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With frequent occurrences of global public events, the prices of national grains continue to soar. As one of the countries with the largest populations globally, China has always regarded food security as a fundamental cornerstone of its development. However, with the continuous emergence of factors such as urbanization, scarcity of land resources, and climate change, China’s food security faces unprecedented challenges. Hence, this study empirically examines the impact of digital inclusive finance on multi-dimensional food security based on panel data from 30 provinces in China from 2011–2020. The research found that China’s multi-dimensional food security level from 2011–2020 showed a stable yet rising trend, with the spatial pattern of each location generally consistent with the overall trend. The Theil index for China’s multi-dimensional food security showed an upward trend from 2011–2020. Digital inclusive finance can promote multi-dimensional food security. The breadth of coverage and depth of use of digital inclusive finance have a significant promoting effect on safeguarding multi-dimensional food security, while the degree of digitization has not played a promoting role. Digital inclusive finance mainly ensures multi-dimensional food security through two pathways: promoting urbanization levels and enhancing marketization levels.
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Introduction

Since 2020, the world has been confronted by the challenges of the COVID-19 pandemic, international political instability, and climate change, all of which have impacted the global food system and threatened food security. The ‘2020 State of Food Security and Nutrition in the World’ report indicates that it is estimated nearly 690 million people globally, or 8.9% of the world’s population, are facing hunger. The ‘2022 Global Food Crises Report’ reveals that in 2021, about 193 million individuals in 53 countries and regions experienced severe or even more critical food insecurity (IPC/CH Phase 3–5). This is an increase of nearly 40 million compared to the record numbers in 2020. In 2022, the escalating conflict between Russia and Ukraine significantly disrupted the international food supply chain, once again jeopardizing global food security. As leading global producers and exporters of food, Russia and Ukraine play a pivotal role in the global food supply and food security systems. Data from the United Nations Food and Agriculture Organization in 2020 show that the productions of sunflower seeds, wheat, barley, and corn by Russia and Ukraine account for 63%, 29%, 27%, and 20% of global output, respectively. Since the outbreak of the conflict between these two nations, declining food production efficiency and levels, coupled with a deteriorating export situation, have caused imbalances in global food supply and demand and intensified price fluctuations in international food markets. This has variably impacted food supply, access, utilization, and stability among countries (Mingming and Changhong, 2019). According to the FAO’s ‘Food Outlook—An Annual Report on Global Food Markets’, it is projected that the global grain output (including wheat, corn, rice, barley, and other coarse grains) for 2022–2023 will be 2.785 billion metric tons, a decrease of 0.58% from 2021–2022 and the first decline in four years. Global food security requires a concerted effort on the international stage. The United Nations, in its ‘2030 Agenda for Sustainable Development’, has set Sustainable Development Goal 2 (SDG2), which commits to eliminating hunger, achieving food security, improving nutrition, and promoting sustainable agriculture by 2030, also known as the ‘Zero Hunger’ target. However, due to various challenges, including the spread of COVID-19, the goals of ending food insecurity and all forms of malnutrition remain distant (Jennifer and Moseley, 2020).

In recent years, China’s agricultural structure has been continually optimized, its regional layout has become more rational, and grain production has seen consecutive bountiful harvests. Using only 7% of the world’s arable land, China has addressed the food needs of 22% of the global population (Wang et al., 2023), setting an exemplary role in facing the challenges of food security. However, with the acceleration of China’s economic growth and urbanization, the demand for food has further increased, leading to issues such as rising grain prices and an imbalance between supply and demand. The situation regarding food security remains severe. As shown in Table 1, the development trend of China’s harvested area from 2011 to 2020 can be broadly divided into two phases: from 2011 to 2015, it gradually rose to a peak of 69,613,163 hectares, and from 2016 to 2020, it declined annually to 64,692,788 hectares. Between 2011 and 2020, China’s grain yield per unit showed a fluctuating upward trend, reaching its highest value of 144,141 hg/ha in 2020, an increase of 11.8% compared to 2011. From 2015 to 2019, China’s share in the international grain market increased annually, rising to 4.40% in 2019, but dropped to 3.57% in 2020. It’s evident that both China’s harvested area and its share in the international market were affected by the COVID-19 pandemic in 2020. Coupled with the challenging international trade situation, and as the world’s leading grain importer and consumer, disruptions in China’s grain logistics, instability in the grain market, and changes in the supply and demand structure inevitably impact the safeguarding of China’s food security. With the introduction of the “macro food perspective,” striking a balance between the sustainable development of agriculture, ecological protection, and the balanced advancement of agricultural modernization, while ensuring food security, holds significant practical importance.



TABLE 1 Grain yields and harvested area in China, 2011–2020.
[image: Table1]

However, addressing food security requires substantial financial support, necessitating not only government fiscal inputs but also active participation from social capital. In recent years, with the rise of digital technology, China’s digital inclusive finance has emerged as a new financial development model, demonstrating remarkable progress. Firstly, compared to traditional finance, digital inclusive finance offers consumers a more convenient channel for accessing funds. Leveraging automation technology, digital inclusive finance can swiftly process a vast number of loan applications and transaction requests. Unlike traditional finance, which might require days or even longer to process, digital inclusive finance can expedite intermediate and final processing, offering faster access to funds. Relying on digital technology and internet platforms, it streamlines financial transactions, eliminating some of the complexities and time costs inherent in traditional finance, thus providing consumers with a more accessible means of obtaining funds. Secondly, the barriers to entry for digital inclusive finance are lower than those of traditional financial institutions like banks. Digital financial products and services tailored for rural areas are also constantly expanding. This is because digital inclusive finance trusts advanced technologies and risk assessment methods, enabling a more detailed evaluation of an individual’s credit risk. The combination of small-loan models and trusted risk assessment approaches provides more people with loan opportunities, achieving the characteristic of low interest rates. Moreover, major financial institutions have successively launched services like “HuiNong e-Pay,” “YiNong Loan,” “KaiXin Loan,” “NongFa Loan,” and “YiLong Loan” to cater to the borrowing needs of rural residents. This boosts residents’ investments in grain production, further ensuring food supply safety. Thirdly, digital inclusive finance offers residents the convenience of transaction methods. Traditional finance usually requires consumers to visit physical banks or financial institutions for services, such as loans or deposits. In contrast, digital inclusive finance, through internet platforms and mobile applications, enables consumers to conduct financial transactions anytime and anywhere, free from time and location constraints. The ongoing development of digital inclusive finance has spurred the rapid proliferation of e-commerce, increasing employment opportunities for residents (Acemoglu and Restrepo, 2018; Hjort and Poulsen, 2019), reducing market frictions (Dana and Orlov, 2014), and raising residents’ income. This, in turn, enhances the availability of food (Ahmed and Lorica, 2002), effectively improving food security.

Based on this, our study embarks from the perspective of digital inclusive finance, using multidimensional food security as the entry point. Utilizing panel data from 30 provinces in China from 2011 to 2020 (excluding Tibet and the Hong Kong, Macao, and Taiwan regions), we empirically test the impact of digital inclusive finance on multidimensional food security. The aim is to provide a feasible digital path for achieving sustainable agricultural development. The potential marginal contributions of this paper are: firstly, this research is the first to integrate digital inclusive finance with multidimensional food security within the same research framework, exploring the influence of digital inclusive finance on multidimensional food security. This provides a reference basis for constructing a sound digital inclusive financial system to ensure multidimensional food security. Secondly, taking into full account the rural development situation in China, we construct a multidimensional food security index system from three dimensions: supply side, sustainability, and liquidity. This not only extends the prevailing research on food security but also aligns with the ecological goals of the “big food view” – effectively assessing ecological protection and sustainable agricultural development. This approach encourages a better practice of the “big food view,” offers a comprehensive evaluation of food security from multiple dimensions, and establishes a more comprehensive food security assessment system. This system closely aligns with the actual food security situation in our country. Additionally, we employ the Theil index to analyze the regional disparities in China’s multidimensional food security. Thirdly, our research discovers that digital inclusive finance can ensure multidimensional food security. This security can be further safeguarded by promoting urbanization levels and enhancing marketization levels. Fourthly, the study reveals the heterogeneous impact of digital inclusive finance on multidimensional food security from three dimensions: coverage breadth, usage depth, and the degree of digitization.



Literature review and research hypothesis


Literature review and brief commentary

With the development of urbanization in China, a large number of rural laborers have migrated to cities from the countryside, significantly impacting food production and further intensifying the pressing situation of food security in the country. However, the nation is founded on its people, and for the people, food is paramount. Thus, paying attention to the multidimensional food security of residents becomes especially significant. Scholars have extensively discussed related issues, and the literature relevant to this study mainly encompasses multidimensional food security and digital inclusive finance.



Multidimensional food security, evaluation systems and influencing factors

With the continuous improvement of production capabilities and human living standards, the concept of multidimensional food security has been continually enriched and deepened. In 1974, during the outbreak of the world food crisis, the Food and Agriculture Organization (hereinafter referred to as FAO) first introduced the concept of ‘food security’, which means ‘ensuring that everyone has access to the sufficient food required for survival and health at all times’. This definition emphasized the need to ensure food security mainly from the perspective of food supply by developing production and increasing reserves. In 1983, with the rapid development of the world economy, the FAO redefined food security as: ‘ensuring that everyone can buy and afford the basic food they need at all times’. This definition incorporated the consumer’s purchasing power into the analytical framework of food security, expanding from merely being able to buy to affording to buy. In 1996, the FAO once again revised the concept of food security to ‘ensure that all people have physical and economic access to sufficient, safe, and nutritious food at all times to meet their dietary needs and food preferences for an active and healthy life’. This concept introduced safety, nutrition, and other elements, reflecting the new demands arising from improved living conditions, raising the threshold for food security, and becoming a widely recognized and applied normative concept of food security. In 2001, the FAO emphasized the quantity, quality, and ecological safety of food in its definition of food security. As times evolved, global food security governance shifted its focus from merely production to sustainable production, consumption, and development. It moved from solely concentrating on food security to integrating food safety with nutrition. Consequently, food security has been endowed with more attributes and roles (Kejing and Xingyu, 2023).

The increasingly diversified concept of multidimensional food security has led to varying assessment systems. Firstly, in 1974, the FAO introduced the global food security coefficient. This index states that grain reserves should be greater than or equal to 17–18% of the annual consumption, and this value was set as the threshold for food security. However, since FAO’s evaluation standard only pertains to global food supply, it cannot comprehensively and scientifically reflect the global food security situation. As a result, Godfray et al. (2010) approached it from the perspectives of global food consumption, health, and effects, using seven metrics: ‘per capita dietary energy supply, prevalence of undernourishment, mortality rate of children under five, underweight rate, and the ratio of cereals and tubers in the dietary energy supply’ as evaluation standards. However, different regions might have varying food distribution situations, so this food security index system is not tailored to specific local needs. Secondly, Hannah et al. (2018), focusing on three key nutritional categories – “calories”, “digestible protein”, and “fats” – initially mapped India’s food system from crop production to household level, conducting scenario simulations for India’s food security status in 2030 and 2050. Thirdly, Yousaf et al. (2018) used the Dietary Intake Assessment (DIA), Household Food Insecurity Access Scale (HFIAS), and Household Dietary Diversity Score (HDDS) to investigate the food security status of both farming and non-farming families in Pakistan. The results indicated that farming families have better food security than non-farming families. The multidimensional food security mentioned in this article is based on the ecological objectives of the ‘big food’ perspective. It emphasizes not only ensuring the nutritional health of the public but also adheres to the ecological concept that ‘green mountains and clear water are as valuable as gold and silver’. It also stresses the balanced development of agricultural modernization and ecological protection (Zhigang and Meng, 2023). Drawing from the research findings of Yanlei et al. (2019), Jianli and Yongkuo (2014), and Yuanhong et al. (2015), the comprehensive evaluation system for multidimensional food security is constructed from specific indicators such as grain yield/permanent population, grain sown area/crop sown area, provincial agricultural fertilizer use, provincial plastic film usage, provincial pesticide usage, provincial grain price index, and total road mileage/regional area.

To safeguard multidimensional food security, it’s crucial to understand the factors that impact its development. From the perspective of developed countries, the U.S. believes that food rights can restrict and hinder the growth of national food security (Anderson, 2013), and achieving food security requires engaging in international trade (Mooney, 2022). For areas like Alaska, a range of climatic and socio-economic factors have disrupted the ability to achieve food security using locally available food resources (Loring and Gerlach, 2008). In contrast, in less developed countries like India, it’s believed that a lower socio-economic status and indebtedness are the primary risk factors for food insecurity (Dharmaraju et al., 2018). For developing countries, the main factors affecting household food security include family size, monthly income, food prices, medical expenses, and debt, as well as market accessibility factors (distance to roads and transportation costs) (Ijaz et al., 2017).



Digital inclusive finance

Digital inclusive finance is an extension and expansion of inclusive finance combined with internet technology. In 2016, the “G20 High-Level Principles for Digital Financial Inclusion” defined digital inclusive finance as “broadly referring to all actions that promote inclusive finance through the use of digital financial services, including the application of digital technologies to provide a range of formal financial services for groups that are unserved or underserved by financial services. The financial services provided can meet their needs, are delivered in a responsible and affordable manner, and are sustainable for the providers.” In 2016, a report by the GPFI released at the G20 summit elaborated on this and called on countries to devise digital inclusive finance development strategies in line with their national conditions, leveraging its digital convenience to enhance service levels and promote comprehensive economic development. Digital inclusive finance, by harnessing the advantages of big data and artificial intelligence, broadens its service coverage and elevates the service level (Nevvi et al., 2018), effectively reducing transaction costs and barriers to access diverse financial services, thereby accentuating the “universal” and “beneficial” aspects of inclusive finance (Guo et al., 2016). With the strong backing of digital technology, digital inclusive finance enables groups previously excluded from traditional financial services to access required products and services more conveniently through digital means, allowing low-income populations to obtain credit services at a lower cost (Schmied and Marr, 2016). This creates opportunities for increased wealth and welfare gains, helping to improve income levels, alleviate poverty (Mohammed et al., 2017), and mitigate regional development imbalances (Sehrawat and Giri, 2016). The “G20 High-Level Principles for Digital Financial Inclusion” definition of digital inclusive finance has been widely adopted and recognized by scholars. This article, when exploring the impact of digital inclusive finance on multidimensional food security, also employs the aforementioned definition and uses the “Peking University Digital Inclusive Finance Index (2011–2020)” compiled by the Digital Finance Research Center’s task force at Peking University. This index measures the 30 provinces (excluding Hong Kong, Macao, Taiwan, and Tibet) based on three sub-indicators: “coverage breadth,” “usage depth,” and “digitalization level.”



Financial impact on food security

Finance has a close relationship with global food security. Finance not only involves the flow of funds but also encompasses international trade, supply chain management, and market stability, all of which impact global food security. Firstly, finance offers capital and financial instruments, supporting the transnational circulation of food, which is a vital means to ensure a balance in food supply and demand across regions (Irwin and Thierfelder, 2007). Secondly, international financial policies, tariffs, and trade duties influence food imports and exports. High tariffs might restrict certain regions from accessing the food they need, while trade liberalization could foster food supply. Developing countries often need to import food from the international market, making trade finance crucial for their food security (Ingco and Nash, 2004). Furthermore, finance can provide the necessary funds and credit to support these countries’ procurement and assurance of food supplies (Laborde Debucquet and Martin, 2017). Lastly, financial technological innovations like blockchain and digital payments, when applied in the realm of trade finance, can enhance the processes of trade finance by increasing efficiency and transparency, thereby promoting food trade and global food security (Nivievskyi and Falkowski, 2018).



Literature review

After reviewing and summarizing relevant literature, it was found that existing research primarily focuses on the connotations of multi-dimensional food security, its grading system, and its influencing factors, with less attention paid to the role of finance in safeguarding multi-dimensional food security. Among the scattered studies, Erokhin et al. (2014) argue that since farmers’ incomes are lower than urban residents, the best way to increase farmers’ income is to establish a diversified financial system. This would allow them to utilize the natural advantages of rural areas, develop rural tourism, and boost farmers’ earnings. Narayanan (2016) used India as a case study and explored the relationship between agricultural credit and agricultural GDP through a mediating analysis framework. The research found that investments in agricultural credit positively impact the growth of agricultural GDP. Castro and Teixeira, 2012 based on a theoretical study, analyzed the effect of agricultural credit on agricultural yield in Brazil, with results indicating that the level of agricultural credit can significantly enhance agricultural output, thereby ensuring food security. Clearly, the aforementioned studies generally discuss the role of traditional finance in multi-dimensional food security. With the development of digital inclusive finance, safeguarding multi-dimensional food security by utilizing digital inclusive finance could be a significant entry point. Regrettably, there is a dearth of studies directly exploring the impact of digital inclusive finance on multi-dimensional food security. Hence, this research constructs a multi-dimensional food security system, investigates the influence mechanism of digital inclusive finance on multi-dimensional food security, and is committed to providing a robust basis for ensuring food security and achieving sustainable agricultural development.




Theoretical analyses and research hypotheses


Analysis of direct channels for digital financial inclusion to guarantee multidimensional food security

In today’s era, digital inclusive finance has become an essential tool for promoting agricultural and rural economic development, with a particularly notable direct impact on multi-dimensional food security. It transcends the limitations of traditional financial services, allowing groups previously marginalized within the traditional financial system—especially small-scale farmers in rural areas and those in remote regions—access to financing. This grants them easy access to funds, providing substantial economic support, enabling them to purchase advanced agricultural technology, seeds, and other essential resources, thereby boosting agricultural productivity and enhancing crop yield and quality. Moreover, digital inclusive finance offers farmers more flexible risk management tools, such as agricultural insurance, mitigating their losses from extreme weather, pests, and other unforeseen factors, ensuring a stable food supply. Furthermore, it provides farmers with real-time market information, enabling them to make more precise planting and selling decisions, optimize their product structure, thereby yielding higher profits and ensuring their economic interests and food accessibility. Digital inclusive finance also promotes transparency in the agricultural supply chain; every stage from planting and harvesting to sales can be traced and managed, guaranteeing food quality and safety, and bolstering consumer confidence. Lastly, it offers farmers a platform for information sharing, learning, and mutual assistance, helping them continuously enhance their agricultural knowledge and skills, further strengthening their ability to address complex and ever-changing food security challenges. In summary, digital inclusive finance provides comprehensive support to farmers in areas like financial service penetration, productivity enhancement, risk management, market transparency, and education and training. All these factors directly contribute to the continuous and robust development of multi-dimensional food security, offering new perspectives and tools for achieving global food security. Thus, we propose Hypothesis 1:


H1: Digital inclusive finance facilitates the promotion of multi-dimensional food security
 



Analysis of indirect channels for digital financial inclusion to guarantee multidimensional food security

Firstly, the mediating role of urbanization level. With the deepening advancement of financial aid for rural revitalization, digital inclusive finance, with its advantages of inclusivity and convenience, plays a role in achieving comprehensive rural revitalization and coordinated urban–rural development. This is the essence of the development of digital inclusive finance (Mingwang and Jiaping, 2019). The fusion of inclusive finance and digital technology gives rise to digital inclusive finance, which, while exhibiting its inclusive characteristics, leverages its advantages in coverage and digitization to optimize urban–rural financial resource allocation. This narrows the income gap between urban and rural residents, achieves coordinated regional development, and enhances the construction of the rural financial system and the financial service environment. It plays a vital role in upgrading the industrial structure, promoting the domestic macro cycle, and coordinating urban–rural development, further consolidating and advancing new urbanization development. The growth of digital inclusive finance aids in the mobility of production factors across industries and regions, significantly driving urbanization (Jianjun et al., 2022). On one hand, urbanization aids in refining the market economy system, increasing residents’ income and improving living standards, thereby continuously raising the demand for food and increasing investment in food production capital. On the other hand, with urbanization’s progression, the growth of digital inclusive finance spurs the fintech industry, creating more job opportunities, especially in rural areas. This helps raise rural residents’ incomes, enhancing their ability to purchase food and other essentials. It also offers opportunities for residents to enhance their capabilities and learn about new agricultural technologies. Only with continuous advancement in agricultural production techniques can land output, resource conversion, and the economic benefits of agricultural production be effectively improved, ultimately promoting food security. Based on the above analysis, we propose Hypothesis 2:


H2: Digital inclusive finance can promote multi-dimensional food security by elevating the level of urbanization.
 

Secondly, the mediating role of marketization level. Digital inclusive finance can refine and enhance information quality through information technology and internet technology, thus mitigating issues arising from information asymmetry, more efficiently allocating financial resources, and forming a large-scale market. As market conditions continually improve, farmers get more opportunities to increase their income, solidifying the foundation for capital accumulation. From a developmental perspective, there’s an inverted U-shaped relationship between digital inclusive finance and marketization level. The early ‘wild growth’ development approach somewhat disrupted existing market rules and order, but later began promoting a higher level of marketization (Jizeng and Hao, 2022). From a financial function perspective, digital inclusive finance, through new technology, empowers the financial market and intermediaries. It effectively reduces market friction, alleviates information asymmetry in market operations, promotes financial marketization, and facilitates the efficient allocation of financial resources (Jiang, 2022). A higher marketization level indicates more innovative resources in that area (Chunjuan and Yang, 2020). For instance, establishing new agricultural e-commerce platforms supported by technologies like the internet, IoT, etc., can, through smart warehousing and blockchain technologies, enhance the efficiency and safety of agricultural product circulation (Junshan and Wenyu, 2022), improve financial infrastructure in rural areas, and expand financial service coverage. This connects agricultural products to broader markets, increasing farmers’ sales channels and food sales income, ultimately ensuring national food security and building a strong food industry (Baoming et al., 2018). Digital inclusive finance also increases the financial inclusion of rural residents, making it easier for them to participate in market transactions, which aids in improving the circulation and sale of agricultural products, promoting market supply–demand balance, and stabilizing food prices. The higher the marketization level, the more standardized the product circulation, factor mobility, and information transmission, making it easier to prevent risks in the food market (Gai, 2013). Taking European countries as an example, comparing multi-market research on food regulation’s impact on food prices between the UK and Australia shows that the higher the marketization level, the more stable the food prices (Ghosh, 2016). Based on the above analysis, we propose Hypothesis 3:


H3: Digital inclusive finance can promote multi-dimensional food security by elevating the level of marketization.
 




Measurement of multidimensional food security levels and analysis of their evolutionary trends and regional differences


Construction of a comprehensive multidimensional food security evaluation indicator system

The construction of a multi-dimensional food security index system not only needs to be based on the global implications of multi-dimensional food security but also needs to be in line with China’s national conditions and grain situation and keep pace with the times, reflecting the United Nations’ Sustainable Development Goals at a higher level. Therefore, drawing on the research findings of Yanlei et al. (2019), Jianli and Yongkuo (2014), and Yuanhong et al. (2015), this article establishes a comprehensive evaluation system for multi-dimensional food security, comprising three secondary indices: supply side, sustainability, and circulation, and seven specific indices such as per capita grain output, the proportion of grain sown area, and the application amount of agricultural fertilizers, as shown in Table 2.



TABLE 2 Comprehensive multidimensional food security evaluation index system in China.
[image: Table2]



Data sources

This study conducts an empirical test on the relationship between digital inclusive finance and multi-dimensional food security based on panel data from 30 provinces in China from 2011 to 2020 (excluding Tibet and the Hong Kong, Macau, and Taiwan regions). The data on digital inclusive finance comes from the Digital Financial Inclusion Index compiled by the Digital Finance Research Center of Peking University for the years 2011–2020. The rest of the data primarily originates from the “China Statistical Yearbook” for 2012–2021, “China Rural Statistical Yearbook,” “China Household Survey Yearbook,” and the statistical yearbooks of various provinces over the years.



Results of the multidimensional food security index measurements and their evolutionary trends

This study employs the entropy method to calculate the multi-dimensional food security index for 30 provinces in China. Although provinces in our country are categorized based on grain supply and demand into main grain-producing areas, primary grain-selling areas, and balanced production-sales areas, China’s vast territory means there are significant differences in regional resource endowments, levels of economic development, social living conditions, and digital infrastructure. The eastern, central, and western regions vary in economic development and digital infrastructure, which in turn exerts certain impacts on food security. Consequently, this paper focuses on the degree of regional disparities within China and further decomposes the overall difference in multi-dimensional food security into intra- and inter-regional differences for comparison across the eastern, central, and western regions. A higher multi-dimensional food security index signifies a greater level of food security in China. Figure 1 illustrates the trend in the multi-dimensional food security index for China overall and for the eastern, central, and western regions from 2011 to 2020. Specifically, from 2011 to 2012, China’s multi-dimensional food security level experienced a decline, with the index dropping from 0.3772 to 0.3196, a decrease of 15.27%. In the eastern, central, and western regions, the declines were 20.99, 14.37, and 12.27%, respectively. From 2012 to 2020, China’s multi-dimensional food security level showed a gradual improvement, with the index rising from 0.3196 to 0.3494, an increase of 9.32%. The eastern, central, and western regions saw increases of 5.42, 12.90, and 9.30% respectively, with the central region experiencing the highest growth rate in its multi-dimensional food security index, and the gap in food security levels between the central and western regions gradually diminishing.

[image: Figure 1]

FIGURE 1
 Trend of China’s multidimensional food security index, 2011–2020.




Analysis of regional differences in multidimensional food security

The Theil index was used to measure the degree of regional variation in China’s multidimensional food security and to further decompose the overall variation in China’s multidimensional food security into intra- and inter-regional variation within the three major regions of the East, the Middle East, and the West in order to study the degree of regional variation in China’s multidimensional food security and its associated contribution. The formula for measuring the Theil index is as follows:

[image: image]
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In Eq. (1), T is the overall difference Theil index of China’s multidimensional food security, and its value is located in [0, 1], the smaller the Theil index is, the smaller the overall difference of China’s multidimensional food security is; b is the province, a is the number of provinces, Kb is the multidimensional food security level of the province b, and it is the average value of China’s multidimensional food security. In Eq. (2), Tr is the overall difference Theil index of region r, ar is the number of provinces in region r, is the multidimensional food security level of province b in region r, and is the average value of multidimensional food security in region r. In Eq. (3), the overall difference Theil index of multidimensional food security can be further decomposed into the intra-region difference Theil index Tn and the inter-region difference Theil index Tw. As can be seen in Table 2, from the perspective of the overall difference, China’s multidimensional food security Theil index shows an upward trend from 2011 to 2020, from 0.0256 in 2011 to 0.0562 in 2020, indicating that the differences in the level of multidimensional food security in China are gradually expanding. In terms of regional differences, the contribution rate of interregional differences was generally higher than that of intra-regional differences from 2011 to 2018, indicating that the overall differences in China’s multidimensional food security mainly originated from inter-regional differences. However, from 2019 onwards, the contribution rate of intra-regional differences is higher than that of inter-regional differences, so it is necessary to continue to pay attention to the trend of China’s multidimensional food security in the future (see Tables 3, 4).



TABLE 3 Multidimensional food security Theil index and its contribution.
[image: Table3]



TABLE 4 Descriptive statistics results.
[image: Table4]




Study design and modelling


Model setup


Benchmark model

Based on the previous theoretical analysis, this study constructs a two-way fixed-effects model to test the impact of digital financial inclusion on multidimensional food security, with all variables in logarithmic form. The specific benchmark model is set as follows:

[image: image]

Eq. (4) where i denotes province (city, autonomous region), t denotes year, FOOD denotes multidimensional food security; DFI denotes digital financial inclusion; is the ensemble of control variables; is the parameter to be estimated, with an expected sign of negative; is a province fixed effect, is a time fixed effect, and is a random disturbance term.



Mediating effect model

To further explore the transmission mechanism of digital financial inclusion in affecting multidimensional food security, the following mediation effect model is constructed with reference to Zhonglin and Baojuan (2014):
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Eq. (5) represents the model of the total effect of digital financial inclusion on multidimensional food security, Eq. (6) represents the model of the effect of digital financial inclusion on the mediating variables (including the level of urbanisation and the level of marketisation), and Eq. (7) represents the model of the effect of digital financial inclusion and the mediating variables together on multidimensional food security. Where A1 is the total effect of digital inclusive finance on multidimensional food security; B1 is the effect of digital inclusive finance on intermediary variables; and C1 is the effect of intermediary variables on multidimensional food security after controlling the effect of digital inclusive finance. If the regression coefficients A1, B1, and C1 in Eqs. (5)–(7) are significant then it indicates that there is a mediating effect, and the mediating effect is tested.




Variable data sources


Explanatory variable


Multidimensional food security (lnFOOD)

The multidimensional food security index for 30 Chinese provinces from 2011 to 2020 was obtained by the entropy method.




Core explanatory variable


Digital inclusive finance (lnDFI)

The lnDFI is used for 30 provinces of the Peking University Digital Inclusive Finance Index (2011–2020) (excluding Hong Kong, Macao, Taiwan and Tibet) compiled by the research group of Peking University Digital Finance Research Center, which contains the total indicators of the “Digital Inclusive Finance Index” and the sub-indicators of “breadth of coverage The index consists of the general index of “Digital Inclusive Finance Index” and sub-indicators of “breadth of coverage,” “depth of use” and “degree of digitization,” measuring the digital inclusive finance index from multiple dimensions and reflecting the development trend of digital inclusive finance in different regions of China in a more comprehensive manner.




Mediating variables

Level of urbanisation (lnURBAN) and level of marketisation (lnMARKET). (1) The level of urbanisation (lnURBAN) is expressed using the ratio of the resident urban population to the total resident population. (2) Marketisation level (lnMARKET) is used to measure the marketisation index by province in China as reported by Xiaolu et al. (2021).



Control variables

In order to comprehensively analyze the impact of digital inclusive finance on multidimensional food security and its mechanism of action, the following control variables were incorporated into the econometric model in this study with reference to previous scholars: (1) Import dependence (lnIMP): total import trade converted to RMB denominated at the current year’s exchange rate and divided by regional GDP; (2) Share of primary industry (lnIND). (3) Level of economic development (lnPGDP): real GDP; (4) Level of infrastructure development (lnINF): measured by the area of urban roads per capita; (5) Level of education of the population (lnEDU): the average number of years of education of the population, as follows: average number of years of education of the population = (primary school number of people × 6 + number of junior high school students × 9 + number of senior high school students × 12 + number of college students and above × 16)/total population aged 6 and above in the region.





Empirical findings and analyses


Benchmark regression results and analyses

Before conducting the baseline regression, it is essential to determine whether there is multicollinearity among the variables. The results show that the VIF (Variance Inflation Factor) values of all variables are less than 10, with an average of 2.58, indicating that there is not severe multicollinearity, thus regression analysis can be performed. When testing for individual effects, the F-test value is 51.69, with a p-value of 0.000. Using the LSDV (Least Squares Dummy Variables) method, it’s found that the p-value is less than 0.05, indicating significant individual effects. Thus, the fixed effects model is preferable over the mixed regression model. Finally, based on the Hausman test results, the χ2(7) value is 59.25, with a p-value of 0.000, suggesting that the fixed effects model is superior to the random effects model. Table 5 presents the regression results of the impact of digital financial inclusion on multi-dimensional food security.



TABLE 5 Baseline regression results.
[image: Table5]

Column (1) indicates that, without considering control variables, digital financial inclusion has a significant positive effect on multi-dimensional food security. This preliminarily suggests that digital financial inclusion can help ensure multi-dimensional food security. As seen from column (2), even when considering control variables, digital financial inclusion continues to have a significant positive impact on multi-dimensional food security, further asserting that digital financial inclusion can promote and ensure multi-dimensional food security, validating hypothesis 1. Digital financial inclusion, characterized by its wide reach, convenience, and low cost, enables farmers to easily access financial resources, effectively increasing the income levels of low-income households. This aids in alleviating challenges like expensive financing and financing difficulties for agriculture, encourages farmers to optimize agricultural resource allocation, and subsequently increases regional agricultural productivity, thereby enhancing food supply levels and ensuring multi-dimensional food security.

Regarding other control variables, infrastructure development, residents’ years of education, and the proportion of primary industry also significantly influence multi-dimensional food security. For instance, infrastructure development has a significant negative impact on multi-dimensional food security at the 10% significance level. This might be because large-scale infrastructure projects often require vast expanses of land, possibly leading to a reduction in farmland, environmental damage, and pollution. Additionally, such projects might result in land dispossession for local farmers, damaging their livelihoods and challenging the agricultural supply chain. Residents’ years of education have a significant negative impact on multi-dimensional food security at the 5% significance level, indicating a considerable rural population migration to cities, leading to a lack of young and middle-aged labor in rural areas, reducing food production capacity and lowering the level of multi-dimensional food security. A higher proportion of the primary industry significantly promotes multi-dimensional food security at the 1% level. When a country or region has a high proportion of the primary industry, it often implies a higher emphasis and investment in agriculture. Such investment can lead to the optimal allocation of technology, resources, and labor, thereby increasing agricultural productivity and yield, ensuring a steady food supply. Therefore, a higher primary industry proportion strengthens multi-dimensional food security, ensuring food’s availability, usability, and stability. However, economic development levels and import dependency did not significantly influence it.



Robustness tests and endogeneity discussion

To better test the robustness and reliability of the model, this study employs an alternative method for the core explanatory variable to conduct robustness checks, as shown in Table 6. On one hand, the lagged data of the explained variable, digital financial inclusion, is incorporated into the model for analysis. As seen from column (3), digital financial inclusion still significantly ensures multi-dimensional food security. Based on the results, for every 1% increase in the digital financial inclusion index, the level of multi-dimensional food security rises by 2.8%. On the other hand, as indicated in column (4), with other conditions unchanged, financial efficiency (lnEff) is used to replace the core explanatory variable for regression. This is because regions with higher financial efficiency might have better levels of digital financial inclusion development. The regression results show a significant positive impact on multi-dimensional food security at the 5% level.



TABLE 6 Robustness and endogeneity tests.
[image: Table6]

Considering that the baseline regression model of digital financial inclusion on multi-dimensional food security in the study may have certain endogeneity issues: first, endogeneity problems caused by omitted variables, such as the degree of regional government participation, consumer perceptions, and other influences. These unquantifiable factors could introduce biases into the regression results. Second, reverse causality leads to endogeneity. In promoting sustainable agricultural development, there’s a need to enhance the level of multi-dimensional food security, which in turn requires considerable financial support, potentially further propelling the development of digital financial inclusion, resulting in endogeneity due to reverse causality. Therefore, this study employs the first-order lag of digital financial inclusion (lag1_lnDFI) and the level of financial development (lnm3) as instrumental variables. The level of financial development is directly related to the digital financial inclusion development level in a given city but does not directly influence the development level of multi-dimensional food security through other channels, thus satisfying both the relevance and exogeneity conditions of the instrumental variable. As shown in Table 6, column (5) reveals that after using the lagged first-order of digital financial inclusion as the instrumental variable, digital financial inclusion has a positive impact on multi-dimensional food security at the 1% level. As indicated in column (6), after using the financial development level as the instrumental variable, digital financial inclusion positively influences multi-dimensional food security at the 5% level.



Heterogeneity test

To explore the impact of digital financial inclusion in terms of breadth of coverage (lnBRE), depth of usage (lnDEP), and degree of digitization (lnDIG) on multi-dimensional food security, the results are presented in Table 7.



TABLE 7 Results of the impact of different dimensions of digital inclusive finance on energy poverty.
[image: Table7]

The findings indicate that different dimensions of digital financial inclusion development have distinct effects on multi-dimensional food security. As seen from Table 7, both the breadth of coverage index and depth of usage of digital financial inclusion have a significant positive impact on multi-dimensional food security at the 1% level. As digital financial inclusion develops, its service range expands, the number of financial service products increases, addressing the needs of more residents, enhancing residents’ access to financial services, significantly lowering the entry barriers to the loan market, and reducing the borrowing costs for residents. This enables them to channel borrowed funds into food production, thereby ensuring multi-dimensional food security. However, enhancing the degree of digitization has a constraining effect on the development of multi-dimensional food security. The potential reason could be that an over-reliance on digital technology might lead to the loss of traditional agricultural knowledge and skills. Furthermore, the introduction of digital technology might exacerbate the digital divide in rural areas, making it challenging for some farmers to adapt to the new technological environment. Additionally, data security concerns and reliance on a single technology platform could also increase the vulnerability of the food supply chain. Therefore, while digitization can bring about efficiency improvements, it may also introduce new challenges and uncertainties.




Further discussion: mediation effects tests

The previous sections have amply demonstrated the overall impact of digital financial inclusion on multi-dimensional food security. This section will further analyze the mediating effects of urbanization levels (lnURBAN) and marketization levels (lnMARKET) in the model and verify the existence of these mediating effects through Bootstrap testing. The results are presented in Table 8.



TABLE 8 Results of intermediate effect test.
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From columns (10) and (11), it is evident that digital financial inclusion has a significant positive impact on urbanization levels at a 5% significance level, with a coefficient of 0.020. This indicates that for every 1% increase in digital financial inclusion, the level of urbanization rises by 2.0%. Urbanization level has a significant positive effect on multi-dimensional food security at a 10% significance level, with a coefficient of 0.221, suggesting that for every 1% increase in urbanization, multi-dimensional food security improves by 22.1%. These empirical findings suggest that digital financial inclusion can ensure multi-dimensional food security by enhancing urbanization levels. This may be because digital financial inclusion provides more accessible financial services to a broad population, especially marginalized groups under the traditional financial system, promoting economic activity and entrepreneurial opportunities in rural areas. Such financial support can encourage rural-to-urban migration, accelerating urbanization. With the rise of urbanization, rural labor is released into more efficient modern agriculture, increasing food production and improving agricultural efficiency. Moreover, the expansion of cities drives the growth of the food processing and distribution industry, enhancing the stability and efficiency of the food supply chain, thereby helping secure multi-dimensional food security. Thus, Hypothesis 2 is verified.

From columns (12) and (13), it’s observed that digital financial inclusion significantly positively impacts marketization levels at a 5% significance level, with a coefficient of 0.146. This means that for every 1% increase in digital financial inclusion, the marketization level rises by 14.6%. Marketization level has a significant positive effect on multi-dimensional food security at a 10% significance level, with a coefficient of 0.022, indicating that for every 1% increase in marketization, multi-dimensional food security improves by 2.2%. These empirical findings suggest that digital financial inclusion can safeguard multi-dimensional food security by enhancing marketization levels. This might be because digital financial inclusion can offer more convenient and cost-effective financial services to a vast number of farmers and small enterprises, lowering the traditional financial barriers. It also stimulates agricultural market vitality, encouraging farmers and businesses to adopt advanced agricultural technologies and management models, thereby improving agricultural production efficiency. Digital financial inclusion further promotes market information transparency and circulation, allowing agricultural product prices to more accurately reflect market supply–demand relationships, further motivating producers to optimize resource allocation. Hence, by improving marketization levels, digital financial inclusion provides more robust economic and technical support for multi-dimensional food security. Hypothesis 3 is verified.



Research findings, policy recommendations and discussion


Research findings and policy recommendations

To systematically explore the impact of digital financial inclusion on the development of multi-dimensional food security and the potential innovative driving mechanisms, this study takes digital financial inclusion as the starting point. Based on panel data from 30 provinces nationwide from 2011 to 2020, we discuss the influence of digital financial inclusion on multi-dimensional food security from both theoretical and empirical perspectives, providing a foundation for ensuring multi-dimensional food security and sustainable agricultural development. The study finds: Firstly, from 2012 to 2020, China’s level of multi-dimensional food security has gradually increased, with the multi-dimensional food security index rising from 0.3196 to 0.3494, an increase of 9.32%. The growth rates of the multi-dimensional food security index in the eastern, central, and western regions were 5.42, 12.90, and 9.30%, respectively. The central region witnessed the highest growth, and the gap in food security levels between the central and western regions has gradually narrowed. Secondly, China’s multi-dimensional food security Theil Index showed an upward trend from 2011 to 2020. Thirdly, digital financial inclusion can significantly promote multi-dimensional food security. Fourthly, the breadth and depth of coverage of digital financial inclusion play a significant role in enhancing multi-dimensional food security, but the degree of digitization has not effectively safeguarded multi-dimensional food security. Fifthly, digital financial inclusion ensures multi-dimensional food security by promoting urbanization and enhancing marketization levels.

Based on these research conclusions, this study proposes the following policy recommendations: firstly, depending on the development status of digital financial inclusion in different regions, targeted promotion policies should be introduced. By increasing the coverage and depth of use of digital financial inclusion, the system can be further perfected, allowing rural residents to enjoy digital financial inclusion services more conveniently and with greater benefits. Secondly, the government can offer supportive policies, such as tax reductions or exemptions for equipment needed for production; continue to implement preferential policies concerning national grain railway freight rates; residents who contract land for grain on a large scale can enjoy certain land preferential policies. Thirdly, further urbanization should be promoted, market systems improved, and scaled-up production and intensive management developed. This approach genuinely enhances grain production profits, which is an effective way to ensure multi-dimensional food security.




Discussion

This study utilizes panel data from 30 provinces in China from 2011–2020 (excluding Tibet, Hong Kong, Macau, and Taiwan) to empirically examine the impact of digital financial inclusion on multi-dimensional food security. We have derived our research conclusions and, based on these findings and existing research results, the following discussion is presented:

For the first time, this study positions digital financial inclusion and multi-dimensional food security within the same research framework, aiming to understand the influence of digital financial inclusion on multi-dimensional food security. This provides a reference for building a rational digital financial inclusion system, thereby ensuring multi-dimensional food security. The research conclusions show that digital financial inclusion has a significantly positive impact on the development of multi-dimensional food security. Infrastructure development, the number of years residents receive education, and the proportion of primary industry also significantly influence the role of digital financial inclusion in ensuring multi-dimensional food security. However, the level of economic development and import dependence did not have a significant impact. The probable reasons are: While the level of economic development can provide a more robust infrastructure and policy environment for the financial system, the core of digital financial inclusion is to serve marginalized groups. Its impact is mainly reflected in financial inclusivity. Hence, economic growth may not directly lead to a significant expansion or optimization of digital financial inclusion. Multi-dimensional food security involves many factors, and relying solely on financial means may not produce a significant positive effect. Therefore, economic development might not have significantly propelled digital financial inclusion’s role in ensuring multi-dimensional food security. Import dependence reflects the degree to which a country or region relies on external supply chains. Digital financial inclusion primarily focuses on increasing the prevalence of financial services, especially for marginalized groups in the traditional financial system. Essentially, their focal points and objectives are not directly related. Although import dependence might affect a country’s macroeconomic stability and the stability of its food supply chain, it might not have a direct, significant influence on the promotion and application of digital financial inclusion and its effectiveness in ensuring multi-dimensional food security.

This study methodically examined the impact of digital financial inclusion development on multi-dimensional food security using theoretical analysis and empirical models. Regarding the research subjects and data research methods, there might be two areas for improvement or further investigation: Firstly, one of the subjects of this study is digital financial inclusion. However, this concept was only introduced in 2016, and the academic community lacks standard measurements for this indicator. The most credible currently is the digital financial inclusion index compiled by the Digital Finance Research Center of Peking University in China. However, this index spans a short time, covering only data from 2011–2020. As the pace of digital finance development accelerates and the digital finance database becomes more comprehensive, future research can extend the time span to further explore its correlation and effects, making the conclusions more convincing. Secondly, there’s a singularity in data acquisition. This study only chose to examine the impact of digital financial inclusion development on multi-dimensional food security using existing macro-level statistical data and did not collect micro-level data for analysis and verification. Future research could delve into micro-survey data, providing a direction for subsequent studies.
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Harvested Yield per International
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2012 59,329,953 138,688 1149
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2020 64,692,788 144,141 3568

Source: FAOSTAT data.
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© Robust t-statistics in parentheses; ® *#* p<0.01, ** p<0.05, * p<0.






