon emission intensity is 0.198, and the mean value of digital economic development level is 0.594, indicating that China attaches great importance to agricultural carbon reduction and digital economy development.




4 Empirical analysis


4.1 Steady return

According to Table 7, it can be seen that the variable “digital economic development level,” “green total factor productivity of agriculture,” and “significance p-value of green finance” are 0.002***, 0.001***, and 0.000*** respectively, indicating that they all have a significant impact on agricultural carbon emissions. In addition, the overall significance p-value of the model is 0.000***, and all VIF values are < 10, indicating that the model does not have multicollinearity problems and is well-constructed.


TABLE 7 Linear regression analysis results.
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4.2 Test of mediating effect

In order to explore the impact of digital economy on agricultural carbon emissions, this paper selects agricultural green total factor productivity as an intermediary variable to test. Table 8 shows the test results of agricultural green total factor productivity as an intermediary variable. Model 1 was the direct effect of digital economy (DEDI) on agricultural carbon emissions (CI), Model 2 was the direct effect of green total factor productivity (GTFP) on agricultural carbon emissions (CI), and Model 1 was the direct effect of digital economy (DEDI) on agricultural carbon emissions (CI) Model 3 is the indirect effect model of DEDI on CI.


TABLE 8 Results of mediation analysis.

[image: Table 8]

The empirical results from Table 8 show that the P-value of DEDI in Model 1 is 0.009, and the P-value of DEDI in Model 2 is 0.002, the P-values of DEI and GTFP in Model 3 were 0.034 and 0.006, respectively, which indicated that they all passed the 1% level significance test. The standardized coefficient of DEDI in Model 1 was −0.307, and the regression coefficient was negative, which indicated that the development of DEDI had a negative significant inhibitory effect on CI. The standardized coefficient of DEDI in Model 2 was 0.447, and the positive regression coefficient indicated that DEDI could promote GTFP, and thus indirectly affect CI. The results of Model 3 indicate that the standardized coefficient of GTFP is −0.13. The negative regression coefficient suggests that GTFP has a significant inhibitory effect on CI, confirming Hypothesis 2.



4.3 Bootstrap mediation effect test

Green total factor productivity in agriculture can significantly curb carbon emissions from agriculture. Can green total factor productivity in agriculture be used as an intermediary variable for the impact of the digital economy on carbon emissions from agriculture? Based on this, this paper uses Bootstrap sampling to further test the significance of mediating effect of agricultural green total factor productivity. The empirical results from Table 9 show that, where C represents the regression coefficient (when there is no mediator variable GTFP in the model) for DEDI vs. CI in Model 1, that is, the total effect; A represents the regression coefficient for DEDI vs. GTFP in Model 2; B represents the regression coefficient for GTFP vs. CI in Model 3, and a*b is the product of a and b, that is, the mediating effect.


TABLE 9 Bootstrap mediation effect test summary results.

[image: Table 9]

95% BootCI represents the 95% confidence interval obtained by Bootstrap sampling, which is −0.12 to −0.01. The interval does not include 0, indicating significance. “c” represents the regression coefficient of DEDI on CI in model 3 (when there is a mediator variable GTFP in the model), that is, the direct effect. Because a and b are significant, c' is significant, and a*b has the same sign as c', it indicates that the inhibitory effect of DEDI on CI is reduced after adding GTFP to the regression equation, which has a partial mediating effect. Through the intermediary effect of β1γ2/α1, that is, a*b/c, it can be known that the intermediary effect of GTFP is 18.84%, that is, in the process of DEDI inhibiting CI, GTFP played an intermediary effect of 18.84%, thus verifying hypothesis 3.



4.4 Test for regulatory effect
 
4.4.1 The role of green finance in regulating the comprehensive productivity of green agriculture in the digital economy

The results of Table 10 show that based on the interaction term of digital economy level (DEDI)* Green Finance (GFI), the P-value is 0.046**, the regression coefficient is −0.085, and the interaction term of Model 4 is significant This implies that the regulatory variable GFI has a negative moderating effect on the impact of DEDI on green total factor productivity in agriculture (GTFP), thereby validating the hypothesis 5. The digital economy has a positive effect on green total factor productivity in agriculture, and green finance has a positive effect on green total factor productivity in agriculture, the reason may be that when green finance is added to the green total factor productivity of agriculture, some of the investment in the digital economy may have gone to green finance, indirectly, the digital economy is investing less in green total factor productivity in agriculture.


TABLE 10 Regulation effect analysis results (1).
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4.4.2 Green finance plays a regulatory role in the relationship between agricultural green total factor productivity and agricultural carbon emissions

The results in Table 11 show that Model D is the indirect effect of green finance (GFI) on agricultural carbon emissions (CI) with a P-value of 0.003*** and a regression coefficient of −0.006, the results showed that GFI had a significant negative inhibitory effect on CI, which verified hypothesis 4. Based on the interaction of agricultural green total factor productivity (GTFP)* Green Finance (GFI), the P-value was 0.013**, the regression coefficient was 0.016, and the interaction of Model 5 was significant The implication is that the regulatory variable GFI positively regulates the effect of GTFP on CI, thus validating hypothesis 6.


TABLE 11 Regulation effect analysis results (2).
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4.5 Quantile regression

This article further explores the inhibitory effect of the digital economy on agricultural carbon emissions. It adopts quantile regression analysis to investigate its differential performance under different levels of agricultural carbon emissions. The SPSS 27.0 software is used for analysis, estimating the corresponding parameter values of agricultural carbon emissions at different quantiles. The regression results are shown in Table 12.


TABLE 12 Quantile regression results.
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The results of Table 12 show that the impact of digital economy from low to high quantile on agricultural carbon emissions is significantly inhibited, and with the increasing of agricultural carbon emission intensity, the inhibition of digital economy on agricultural carbon emissions is U-shaped.

The digital economy appears to incentivize businesses and farmers to adopt new production methods and enhance green innovation aimed at reducing agricultural carbon emissions, particularly when the intensity of these emissions is low. At this stage, the existing digital economy sufficiently meets the needs for agricultural carbon emission reduction, leading enterprises and farmers to allocate resources to their production operations, thereby diminishing the inhibitory effect of the digital economy on agricultural carbon emissions. Conversely, as the intensity of agricultural carbon emissions rises, enterprises and farmers face increased pressure to reduce emissions, prompting greater reliance on the digital economy to stimulate green innovation. Consequently, the role of the digital economy becomes more pronounced under these conditions. In this study, the coefficient for green total factor productivity (GTFP) as an intermediary variable was not significant at lower quantiles; however, it exhibited significant effects at higher quantiles, with a negative regression coefficient that displayed an upward trend in absolute value. This suggests that the impact of GTFP on agricultural carbon emissions strengthens as carbon intensity increases, indicating that GTFP becomes increasingly effective at inhibiting emissions. Additionally, green finance, serving as an adjustment variable in this analysis, showed no significant effect on agricultural carbon emissions at lower quantiles, but demonstrated significant effects at higher quantiles. This trend indicates that the inhibitory effect of green finance on agricultural carbon emissions intensifies as emissions increase. Moreover, when control variables were included, both industrial structure and economic development levels were found to significantly contribute to agricultural carbon emissions, exhibiting clear negative inhibitory effects.




5 Conclusions and recommendations


5.1 Research conclusion

This article analyzes the impact of the digital economy on agricultural carbon emissions using provincial panel data from 31 provinces in China covering 2011 to 2020. It finds that the development of the digital economy significantly reduces agricultural carbon emissions directly and indirectly by enhancing the level of socialized services in agriculture. Additionally, agricultural green total factor productivity partially mediates this relationship, while green finance exerts a negative regulatory effect. Specifically, the digital economy improves agricultural green total factor productivity, promoting sustainable agricultural practices and reducing emissions. Furthermore, green finance facilitates the rationalization of industrial structure, enhancing the development of the digital economy and improving agricultural productivity. Heterogeneity analysis reveals that the negative impact of the digital economy on agricultural carbon emissions follows a “U” shape, indicating that as agricultural carbon emissions increase, the inhibitory effect of the digital economy first weakens and then strengthens.



5.2 Policy recommendations
 
5.2.1 Establish and improve the digital economy, perfect the mechanism for green development in agriculture

First, support for advanced technologies like big data and the internet should be strengthened to integrate digital technology with traditional agriculture, advancing green agriculture. Technologies such as sensors and drones can help farmers optimize fertilization, reduce reliance on chemicals, and lower carbon emissions. Continued research and development of green agricultural technologies are also crucial. Second, the government should improve talent acquisition policies and increase financial support for training, establishing educational institutions focused on agricultural technology while providing subsidies for high-tech skills. This approach will promote the development of green agricultural technologies and reduce emissions. Lastly, enhancing the promotion of green agricultural technologies will facilitate their adoption, improve production efficiency, and further decrease carbon emissions.



5.2.2 Developing a differentiated development strategy to promote the coordinated development of the digital economy

First, the government should enhance the promotion of digital technology in agriculture, focusing on increasing agricultural digitization in the western region by deploying technical personnel and popularizing agricultural technology to reduce carbon emissions. Second, economically developed regions, like the central and eastern areas, should be encouraged to support the development of the western regions, thereby narrowing economic disparities and fostering a coordinated economic environment for sustainable agricultural growth. Additionally, the government should strengthen digital learning platforms, allowing farmers to freely access knowledge and improve their skills. By disseminating information on planting techniques, farmers in areas with lower educational levels can enhance their production capabilities, facilitating the integration of agricultural technology with traditional practices and promoting low-carbon agricultural development.




5.3 Theoretical contribution

Our research empirically investigates the direct impact of the digital economy on agricultural carbon emissions by constructing a mediation effect model. It further explores the mediating role of agricultural green total factor productivity and the regulatory effect of green finance. Based on the research findings, the article proposes effective strategies for reducing agricultural carbon emissions, offering a fresh perspective and theoretical reference for the scientific formulation of agricultural carbon reduction policies. Additionally, this study addresses a significant gap in existing literature regarding the mediating role of agricultural green total factor productivity and the regulatory role of green finance.



5.4 Discussion

Liu and Liu (2022), Xin (2023), and Zhongwei and Can (2023) all studied the impact of various variables on agricultural carbon emissions from a single perspective. This article empirically examines the direct impact of the digital economy on agricultural carbon emissions through a mediation effect model, focusing on the roles of agricultural green total factor productivity and green finance. The findings suggest effective pathways for reducing agricultural carbon emissions, providing a new perspective for formulating carbon reduction policies. Additionally, this study addresses the gap in research concerning the mediating role of agricultural green total factor productivity and the regulatory function of green finance.



5.5 Limitations and prospects

The shortcomings of this study primarily relate to sample data selection and indicator calculation. Firstly, the research is constrained by the availability of raw data for each variable, resulting in a limited time span of China, which produces a small overall sample size. Secondly, the calculation of agricultural carbon emissions is based on only six main carbon sources, omitting other significant categories and leading to a lack of comprehensiveness. Future research should consider more detailed survey data or narrow the cross-sectional focus to other city or county levels to enhance reliability. Additionally, improvements in calculating agricultural carbon emissions should incorporate life cycle theory and account for a broader range of carbon sources to increase representativeness.




Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

XX: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. SW: Data curation, Funding acquisition, Resources, Supervision, Validation, Visualization, Conceptualization, Formal analysis, Investigation, Methodology, Project administration, Software, Writing – original draft. XQ: Data curation, Funding acquisition, Resources, Supervision, Validation, Visualization, Writing – original draft. YH: Conceptualization, Resources, Validation, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by Basic Research Program of Liaoning Provincial Department of Education: Research on Low-Carbon Technological Innovation Path and Power Mechanism of Liaoning Province Based on Green Transition and Dual-Carbon Target (LJKMR20220911), Liaoning Provincial Social Science Planning Project: Research on the Evaluation System of Green and Low-Carbon Technological Innovation and the Implementation Path of Scientific and Technological Carbon Reduction Policies in Liaoning Province (L22BJY008), and Key Project of Social Sciences Joint Project of Dalian Polytechnic University in 2024: Research on Theoretical and Practical Issues of Promoting Agricultural Power with New Quality Productivity in the New Era.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Che, H., and Shen, Y. (2022). Green finance promotes a new approach to the development of the digital economy. Gansu Soc. Sci. 2022, 218–225.

 Chen, Y., Hu, S., and Wu, H. (2023). The digital economy, green technology innovation, and agricultural green total factor productivity. Agriculture 13:101961. doi: 10.3390/agriculture13101961

 Duan, H., Zhang, Y., and Zhao, J. (2011). Carbon footprint analysis of farmland ecosystem in China. J. Soil Water Conserv. 25, 203–208. doi: 10.13870/j.cnki.stbcxb.2011.05.020

 Goldfarb, A., and Tucker, C. (2019). Digital economics. J. Econ. Literat. 2019, 3–43. doi: 10.1257/jel.20171452

 Guo, H., and Liu, X. (2023). Can digital rural development promote agricultural green total factor productivity by reducing resource element mismatch? Ningxia Soc. Sci. 2023, 107–117. Available at: https://kns.cnki.net/kcms2/article/abstract?v=At0rObma_qO0fZ143-Y58G2890kvxbaRW4hiBjoH-Ic1KQD8-cCHpuNQ4ikh9K3fkeFOH8Qz1xSM38A_ghH-Av7peYnQgD8PKCHJ9t8WpHaX5CV3vqZiZ2B_ZJrWezoPcbB2vnauXQJq99XQynofTEjyYFz1_dbvHL727v7Pd-SviXIbmMgX0g1kO5hrkkrZQPreydTIXiM=&uniplatform=NZKPT&language=CHS

 He, Y., Wang, J., Gao, X., Wang, Y., and Choi, B. R. (2021). Rural tourism: does it matter for sustainable farmers' income? Sustainability 13, 10440–10440. doi: 10.3390/su131810440

 He, Z. (2024). Green finance, carbon regulation and corporate green total factor productivity. Statist. Decision 40, 155–159. doi: 10.13546/j.cnki.tjyjc.2024.05.028

 IPCC (2013). Climate Change: The Physicle Science Basis Technical Summary. Available at: https://www.ipcc.ch/report/ar5/wg1/

 Jiang, T. (2022). Mediating effects and moderating effects in causal inference. China Industr. Econ. 2022, 100–120. doi: 10.19581/j.cnki.ciejournal.2022.05.005

 Jin, F., and Xu, C. (2022). Research on the nonlinear impact of digital economy development on carbon emissions. Mod. Econ. Res. 2022, 14–23. doi: 10.13891/j.cnki.mer.2022.11.005

 Li, B., and Zhang, J. (2012). Decoupling of China's agriculture carbon emissions and economic development based on the input perspective. Econ. Surv. 2012, 27–31. doi: 10.15931/j.cnki.1006-1096.2012.04.004

 Li, K., Lin, W., Jiang, T., Mao, Y., and Shi, W. (2024). Driving carbon emission reduction in China through green finance and green innovation: an endogenous growth perspective. Environ. Sci. Pollut. Res. Int. 31, 14318–14332. doi: 10.1007/s11356-024-32067-w

 Lin, J., Zhang, L., and Dong, Z. (2024). Exploring the effect of green finance on green development of China's energy-intensive industry-a spatial econometric analysis. Resour. Environ. Sustainabil. 2024:16100159. doi: 10.1016/j.resenv.2024.100159

 Liu, R., and Liu, M. (2022). The impact of green finance development on agricultural carbon emissions—based on the perspective of agricultural technology innovation. Agricult. Technol. 42, 160–163. doi: 10.19754/j.nyyjs.20220815037

 Liu, Y., and Xu, S. (2024). The impact of digital economy development on agricultural carbon emissions: an empirical study from major grain-producing areas. J. Econ. Bus. Manag. 12:780. doi: 10.18178/joebm.2024.12.1.780

 Ma, T. (2011). Evaluation of the current status of carbon sources and sinks in Shanghai's agriculture and analysis of the potential for increasing carbon sinks. J. Agricult. Resour. Environ. 28, 38–41. Available at: https://kns.cnki.net/kcms2/article/abstract?v=At0rObma_qPux31Q861_KTkPDGav9tMr428ZTmAIsqxR1cAoHieYcX5JZfzYXT4vXLj-SBYZI3ommXyxzwWWvOtdcLx7hddKZbpQMgruVo6-8g9iH0HWy1chSkJnBiDvb0io5vNmElxl0i6t6sMyaoAcyLoTPc2KEJr2FjTDkDBt_DzT4yKJno8FOYUSGOO_&uniplatform=NZKPT&language=CHS

 Sidorov, A., and Sencehnko, P. (2020). Regional digital economy: assessment of development levels. Mathematics 8, 2143–2143. doi: 10.3390/math8122143

 Uche, E., Das, N., and Ngepah, N. (2024). Green environments reimagined through the lens of green finance, green innovations, green taxation, and green energies. Wavelet quantile correlation and rolling window-based quantile causality perspective. Renew. Energy 228:120650. doi: 10.1016/j.renene.2024.120650

 Wang, B., and Zhang, W. (2016). A research of agricultural eco-efficiency measure in China and space-time differences. China Popul. Resour. Environ. 26, 11–19. Available at: https://link.cnki.net/urlid/37.1196.n.20160603.1124.042

 Wang, C., Liu, P., Ibrahim, H., and Yuan, R. (2024). The temporal and spatial evolution of green finance and carbon emissions in the Pearl River Delta region: an analysis of impact pathways. J. Clean. Product. 446:141428. doi: 10.1016/j.jclepro.2024.141428

 Wang, H., Liu, H., and Cheng, Z. (2023). Study on agricultural green total factor productivity around Dongting lake. Agricult. Forest. Econ. Manag. 6. doi: 10.23977/AGRFEM.2023.060202

 Wang, W., and Mei, T. (2024). Research on the effect of digital economy development on the carbon emission intensity of agriculture. Sustainability 16:41457. doi: 10.3390/su16041457

 Xie, W., Gao, K., and Yu, J. (2022). Digital economy, industrial upgrading and carbon emissions. Statist. Decision 38, 114–118. doi: 10.13546/j.cnki.tjyjc.2022.17.022

 Xin, D. (2023). The mechanism and effect of digital economy to promote CO2 emission reduction: An empirical investigation based on the green technological progress. Sci. Tech. Prog. Policy 40, 22–32. Available at: https://link.cnki.net/urlid/42.1224.G3.20230928.1305.002

 Xu, X., Huang, X., Huang, J., Gao, X., and Chen, L. (2019). Spatial-temporal characteristics of agriculture green total factor productivity in China, 1998–2016: based on more sophisticated calculations of carbon emissions. Int. J. Environ. Res. Publ. Health 16, 3932–3932. doi: 10.3390/ijerph16203932

 Ye, F., Yang, Z., Yu, M., Watson, S., and Lovell, A. (2023). Can market-oriented reform of agricultural subsidies promote the growth of agricultural green total factor productivity? empirical evidence from maize in China. Agriculture 13, 251–251. doi: 10.3390/agriculture13020251

 Zhang, F. Y., Ji, X. M., and Zheng, Z. X. (2023). Digital economy, agricultural technology innovation, and agricultural green total factor productivity. SAGE Open 13:21582440231194388. doi: 10.1177/21582440231194388

 Zhao, T., Zhang, Z., and Liang, S. (2020). Digital economy, entrepreneurship, and high-quality economic development: empirical evidence from urban China. J. Manag. World 36, 65–76. doi: 10.19744/j.cnki.11-1235/f.2020.0154

 Zhao, X., Cao, S., and Ding, L. (2021). The impact of internet dependence on household carbon emissions-the chain interm nediary role of income gap and consumption upgrade. J. Beijing Inst. Technol. 23, 49–59.

 Zhongwei, C., and Can, T. (2023). Impact of digital economy development on agricultural carbon emissions and its temporal and spatial effect. Sci. Technol. Manag. Res. 43, 137–146. Available at: https://kns.cnki.net/kcms2/article/abstract?v=At0rObma_qM1FLl9n7QPi0JWB4becKFyYOJmtqOfYtF5LqgS_6tPR2UNrbMwoBWCgOnzWWQOfEpHCmr0ypbgAvsjCNTE5jcIiGJn2RLDwvU8B5fr1K_lThFqKiPRnLTuROM4Rh3qIXNkpXBcWH0BMKd5hdbGE_HchebitYibLKrmP_1frJWJz-9W9OnUUxqY7CimhJO1wCI=&uniplatform=NZKPT&language=CHS

Copyright
 © 2024 Xu, Wang, Qin and Han. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsufs-08-1454636-t011.jpg
Model C Model D Model 5

Coefficient t Coefficient i Coefficient i
Const 0539 13473 0.000%** 0.499 11.964 0.000%** 0.564 11.544 0.000"*
Is —0.03 —5.612 0.000%** —0.029 —5.433 0.000%* —0.03 —5.651 0.000**
GDP —0.015 —6.269 0.000%** —0.016 —6.81 0.000%* —0.016 —6.923 0.000%**
URBAN 0.067 2.055 0.041% 0.077 2361 0.019* 0.087 2.694 0.007*
GID —0.048 —2.026 0.044% —0.034 —1414 0.158 —0.03 -1273 0.204
INN —0.018 —6.057 0.000%** —0.01 —2.65 0.008** —0.01 —2711 0.007%*
GTFP —0.084 —3.167 0.002+** —0.094 —3.555 0.000%** —0.158 —431 0.000%*
GFI —0.006 —2.963 0.003*** —0.023 —3211 0.001+**
GTEP*GFI 0.016 2498 0.013*
R 0.376 0.393 0.406
Adjust R 0.363 0.379 0.39
F Fis106) = 30.406, P = 0.000*** Fiz302) = 27.986, P = 0.000*** Fs301) = 25.693, P = 0.000%**

Dependent variable: CIL
% %% % represent significance levels of 1, 5, and 10%, respectively.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Can the digital economy help reduce agricultural carbon emissions? An empirical test based on the moderated mediating effect model



		1 Introduction



		2 Literature review and hypothesis development



		2.1 The direct utility mechanism of digital economy to agricultural carbon emissions



		2.2 The intermediary mechanism of green total factor productivity in agriculture



		2.3 The mechanism of green finance on agricultural carbon emissions



		2.4 The regulatory effect of green finance







		3 Research design



		3.1 Model setting



		3.1.1 Benchmark model and mediating effect model



		3.1.2 Regulatory effect model









		3.2 Select variables



		3.2.1 The interpreted variable



		3.2.2 Core explanatory variables



		3.2.3 Mediating variable



		3.2.4 Adjustable variable



		3.2.5 Control variables









		3.3 Data sources







		4 Empirical analysis



		4.1 Steady return



		4.2 Test of mediating effect



		4.3 Bootstrap mediation effect test



		4.4 Test for regulatory effect



		4.4.1 The role of green finance in regulating the comprehensive productivity of green agriculture in the digital economy



		4.4.2 Green finance plays a regulatory role in the relationship between agricultural green total factor productivity and agricultural carbon emissions









		4.5 Quantile regression







		5 Conclusions and recommendations



		5.1 Research conclusion



		5.2 Policy recommendations



		5.2.1 Establish and improve the digital economy, perfect the mechanism for green development in agriculture



		5.2.2 Developing a differentiated development strategy to promote the coordinated development of the digital economy









		5.3 Theoretical contribution



		5.4 Discussion



		5.5 Limitations and prospects







		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/fsufs-08-1454636-t010.jpg
Variable Model A Model B Model 4

Coefficient t Coefficient t Coefficient (i
Const 0.762 8.951 0.000*** 0717 8.075 0.000%** 0.47 3.096 0.002*+*
IS —0.026 —1.595 0.112 —0.021 —1.28 0.202 —0.018 —1122 0263
GDP 0.006 0.941 0.348 0.005 0.819 0413 0 0.064 0.949
URBAN —0.112 —-1.34 0.181 —0.087 —1.026 0306 —0.103 —1215 0225
GID —0.019 —0.354 0.724 0.003 0.062 0.950 —0.001 —0.01 0992
INN —0.006 —0.938 0.349 0.004 0.423 0.672 0 0.034 0973
DEDI 0.747 3201 0.002** 0.677 2.863 0.004*** 1.187 3424 0.001%+*
GFI —0.007 —1.691 0.092* 0.046 1711 0.088*
DEDI*GFI —0.085 —2.003 0.046*
R 0.087 0.096 0.108
Adjust R® 0.069 0.075 0.084
F Fisiog) = 4.826, P = 0.000"** Fi7302) = 4.57, P = 0.000"* Fszo1) = 4.54, P = 0.000***

Dependent variable: GTEP.
%% % represent significance levels of 1, 5, and 10%, respectively.





OPS/images/math_1.gif





OPS/images/fsufs-08-1454636-t012.jpg
Quantile i i Quantile Quantile Quantile Quantile

0.20 I 0.50 0.60 0.70 (0X:]0)
const 0.467 (0.000°*) 0502 (0.000%*) 0507 (0.000%*) 0553 (0.000%*) 0.603 (0.000%*) 0.652 (0.000%*) 0.654 (0.000%**)
DEDI —0.265(0.010°**) | —0.255(0.007"**) | —0.190(0.050"*) | —0.205(0.040*) | —0.385(0.001***) | —0.458 (0.000**) | —0.554(0.000***)
GTFP —0.007 (0.683) —0.079 (0.000**) | —0.063 (0.003***) | —0.069 (0.004***) | —0.080 (0.003***) | —0.096 (0.001***) | —0.102(0.006***)
GFI —0.002 (0.181) —0.006 (0.000**) | —0.007 (0.000***) | —0.008 (0.000***) | —0.010(0.000*) | —0.012(0.000**) | —0.012(0.000**)
s —0.020(0.023*) | —0.020 (0.005"*) | —0.019(0.007**) | —0.016(0.022**) —0.006 (0.403) 0.008 (0.314) 0014 (0.111)
GDP —0.018 (0.000"%) | —0.018 (0.000**) | —0.017 (0.000%*) | —0.019 (0.000™*%) | —0.012 (0.000%**) —0.005 (0.144) —0.001 (0.779)
URBAN 0.108 (0.004**%) 0.127 (0.000%%) 0099 (0.004*%) 0.107 (0.002***) 0.131 (0.002*%) 0.102 (0.021%*) 0.128 (0.011*%)
GID —0.088 (0.000%**) 0.015 (0.511) —0.014 (0.526) —0.027 (0.242) —0.015 (0.563) —0.027 (0.309) —0.014 (0.646)
INN —0.007 (0.055*%) —0.003 (0.350) —0.007 (0.058*) —0.008 (0.025%) —0.005 (0.250) —0.005 (0.293) —0.002 (0.756)
R 0312 0315 0311 0.306 0.293 0.285 0.266

Dependent variable: CL.
% %% % represent significance levels of 1, 5, and 10%, respectively.





OPS/images/fsufs-08-1454636-t009.jpg
a(pValue) b a*b a*b

a
(Boot  (zValue) (PValue)

SE)
DEDI=> —0.292 | 0.747 0.002** —0.074 0.006** —0.055 0.027 —2.028 0.043*
GTFP=>
CI

*

a*b
(95%BootCl)

—0.12 to —0.01

—0.237

4% % *represent significance levels of 1, 5, and 10%, respectively.





OPS/images/fsufs-08-1454636-t008.jpg
Variable

Coefficient Standardized = Coefficient Standardized = Coefficient Standardized
coefficients coefficients coefficients

Constant 0527 13.078 0000+ - 0.762 8.951 0.000"** - 0583 13.012 0.000"** -
DEDI 0292 —2.647 0009+ ~0.307 0.747 3201 0002+ 0.447 —0237 —2.135 0034 —0.249
Is —0.017 —2247 0.025* —0.19 —0.026 —1.595 0112 —0.162 —0.019 2513 0.013* —0211
GDP —0.012 —3.851 0.000"* —0.236 0.006 0.941 0348 0.069 —0011 3739 0.000"** 0227
URBAN 0.122 3.002 0002+ 0259 —0.112 —134 0.181 —0.135 0.114 2.905 00047 0242
GID —0.03 1202 0230 —0.096 —0.019 —0.354 0724 —0.034 —0.032 —1271 0205 —o.1
INN —0.015 —-477 0000+ —0.384 —0.006 —0.938 0349 —0.091 —0015 —4.962 0.000"** —0.396
GTFP ~0.074 2747 0.006"** —0.13
R 037 0.087 0385
Adjust R? 0357 0.066 0369
F Fg309 = 29.625, P = 0.000"* Fio303) = 4.826, P = 0.000"** F(ra02 = 27.02, P = 0.000***

R HE ¥ represent significance levels of 1, 5, and 10%, respectively.











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Sustainable Food Systems







OPS/images/fsufs-08-1454636-t003.jpg
Indicator Indicator Meaning of the

type name indicator

Investment Land input Area sown for crops Thousand

indicators hectares
Labor input Number of agricultural Ten thousand

employees people

Mechanical Total Power of Thousands of
power agricultural machinery kilowatts
Amount of Agricultural chemical Ten thousand
chemical fertilizer application fold | tons
fertilizer pure quantity
applied
Agricultural ‘Water consumption for Ten thousand
water use agriculture tons

Output Expected Actual agricultural total 100 million

indicators output output value yuan
Undesired Carbon emissions from Ten thousand

output

agriculture

tons






OPS/images/fsufs-08-1454636-t004.jpg
Level 1

indicators

Level 2
indicators

Level 3
indicators

Meaning of the
indicator

Comprehensive
evaluation
index of Green
Finance

Green credit

Share of green
projects in credit

The total amount of
credit for
environmental
protection projects in
the province/The total
amount of credit in the
province.

Green investment

The proportion of
investment in

Environmental
pollution control

environmental investment/GDP
pollution control to
GDP

Green Insurance | Extent of Environmental
promotion of pollution liability
environmental insurance
pollution liability | income/Total premium
insurance income

Green bonds The level of Total Green bond
developmentof | issuance/Total bond
green bonds issuance

Green support The proportion of | Fiscal environmental
environmental protection
protection expenditure/Fiscal
expenditure in the | general budget
fiscal environment | expenditure

Green Fund Proportion of The total market value

Green Funds

of green funds/The
total market value of all
funds

Green rights

Depth of
development of
green rights

Carbon trading, energy
rights trading, emission
rights trading/Total
trading volume of
equity markets






OPS/images/fsufs-08-1454636-t001.jpg
Carbon Carbon Reference sources
sources emission
coefficient

Diesel fuel 0.593 kg-kg™! IPCC, 2013

Fertilizer 0.896 kg-kg™! Oak Ridge National Laboratory
(Ma, 2011)

Pesticides 4934 kgkg™! Oak Ridge National Laboratory
(Ma, 2011)

Agricultural film 5.180 kg-kg™" Institute of Agricultural Resources|
and Nanjing Agricultural
University (Wang and Zhang,
2016)

Irrigation 25 kg-hm=2 Duan et al., 2011

Plowing 312.600 kg-km 2 Liand Zhang, 2012






OPS/images/fsufs-08-1454636-t002.jpg
Level 1

indicators

Comprehensive
development index of
digital economy

Level 2 Level 3 indicator Meaning of the indicator Indicator weight
indicators %)
The development of the Internet penetration rate Number of internet users per 100 people 74.94
internet
The number of professionals in the | Proportion of computer service and software 7.859
internet industry industry personnel
Internet-related outputs Per capita total amount of 0.019
telecommunications services
The number of mobile internet Number of mobile phone users per 100 0.328
users people
Financial inclusion Digital finance promotes inclusive China digital HP Financial Index 16.854
through digitalization development






OPS/images/fsufs-08-1454636-t007.jpg
Variable Non-standardized coefficients = Standardized 2 Adjust R*

coefficients
Standard Beta
error
Constant 0.552 0.039 14117 0.402 0.386 F=253
DEDI —0.292 0.096 —0.306 —3.052 0.002*** P =0.000"*
GTFP —0.080 0.023 —0.140 —3.470 0.001%**
GFI —0.007 0.002 —0.258 —3.966 0.000***
Is —0.016 0.007 —0.178 —2.468 0.014*
GDP —0.014 0.003 —0.289 —5.599 0.000""*
URBAN 0.136 0.034 0.289 4.031 0.000***
GID —0.003 0.022 —0.010 —0.150 0.881
INN —0.006 0.004 —0.162 —1.791 0.073*

Dependent variable: CI.
% %% % represent significance levels of 1, 5, and 10%, respectively.





OPS/images/fsufs-08-1454636-t005.jpg
Variable

Operationalization

Data
source

References

Agricultural | Calculate the total Statistical Liand Zhang,
carbon agricultural carbon Yearbook 2012
emissions emissions for each of China
wn province (city, district)

from 2011 to 2020, and

then divide it by the total

agricultural output value of

each province.
Level of Constructing a system of Peking Zhao etal.,
igital indicators for the University | 2020; Sidorov
economy development of the digital Digital and
development | economy, using the Inclusive Sencehnko,
(DEDI) entropy method to Finance 2020

calculate the weight of each | Index

indicator.
Green Construct a comprehensive | Statistical Guo and Liu,
agricultural agricultural green total Yearbook 2023; Yeetal,
total factor factor productivity of China 2023
productivity measurement system
(GTFP) integrating “economy-

resource-environment.”
Green The data of green finance Statistical Linetal,
Finance index for various Yearbook 2024; Uche
(GFI) prefecture-level cities in of China etal, 2024

China is calculated using
entropy method.






OPS/images/fsufs-08-1454636-t006.jpg
Sample size Maximum = Minimum Average Standard Median Variance

deviation
a 310 0.399 0.049 0.198 0.062 0.193 0.004
DEDI 310 0.886 0.486 0.594 0.065 0.58 0.004
GTFP 310 2362 0.755 1.074 0.109 1.062 0.012
GFI 310 10758 0.489 4292 2.355 4389 5.548
Is 310 5297 0518 1225 0.686 1.073 047
GDP 310 9.298 2.199 4.737 1.261 4.606 1.59
URBAN 310 0.896 0.228 0581 0.131 0.57 0.017
GID 310 1.334 0.11 0281 0.195 0.229 0.038
INN 310 12285 4.394 9.429 1.587 9.565 2519






OPS/images/cover.jpg
& frontiers | Frontiers in Sustainable Food Systems

Can the digital economy help
reduce agricultural carbon
emissions? An empirical test
based on the moderated
mediating effect model





OPS/images/fsufs-08-1454636-g001.gif
"

Pne—

us

e
o fatr
pobisiy
3
e~
Hi

H

)

Agicsnt






OPS/images/math_6.gif
(6)





OPS/images/fsufs-08-1454636-g002.gif
§§§§§§

x«y ¢ :;;f LIPS L. sfwﬁ»f‘






OPS/images/math_3.gif





OPS/images/math_2.gif





OPS/images/math_5.gif
G + OGTFPin + GFly + CGGTFPin X GFlin
4 AXiy + Cin ()






OPS/images/math_4.gif
GIFPin = bo + O\DEDIin + 02GFlin + D3DEDlin X GFlin
+ AXin + win (4)





