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Abstract: Eliminating hunger and ensuring food security is one of the specific goals of sustainable
development of the United Nations in 2030, and food production is of great significance to food
availability. Based on this, this paper investigates the impact of digital inclusive finance on food
security by constructing a fixed effects model using panel data for 30 Chinese provinces from 2011
to 2020. The results found that: (1) Digital inclusive finance significantly and positively affects food
security, and the results remain robust after robustness tests and endogeneity tests. (2) The scale of
farmland operations plays a positive mediating role in the effect of digital inclusive finance on food
security, and the level of agricultural machinery positively moderates the effect of digital inclusive
finance on food security. (3) Heterogeneity tests show that there is a positive effect of digital inclusive
finance on food security in eastern China, and a non-significant effect of digital inclusive finance
on food security in central and western regions;. There is a significant positive effect of digital
inclusive finance on food security in China’s main grain marketing areas and balanced production
and marketing areas, and a non-significant effect of digital inclusive finance on food security in the
main grain producing areas.

Keywords: food security; digital inclusive finance; fixed effects model; sustainable development

1. Introduction

Eliminating hunger and ensuring food security is one of the specific goals of the United
Nations sustainable development in 2030 [1]. Despite the best efforts of the international
community to address global food insecurity, the number of undernourished people world-
wide began to slowly increase again in 2015 after decades of steady decline. According
to statistics, in 2019, 2 billion people in the world have been unable to get safe, nutritious,
and adequate food regularly. With this trend, the number of people affected by hunger in
the world will exceed 840 million by 2030 [1]. The COVID-19 pandemic aggravates the
food security crisis. Large food producing countries restrict food exports, which weakens
the availability of food imports. Countries with high dependence on food imports are in
danger of food shortage [2,3]. It is thus clear that food security must be domestically based
and that it is significant for countries to increase agricultural productivity to ensure food
security. In China, although food is generally safe in the short term, it still faces pressure in
the long term. According to data from the General Administration of Customs of China,
China’s grain imports exceed 160 million tons in 2021, which is equivalent to 24.1% of the
total domestic grain production value. According to the data of China Rural Statistical
Yearbook, although the total domestic grain output reaches 669,492,000 tons in 2020, the
grain sown area shows a decreasing trend year by year from 2016 to 2019, and the grain
sown area in 2020 decreases by 2462 thousand hectares compared with 2016, and it is urgent
to stabilize the domestic grain production and keep the supply.

Increasing agricultural output is an important step to ensure food security. Rural
finance supports the growth of agricultural output by meeting the financial needs of agri-
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cultural production through credit assistance, which allows farmers to increase agricultural
investments, e.g., in fertilizers [4,5]. Osabohien et al. (2020) explored the impact of agricul-
tural finance on food production in Nigeria and found that a 1% increase in farmers’ access
to agricultural finance would increase food production by 0.002–0.006% [6]. Seven and
Tumen (2020) validate the relationship between rural finance and agricultural productivity
using 104 country-level data from 1991–2014 and find that doubling agricultural credit can
increase agricultural productivity by 4–5% [7]. However, due to the fragility and risk of
agriculture and the inability of farmers to provide collateral, traditional finance cannot
completely cover agriculture and farmers [5,8].

In the International Microcredit Year of 2005, the United Nations officially introduced
the concept of “inclusive finance”, which means a financial system that effectively and
comprehensively serves all segments and groups of society [9]. Its purpose is to solve the
widening global gap between the rich and the poor and the gradually unbalanced allocation
of financial resources [10]. Financial inclusiveness can be defined as a process that helps the
poor and vulnerable remove barriers to accessing formal financial services and have access
to and use low-cost, fair, and safe formal financial services when they are needed [11].
With the development of digital technology, digital inclusive finance has emerged to help
rural residents save the cost of long-distance payments, solve the problems of information
asymmetry and difficulty in collateral, enhance the level of financial services, and make
it easier for farmers in remote areas to access financial services [12,13]. In China, the
practice of financial inclusive has expanded from the initial public welfare microfinance to a
comprehensive financial service with multiple businesses, such as payment and credit, and
with the application of digital technology and innovative digital finance to create a strong
correlation [14]. Based on this, we will verify whether digital inclusive finance has a role in
promoting food security in China. Because China is the most advanced country in terms
of digital finance in the world [15], and also the largest developing country in the world,
studying the effect of digital inclusive finance on food security in China is an important
reference for policy makers considering the implementation of hunger eradication.

This paper examines the impact of digital financial inclusion on food security, with the
following main contributions. First, this paper places food security and digital inclusion
finance in the same analytical framework for the first time to verify whether digital inclusion
finance has the effect of enhancing food security. Second, considering the uneven regional
economic development and differences in regional natural conditions, this paper divides
the sample into main grain producing areas, main marketing areas, balanced production
and marketing areas, and eastern, central, and western China to study the heterogeneous
impact of digital inclusive finance on food security. Third, we find that the effect of digital
inclusive finance to enhance food security can be achieved by scaling up agricultural
production. Fourth, we find that mechanical advances have an enhancing effect on digital
inclusive finance to improve food security.

The rest of the paper is organized as follows. Section 2 describes the current state of
research and reviews the relevant studies on food security and digital inclusive finance.
Section 3 analyzes the role of digital inclusive finance on food security from a theoretical
perspective and proposes the research hypothesis accordingly. Section 4 presents the
model design, indicator selection and data sources, including the construction of the
mediating and moderating models. Section 5 shows the results of the empirical tests, such
as baseline regression, robustness test, endogeneity test, and heterogeneity analysis of the
variables. Section 6 summarizes and discusses the findings of the study and proposes
policy recommendations based on the findings.

2. Literature Review

The concept of food security was first introduced by the Food and Agriculture Organi-
zation of the United Nations in 1974, and the definition of food security has been revised
in due course since then, proposing “all people, at all times, have physical, social and
economic access to sufficient, safe and nutritious food that meets their dietary needs and
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food preferences for an active and healthy life” [16]. According to this definition proposed
by the FAO, food security consists of four dimensions: food availability, economic and
physical access to food, food utilization and stability over time [16]. Ma et al. divided food
security into macro level and micro level. The macro-level global food accessibility depends
on the total global food production, while national food security is mainly reflected in the
national food availability, including the amount of food production, food reserves, and net
food imports of the country [17]. In this study, we focus on national food availability and
measure food security in terms of food production.

At present, studies on food security have focused on three aspects, including the construc-
tion of food security-related indicator systems [18–20], the current situation of food security
and security early warning [21–23], and the influencing factors of food security [24–28]. In
the context of food status and security early warning, Arduin and Kabeche have focused on
the role of digital systems, proposing that dignity in food aid logistics is also a knowledge
management and digital matter [29]. Herrington and Mix first focused on dignity in snack
food security, exploring how everyday experiences of food access and food pathways affect
feelings of dignity [30]. In terms of factors influencing food, existing studies have found that
large-scale operations [26], labor migration [31], policy subsidies [32], and advances in agricul-
tural technology [33] can affect food security. Although food security and digital inclusion
have not been analyzed under the same framework, studies have focused on the relationship
between food security and finance and digital technology. In regards to the financial aspect,
Wang and Chen found that financial support for the seed industry helps to ensure national
food security, but the availability and sustainability of rural financial loans still needs to be
improved, and the mismatch between the demand and supply of financial services for seed
enterprises is prominent [34]. Using a spatial econometric model, Zhang et al. found that
policy finance and cooperative finance have significant positive spatial spillover effect on
food security, while commercial finance has negative spatial spillover effect on food security
because of its profit-seeking nature [8]. Cai conducted a literature review and pointed out that
the development of rural credit markets and agricultural insurance markets is important for
the moderate expansion of food and agriculture operations [35]. In terms of digital technology,
Sutherland and Jarrahi found that concepts from the literature on digital platforms would be
useful in exploring the technological components of the sharing economy [36]. Katsamakas
et al. explored how public good platforms create value and suggested the possibility of their
digital transformation [37]. Bonina et al. discussed the importance and impact of digital
platforms on development, noting that digital platforms can make a significant contribution to
the Sustainable Development Goals [38]. Hao and Tang use provincial panel data to prove that
digital rural construction is helpful to improve the resilience of food systems [39]. Therefore,
it is possible to promote food security with digital inclusive finance as a new tool.

With the vigorous development of digital technology, scholars have paid attention to
the role of digital Inclusive Finance in rural development. First, digital inclusive finance
helps to alleviate farmers’ credit constraints [40], improves their access to formal credit by
reducing transaction costs, mitigating information asymmetries and lowering collateral
requirements, and reduces their vulnerability by alleviating their financial constraints
and information constraints [41]. Second, digital inclusive finance helps to reduce the
urban-rural gap [13,42,43], and plays an important role in rural poverty reduction and
economic development [15]. Third, digital inclusive finance helps promote agricultural
industrialization [44] and rural industrial integration [45]. Although no research has paid
attention to the relationship between digital inclusive finance and food production, some
studies have found that there is an important relationship between digital inclusive finance
and agricultural production factor input, and digital inclusive finance has an important
impact on agricultural mechanization, land circulation, labor input and agricultural total
factor productivity. In detail, Yan et al. found that digital inclusive finance has the same
inclusive value in the agricultural production chain, and the higher the level of digital
inclusive finance, the more it can promote agricultural mechanization [46]. Sun et al. argue
that digital inclusive finance will not only promote agricultural mechanization directly,
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but also indirectly by increasing farmers’ income and promoting investment in fixed
assets [47]. Zhang points out that digital inclusive finance can drive farm land transfers
out through off-farm employment, risk appetite, and job stability, and promote farm land
transfers in through farming scale, long-term lending, and transaction costs [48]. Liu used
provincial panel data to empirically test that digital Inclusive finance can improve regional
agricultural total factor productivity by improving technical efficiency of agricultural
production and operation activities [49]. Zhou empirically found an inverted “U” shape
effect of digital inclusive finance on labor mobility based on a panel of 208 prefecture-level
cities in China [50].

In summary, the current discussion on the influencing factors of food security mainly
focuses on food production factors such as irrigated area, fertilizer input, machinery input,
and labor mobility, and the discussion on the influencing factors of food security needs
further depth. Research on digital inclusive finance is still in its infancy, and research topics
focus on discussing the role of digital inclusive finance on regional economic development
and farmers’ income increase. Based on this, this study focuses on the agricultural sector,
confronts the issue of food security, directly places digital inclusive finance and food
security in the same analytical framework, verifies the direct effect of digital inclusive
finance on food security, and explores the mechanism of the generation of this effect, which
has important theoretical and practical significance for digital inclusive finance to become
a new tool for food security.

3. Theoretical Analysis
3.1. Direct Effects: The Direct Effects of Digital Inclusive Finance on Food Security

Agricultural production is often faced with financing difficulties, financing expensive,
financing complicated and other problems [47]. This has led to a relative lack of capital for
agricultural production, constraining high-quality agricultural development. In the context
of rapid development of digital technology, the development of fintech technology not only
improves financial inclusion, but also becomes a new possible way to drive food production.
Agricultural credit and agricultural insurance are important products of rural inclusive
finance. On the one hand, the development of digital inclusive finance breaks geographical
constraints and provides farmers with more credit products with low interest rates and
multiple varieties, significantly increasing the availability of formal credit to farmers and
the scale of formal credit [51]. The effective satisfaction of formal credit demand has
contributed to farmers’ ability to invest more in production factors such as machinery,
labor, and fertilizer, directly enhancing grain production, and scholars have found that
grain output is expected to increase by 14.6% if the formal credit demand of constrained
farmers is fully satisfied [52]. On the other hand, digital inclusive finance enhances the
development of agricultural insurance. On the supply side, digital technology breaks down
information barriers and reduces the cost of insurance companies to collect information
from policyholders. On the demand side, farmers receive risk management education
through the internet, cultivate risk prevention awareness, and enhance the convenience of
insurance participation through digital technology. Digital inclusive finance promotes the
development of agricultural insurance [53], thus improving the income security of farmers,
increasing the expected returns of farmers engaged in food production, and increasing the
incentive to grow food [54]. Based on this, hypothesis 1 is proposed:

Hypothesis 1. Digital inclusive finance significantly affects food security, and with the development
of digital inclusive finance, it helps to increase food production and ensure food security.

3.2. The Farmland Scale Effect of Digital Inclusive Finance

The moderate scale operation of agriculture is an important way of modern agricul-
tural development [55]. Differences in the efficiency of farmers’ land output will affect
farmers’ food production when their willingness to have land inflows and outflows is not
met [56], and expanding the scale of land operations has a positive effect on increasing food
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production [57]. Zhou and Li use national provincial balanced panel data and find that
there is a “U” shaped relationship between the scale of farmland operations and the food
output rate of cultivated land, and that the scale of farmland operations is currently not
optimal in most provinces, i.e., increasing the scale of farmland operations contributes to
national food security [26]. Moreover, farmland scale can also affect food security through
the structure of cultivation, as fragmented arable land promotes farmers’ willingness to
“non-food” cultivation and cultivation scale [25], and farmers’ willingness to “non-food”
cultivation will decrease as the scale of agricultural land management increases [58]. There-
fore, expanding farmland scale will play a positive role in increasing food production.
Digital inclusive finance is more accessible than traditional finance, and credit availability
affects the level of off-farm employment and productive investment of farm households,
which in turn affects land transfer [59], and although fewer existing studies have focused
directly on the role of digital inclusive finance on the scale of farmland operations, many
scholars have argued that rural financial development affects the scale of farmland oper-
ations [35]. For example, Lu and Xiong measured agricultural green efficiency using 11
provinces and cities in the Yangtze River Economic Belt from 2001–2018, and found that
there was a significant mediating effect of farmland scale in the process of rural finance
affecting agricultural green efficiency [60]. The expansion of farmland scale requires more
production factor inputs, and the availability of digital inclusive finance meets this need.
Based on this, hypothesis 2 is proposed:

Hypothesis 2. Digital inclusive finance can contribute to national food security by scaling
up farmland.

3.3. Moderating Effect of Agricultural Machinery Progress

Agricultural mechanization is the most direct manifestation of the strategy of “storing
food in technology”, and agricultural machinery input affects the allocation efficiency of
agricultural resources [61]. Compared to the traditional human and animal production
methods, the use of agricultural machinery releases rural labor and changes farming
methods. Deep plowing and deep loosening of agricultural machinery helps promote soil
rotation, allowing crops to absorb more nutrients from the soil, improving crop yields
and reducing inputs of chemical fertilizers and pesticides, etc. Farmers have access to
production funds through digital inclusive finance, and with high levels of agricultural
mechanization, production resource factors are allocated more efficiently, thus helping to
increase the incentive to grow food and food production. Agricultural mechanization is
also affected by the endowment of land parcels. Fine and uneven land is more difficult
to produce mechanically, and the cost of agricultural production will increase at this time.
After farmers obtain production funds through digital inclusive finance, they will prefer to
plant cash crops or engage in non-farm employment in consideration of production costs
and abandon agricultural land that is difficult to put into mechanical production. Based on
this, hypothesis 3 is proposed.

Hypothesis 3. Advances in agricultural machinery have an enhancing effect on digital financial
inclusion impacting food security.

4. Empirical Methods and Data Description
4.1. Baseline Regress

This study constructs a model of the direct impact of digital inclusion on food security,
set as follows, and to eliminate the effect of heteroskedasticity, variables in the model are
logarithmically treated.

lnPFEit = α0 + α1lnDFIit + α2lnCONXit + λi + γt + εit (1)
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where PEFit is the explanatory variable, which is the per capita food possession in province
i in year t, with i denoting province and t denoting time; DFIit is the digital financial
inclusion index in province i in year t; CONXit is the control variable, including real rural
disposable income (INCO), fertilizer input per land (FERT), degree of natural disasters
(DISA), industrial structure (INDUS), the level of county economic development (PGDP),
and the level of fiscal support to agriculture (FINAN); λi and γt denote province fixed
effects and time fixed effects, respectively; and ε it denotes the random error term. From
the model, it is clear that α1 is the parameter to focus on in this study, and a positive value
of α1 is expected.

4.2. Intermediary Model Construction

The mediation model was constructed by referring to Weng et al. [62], and the media-
tion effect model was constructed as follows.

lnPFEit = α0 + α1lnDFIit + α2lnCONXit + λi + γt + εit (2)

lnscaleit = β0 + β1lnDFIit + β2lnCONXit + λi + γt +ϕit (3)

lnPFEit = δ0 + δ1lnDFIit + δ2lnscaleit + δ3lnCONXit + λi + γt +ωit (4)

In Equations (2)–(4), scaleit is the mediating variable, i.e., the scale of farmland op-
eration, where α, β and δ denote the regression coefficients of Equations (2)–(4), respec-
tively, and εit, ϕit and ωit are the random error terms in Equations (2)–(4), respectively.
Equation (2) is the total effect model, Equation (3) is the estimated model of the scale effect
of digital inclusive finance farmland operations, and Equation (4) is the model considering
both digital inclusive finance and intermediation effects. The regression coefficient α1 indi-
cates the total effect of digital inclusive finance on food security; the regression coefficient
β1 indicates the effect of digital inclusive finance on mediating variables; the regression
coefficient δ1 indicates the direct effect of digital inclusive finance on food security after
controlling for the effect of mediating variables; and δ2 is the effect of farmland scale on
food security after controlling for the effect of digital inclusive finance on food security.
If β1 and δ2 are significant, the indirect effect is significant. If δ1 is significant, it means
that the mediating effect of farmland operation scale is partially mediated. Otherwise it is
fully mediated.

4.3. Moderating Effect Model Construction

To verify the moderating effect of agricultural machinery advancement, with reference
to Fang et al.’s study [63], we construct a moderating effect model:

lnPFEit = α0 + α1lnDFIit + α2lnCONXit + α3lnmachineit + α4lnDFIit × lnmachineit + λi + γt + εit (5)

In Equation (5), machineit denotes the level of agricultural machinery progress,
lnDFIit×lnamchineit denotes the interaction term between digital inclusive finance and the
level of agricultural machinery progress, and the regression coefficient α4 of the interaction
term is the parameter of focus, and if α4 is significant, it indicates the existence of a moder-
ating effect. To exclude the possibility that the interaction terms may introduce bias due to
the interference of multicollinearity, the interaction terms are centralized.

4.4. Variable Selection

(1) Explanatory variable: food security, expressed using per capita food possession
(PFE, kg/person). Food quantity security is a prerequisite for food security, and the degree
to which food production satisfies the provincial units in the study area is better reflected
in food per capita possession than in food production. Considering the scientific and
operability of variable selection, this study refers to Zhang et al. [8], and uses per capita
food possession to express food security.



Sustainability 2022, 14, 13160 7 of 18

(2) Explanatory variable: Digital Financial Inclusive (DFI), expressed using the China
Digital Financial Inclusive Index [14]. The index is compiled by the Center for Digital
Inclusive Finance of Peking University, covering 31 provinces, 337 cities above prefecture
level and about 2800 counties in China. The index consists of one primary index, “Total
Digital Inclusive Finance Index”, and three secondary indexes, “Coverage Breadth”, “Usage
Depth”, and “Digitization Level”, which can generally reflect the current situation and
evolution trend of digital inclusive finance development in China.

Before conducting the baseline regression, this study plots the trend of the mean and
standard deviation of the total digital inclusive finance index from 2011 to 2020 (as shown in
Figure 1) to more clearly demonstrate the development trend of digital inclusive finance in
China. From the change trend of the mean value, China’s digital inclusive finance as a whole
shows a continuous development from 2011 to 2020, with two rapid development phases
from 2011 to 2013 and from 2016 to 2018. In terms of the trend of the change of standard
deviation, the overall trend shows a rise, then a decline, and then a rise again. It indicates that
with the improvement of the level of digital inclusive finance, the gap in the development
level of digital inclusive finance among Chinese provinces gradually began to increase from
2011 to 2013, and this gap began to narrow by 2014, and widened again by 2017.
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(3) Mediating variable: The scale of farmland operation (scale, thousand hectares per
10,000 people) is measured by the average labor area of grain sown in this paper with
reference to Tian and Zhu’s study [64], and is expressed by the ratio of primary industry
employees to grain sown area (scale, thousand hectares per 10,000 people) due to the lack
of data on the number of plantation laborers at the provincial level.

(4) Moderating variable: Agricultural machinery progress (machine), referring to the
study of Deng et al. [65], is expressed by the level of agricultural machinery. Referring to the
Evaluation Index System of Demonstration Counties for the Whole Process Mechanization
of Major Crop Production (for Trial Implementation) issued by the Ministry of Agriculture
and Rural Affairs of China, the machine plowing area, machine sowing area, and machine
harvesting area were compared to the grain sowing area, and then assigned weights of 0.4,
0.3, and 0.3, respectively, so as to calculate the comprehensive agricultural machinery level.

(5) Control variables. Based on the available studies, the following control variables
were selected. The actual disposable income of rural residents (INCO, Yuan/person) is
expressed by the disposable income of rural residents, reflecting the economic condition
of farmers in the region; the average fertilizer input (FERT, tons/1000 ha) is expressed by
the fertilizer application amount and crop sowing area, reflecting the level of agricultural
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production factor inputs; the degree of natural disasters (DISA) is expressed by the disaster
area and crop sowing area, reflecting the natural conditions of the region; the industrial
structure (INDUS) is expressed by the ratio of secondary and tertiary industries to GDP,
and the level of county economic development (PGDP) is expressed by the regional GDP
per capita, reflecting the regional economic development and industrial development. The
level of natural disasters (DISA) is expressed in terms of disaster area and crop sown
area, reflecting the natural conditions of the region; the industrial structure (INDUS) is
expressed in terms of the ratio of the sum of secondary and tertiary industries to GDP, and
the level of county economic development (PGDP) is expressed in terms of GDP per capita,
reflecting the regional economic development and industrial development. The level of
financial support to agriculture (FINAN) is expressed in terms of the ratio of expenditure
on agriculture, forestry, and water affairs to general budget expenditure, reflecting the
importance the government attaches to the development of agricultural production. The
level of financial support to agriculture (FINAN) is expressed as the ratio of expenditure on
agriculture, forestry, and water affairs to general budget expenditure, reflecting the degree
of importance the government attaches to the development of agricultural production.

4.5. Data Source

The data used in this study are at the level of 30 provinces (municipalities) in China
from 2011 to 2020, and Tibet, Taiwan, Hong Kong, and Macao are excluded in consideration
of data availability. The data were mainly obtained from China Rural Statistical Yearbook,
China Statistical Yearbook, China Agricultural Machinery Statistical Yearbook, China
Agricultural Statistical Yearbook, and the statistical yearbooks of each province in the past
years. The results of descriptive statistics reporting for each variable are shown in Table 1.

Table 1. Variable statistical description.

Stats PFE DFI INCO FERT DISA INDUS PGDP FINAN

2011

mean 425.90 40.80 7566.00 359.30 0.0767 0.89 40,087.00 0.11
S.D. 306.20 18.39 3050.00 113.10 0.0663 0.05 18,765.00 0.03
min 52.50 18.33 3909.00 151.50 0.0006 0.74 16,413.00 0.04
max 1454.00 80.19 16,054.00 569.00 0.2720 0.99 85,213.00 0.16

2012

mean 449.70 100.70 7771.00 366.10 0.0803 0.90 44,336.00 0.11
S.D. 341.70 21.95 3134.00 117.20 0.0481 0.05 20,423.00 0.03
min 45.90 61.47 4015.00 167.30 0.0212 0.75 18,645.00 0.05
max 1566.00 150.80 16,508.00 564.90 0.1940 0.99 96,972.00 0.16

2013

mean 449.70 156.70 7985.00 596.60 0.0883 0.90 48,615.00 0.11
S.D. 341.70 25.52 3211.00 233.90 0.0557 0.05 22,258.00 0.03
min 45.90 118.00 4141.00 211.90 0.0042 0.76 20,976.00 0.04
max 1566.00 222.10 16,888.00 1128.00 0.2540 0.99 109,094.00 0.16

2014

mean 450.40 180.90 8144.00 609.30 0.0914 0.90 52,649.00 0.11
S.D. 348.20 22.88 3281.00 255.70 0.0742 0.05 24,054.00 0.03
min 30.00 145.90 4230.00 215.40 0.0000 0.77 23,241.00 0.04
max 1628.00 239.50 17,335.00 1256.00 0.3170 1.00 120,003.00 0.16

2015

mean 458.10 221.10 8266.00 611.90 0.0814 0.90 56,749.00 0.12
S.D. 357.80 22.45 3354.00 266.20 0.0706 0.05 25,945.00 0.03
min 29.00 193.30 4296.00 217.00 0.0000 0.77 25,728.00 0.04
max 1655.00 278.10 17,755.00 1360.00 0.2940 1.00 131,164.00 0.17

2016

mean 452.60 231.30 8421.00 615.70 0.0863 0.90 60,930.00 0.12
S.D. 351.50 21.00 3445.00 281.30 0.0718 0.05 27,917.00 0.04
min 24.70 200.40 4351.00 214.20 0.0068 0.77 28,429.00 0.04
max 1592.00 286.40 18,328.00 1404.00 0.2880 1.00 143,100.00 0.19
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Table 1. Cont.

Stats PFE DFI INCO FERT DISA INDUS PGDP FINAN

2017

mean 481.60 272.90 8558.00 642.00 0.0570 0.91 65,119.00 0.12
S.D. 426.60 23.96 3516.00 377.20 0.0682 0.05 29,229.00 0.03
min 18.90 240.20 4412.00 177.50 0.0000 0.78 31,329.00 0.05
max 1953.00 336.70 18,636.00 1819.00 0.2900 1.00 148,251.00 0.18

2018

mean 481.60 301.10 8736.00 622.40 0.0582 0.91 69,404.00 0.12
S.D. 436.30 29.89 3589.00 361.20 0.0436 0.05 30,629.00 0.04
min 13.40 263.10 4502.00 172.80 0.0106 0.79 34,102.00 0.05
max 1994.00 377.70 18,933.00 1692.00 0.1790 1.00 153,588.00 0.19

2019

mean 481.60 324.70 8979.00 356.60 0.0397 0.91 73,620.00 0.12
S.D. 436.30 33.38 3682.00 146.80 0.0391 0.05 32,179.00 0.04
min 13.40 282.60 4605.00 112.00 0.0000 0.79 36,080.00 0.05
max 1994.00 410.30 19,406.00 699.80 0.1670 1.00 159,271.00 0.19

2020

mean 504.80 342.20 9187.00 339.30 0.0436 0.90 75,393.00 0.12
S.D. 495.70 34.83 3742.00 134.90 0.0468 0.06 32,578.00 0.04
min 13.90 298.20 4698.00 96.25 0.0000 0.75 37,487.00 0.05
max 2347.00 431.90 19,736.00 629.30 0.2110 1.00 161,660.00 0.20

5. The Empirical Results
5.1. Baseline Regression Analysis Results

The appropriate model needs to be selected before conducting regression analysis,
so the pooled model, random effects model, and fixed effects model were compared. The
pooled model was first compared with the fixed effects model, and the result of F-test was
294.73 with a p-value of 0.000. Using the LSDV method, most of the individual dummy
variables were found to be highly significant, indicating the existence of individual effects,
and the pooled model was rejected. Further comparing the random effects model with the
fixed effects model, a Hausman test was performed, resulting in a chi-square value of 21.35
and a p-value of 0.0063, rejecting the random effects model and finally supporting the fixed
effects model.

Table 2 reports the results of the regression analysis. Model (1) is a regression model
without considering control variables, and the regression results show that digital inclusive
finance significantly and positively affects food security at the 5% statistical level with a
regression coefficient of 0.434, indicating that digital inclusive finance has a catalytic effect
on food security. Model (2) adds control variables, and the regression analysis results still
indicate that there is a significant positive effect of digital inclusive finance on food security.
From the regression results of the control variables, the negative effects of rural residents’
disposable income, average fertilizer input, and county economic development level on
food security may be due to the fact that farmers in areas with high disposable income of
rural residents and high county economic development level are more inclined to part-time
business or non-farm employment, and are less motivated to grow food; the negative effects
of average fertilizer input on food security may be due to the negative effects of chemical
fertilizer The negative effect of overuse of chemical fertilizers on food security may be due
to the negative effect of chemical fertilizers on the land, warning of the need to change the
structure of chemical fertilizer application and develop organic fertilizers. The effects of
natural disasters, industrial structure, and the level of financial support to agriculture on
food security were not significant. In summary, hypothesis 1 was verified.
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Table 2. The impact of digital inclusive finance on food security.

Variables (1) (2)

lnDFI 0.434 **
(0.197)

0.489 **
(0.169)

lnINCO −3.673 **
(1.377)

lnFERT −0.246 *
(0.143)

lnDISA 0.313
(0.243)

lnINDUS −2.158
(1.948)

lnPGDP −0.529 **
(0.203)

lnFINAN −0.995
(1.224)

Constants 4.232 ***
(0.696)

45.046 ***
(11.597)

Fixed Time yes yes
Fixed Individual yes yes

R2 0.139 0.299
Sample Size 300 300

Note: “*”, “**”, “***” indicate significant at the statistical levels of 10%, 5%, 1%, respectively.

5.2. Robustness Tests

This study uses the explanatory variable substitution method for robustness testing.
Model (3) replaces the explanatory variables, referring to Gao et al. [66]. The total grain
production (FE, tons) in each province was used to replace the per capita grain possession,
which includes rice, wheat, corn, sorghum, grain, and mixed grains, as well as potatoes
and soybeans. The regression results are shown in model (3) in Table 3, where digital
inclusive finance positively affects food security at a statistical level of 5%, again validating
the contribution of digital inclusive finance to food security.

Table 3. Robustness test of the model.

(3) Dependent Variable: lnPFE (4) Dependent Variable: lnPFE (5) Dependent Variable: lnPFE

lnDFI 0.429 **
(0.165)

L.lnDFI 0.330 **
(0.145)

L2.lnDFI 0.357 **
(0.169)

Constants 37.528 ***
(10.689)

42.531 **
(12.644)

43.099 **
(15.471)

Controlled Variable yes yes yes
Fixed Time yes yes yes

Fixed Individual yes yes yes
R2 0.273 0.239 0.269

Sample Size 300 270 240

Note: “**” and “***” indicate significant at the statistical levels of 5% and 1%, respectively.

For more rigorous results, the explanatory variables were replaced with the first-order
(L.lnDFI) and second-order lagged terms (L2.lnDFI) of digital inclusive finance, respectively,
and regression analysis was performed again. The regression results are shown in models
(4) and (5) in Table 3, where both the first- and second-order lagged terms of digital inclusive
finance have a positive effect on food security at the 5% statistical level, verifying that the
effect of digital inclusive finance on food security is robust.
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5.3. Endogenous Discussion

The study may have two endogeneity problems. First, although a series of factors that
may affect food security have been considered, there may be other factors affecting food
security in the residuals, so the study may have endogeneity bias due to omitted variables.
Second, the increase in food production may have “forced” the production agents to raise
funds to increase the input of production factors, so the study may have endogeneity bias
due to reverse causality. To this end, this study mitigates the endogeneity problem by
selecting instrumental variables for the core explanatory variables, and the results of the
endogeneity test are shown in Table 4. Models (6) and (7) selected first-order and second-
order lagged terms of digital inclusive finance as instrumental variables, respectively, to
assess whether digital inclusive finance in the previous year affects food security in the
current period, and the results show that digital inclusive finance has a positive effect on
food security at 5% and 1% significant levels, respectively. Digital inclusive finance is a
product of the development of the internet to a certain period of time, and with reference
to Huang et al. [67], the development history of internet access technology in China is used
as the background for the selection of instrumental variables. Before the popularization
of fixed-line telephones, people mainly contacted each other through post offices, so the
number of local post offices would affect the access of fixed-line telephones and thus
the efficiency of Internet access. The number of landlines and post offices are selected
as instrumental variables to satisfy the requirement that there is a correlation between
them and digital inclusive finance, and the number of histories is selected to satisfy the
requirement that they are exclusive. Therefore, referring to the studies of Huang et al. [67]
and Chen et al. [68], the number of landlines per million people and the number of post
offices per million people in 1984 were used as instrumental variables for digital inclusive
finance. Considering that the sample of this study is balanced panel data, instrumental
variables will be difficult to measure due to the application of fixed effects models. We
refer to Nunn and Qian [69], and construct as instrumental variables the interaction terms
of the number of landlines per million people and the number of post offices per million
people in 1984 with the index of the average index of digital financial inclusion in that
year, and test the results as shown in model (8) in Table 4. From the regression results, it
is clear that there is a positive effect of digital inclusive finance on food security at the 1%
significant level. We used Kleibergen-Paap rk LM statistics to determine the problem of
under-identification of the tool variables. The critical values of the Cragg–Donald Wald
F statistic and the Stock–Yogo weak ID test were compared to determine whether the
instrumental variables were weak instrumental variables. The Hansen J statistic was used
to determine whether the instrumental variables were exogenous and over-identified,
and the results showed that the selected instrumental variables were not identified. The
results show that the selected instrumental variables are not under-identified, not weakly
instrumental, exogenous, and not over-identified. Thus, the above test results again verify
that the results of the benchmark regression are robust.

Table 4. Results of the endogeneity test.

Variables (6) Tool Variables: L.lnDFI (7) Tool Variables: L.lnDFI (8) Tool Variables: lnTEL

lnDFI 0.509 **
(0.200)

0.754 ***
(0.231)

0.126 ***
(0.033)

Constants 31.739 **
(12.965)

31.710 **
(13.209)

21.670 ***
(5.170)

Controlled Variable yes yes yes
Fixed Time yes yes yes

Fixed Individual yes yes yes
R2 0.199 0.188

Whether the recognition is insufficient NO
Whether weak instrumental variables NO

Whether the tool variable is exogenous NO
Sample Size 300 300 300

Note: “**” and “***” indicate significant at the statistical levels of 5% and 1%, respectively.



Sustainability 2022, 14, 13160 12 of 18

5.4. Heterogeneity Analysis
5.4.1. Perspectives of Main Grain Producing Areas, Main Marketing Areas and Balanced
Production and Marketing Areas

The division of main grain producing areas, main marketing areas, and balanced
production and marketing areas originated from China’s 2001 grain distribution system
reform. According to the natural resource endowment and grain production status of
each province in China, the 31 provinces (autonomous regions and municipalities) are
divided into three functional areas, including the main grain producing area, the balanced
production and marketing area, and the main grain marketing area (excluding Hong Kong,
Macao and Taiwan). This study examines the impact of digital inclusive finance on food
security in different functional zones. The results of the study are shown in Table 5 that the
main food marketing areas and balanced production and marketing areas promote food
security at 5% and 10% significant levels, respectively, and the impact of digital inclusive
finance on food security in the main food marketing areas is not significant. The reason
for this may be that the main grain producing areas have strong grain production capacity,
huge land planting scale and frequent agricultural activities. Compared with the main grain
selling areas and the balanced production and marketing areas, the main grain producing
areas already have relatively perfect agricultural machinery and equipment, forming more
large agricultural planters and professional farmers who rely on grain planting as their
main income. Therefore, the effect of the funds provided by digital inclusive finance on
increasing production factor inputs is not obvious for farmers in the main grain marketing
areas where production conditions are more complete and the scale is huge.

Table 5. The impact of each dimension on food security.

Variables Eastern Central Western Main Grain
Producing Areas

Main Marketing
Areas

Balanced Production
and Marketing Areas

lnDFI 0.519 **
(0.204)

−0.002
(0.298)

0.337
(0.283)

0.450
(0.501)

0.455 **
(0.151)

0.528 *
(0.260)

Constants 52.786 *
(27.191)

34.948 *
(18.539)

71.887 ***
(20.419)

4.101
(18.036)

114.358 **
(42.609)

72.476 ***
(19.931)

Controlled
Variable yes yes yes yes yes yes

Fixed Time yes yes yes yes yes yes
Fixed Individual yes yes yes yes yes yes

R2 0.352 0.636 0.439 0.314 0.596 0.446
Sample Size 300 300 300 300 300 300

Note: “*”, “**”, “***” indicate significant at the statistical levels of 10%, 5%, 1%, respectively.

5.4.2. Eastern, Central and Western Perspectives

The eastern part of China was the first province to implement the coastal opening
policy and has a high level of economic development; the central part is the second most
economically developed region; and the western part is the less economically developed
region. This paper examines the impact of digital financial inclusion on food security in the
eastern, central, and western regions. The results are shown in Table 5 that digital inclusive
finance in the eastern region has a positive impact on food security at the 5% significant level,
while the impact of digital inclusive finance on food security in the central and western
regions is not significant. The reason for this may be that the development of digital
inclusive finance in the eastern region started earlier, has a higher level of development,
and has a better technical support system. Digital inclusive finance is more accessible, and
its integration with advanced technologies, such as big data and cloud computing, helps
reduce credit risks and makes credit funds more easily available to farmers. This inspires
us to pay attention to the central and western regions when developing digital inclusive
finance, improve their digital inclusive finance development level, and strive to achieve a
high level of digital inclusive finance development.
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5.5. Intermediation Mechanism and Moderating Effect Test
5.5.1. Test of Farmland Scale Effect

Table 6 shows the results of the test of farmland scale effect. As can be seen from
the table, farmland scale passes the test at the 5% significant level, indicating that digital
inclusive finance can promote food security through farmland scale, and hypothesis 2
passes the test. At this point, the scale of farmland plays a partial mediating role between
digital inclusive finance and food security, and 47.10% of the mediating effect is obtained by
calculating β1·δ2/α1. Digital inclusive finance provides sufficient funds for the expansion
of farmland scale, which leads to the expansion of farmland scale, improves production
efficiency, and expands planting area, which in turn affects food security.

Table 6. Digital inclusive finance and farmland scale.

Variables Dependent Variable: lnscale Dependent Variable: lnPFE

lnDFI 0.289 **
(0.129)

0.259 **
(0.079)

lnscale 0.797 ***
(0.209)

Constants 26.250 *
(14.235)

24.133 **
(10.698)

Controlled Variable yes yes
Fixed Time yes yes

Fixed Individual yes yes
R2 0.569 0.640

Sample Size 300 300
Note: “*”, “**”, “***” indicate significant at the statistical levels of 10%, 5%, 1%, respectively.

5.5.2. Further Discussion: A Test of the Moderating Effect of Progress
in Agricultural Machinery

Table 7 shows the results of the test of moderating effect of agricultural machinery
advancement. From the test results, the coefficient of the interaction term between digital
inclusive finance and agricultural machinery progress is significant at the 5% statistical
level and the regression coefficient is 0.367, indicating that agricultural machinery progress
plays an enhanced role in digital inclusive finance positively affecting food security, and
hypothesis 3 passes the test. Digital inclusive finance provides farmers with capital to
improve production factor inputs, and agricultural machinery advancement promotes the
rational allocation of production factors to increase food production.

Table 7. Digital inclusive finance and agricultural machinery advancement.

Variables Dependent Variable: Ln PFE

lnDFI 0.511 **
(0.154)

lnmachine 0.551
(0.436)

lnDFI×lnmachine 0.367 **
(0.173)

Constants 36.945 ***
(10.233)

Controlled Variable yes
Fixed Time yes

Fixed Individual yes
R2 0.344

Sample Size 300
Note: “**” and “***” indicate significant at the statistical levels of 5% and 1%, respectively.
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6. Conclusions

This study uses panel data for 30 Chinese provinces from 2011 to 2020 to construct
a fixed-effects model to explore the impact of digital inclusive finance on food security.
Results: (1) There is a significant positive effect of digital inclusive finance on food security.
We perform robustness tests by replacing variables. The interaction terms of the first- and
second-order lagged terms of digital inclusive finance, the number of telephone calls per
million people and the number of post offices per million people in 1984, and the average
index of digital inclusive finance in the current period are constructed as instrumental
variables for endogeneity tests. The results indicate that the contribution of digital inclusion
finance to food security is robust. (2) Digital inclusive finance can promote food security
by expanding farmland scale; agricultural machinery advances play an enhanced role in
the role of digital inclusive finance for food security. (3) Digital inclusive finance in the
eastern region has a significant contribution to food security, while the effect of digital
inclusive finance on food security in the western and central regions is not significant,
reflecting sideways that the effect of digital inclusive finance on food security has not yet
played a role in the central and western regions. (4) The effect of digital inclusive finance on
food security in the main grain producing areas is not significant, and there is a significant
positive effect of digital inclusive finance on food security in the main grain selling areas
and balanced production and marketing areas.

Digital inclusive finance will be a new tool for stable food production and supply and
play an important role in food security, according to which the following recommenda-
tions are made. First, traditional financial institutions are encouraged to develop digital
technology, develop digital inclusive finance, expand the coverage of digital inclusive
finance to reach the countryside, and guide financial institutions to innovate financial
tools to provide financial support for farmers’ food production and provide better finan-
cial services to achieve food security. Second, the effect of digital inclusive finance and
farming scale should be brought into play. The rural credit market and rural insurance
market should be developed and improved to provide multi-species and low-interest credit
products to grain farmers who are willing to expand their planting scale, and guide large
grain farmers to reduce their business risks through rural insurance, thus promoting grain
scale operations. Third, special funds should be set up for agricultural scientific research
and transformation of achievements, to encourage scientific research activities to enhance
agricultural productivity, actively promote the development of agricultural machinery,
promote the use of agricultural machinery, and enhance the level of socialized services of
agricultural machinery. Fourth, the development of digital inclusive finance in the central
and western regions should be vigorously enhanced. Playing the role of village banks,
financial institutions should be encouraged to promote the sinking of financial services and
deliver inclusive finance to farmers.

The role of the development of financial instruments and digital technologies on
agricultural production has been found in previous studies, although the existence of
a facilitating role of digital inclusive finance on food security has not been addressed.
For example, Zheng et al. found a significant positive impact of Internet use on farmers’
food production [70]. He et al. suggested that climate change has a negative impact on
agricultural production, but digital inclusive finance can help farmers to increase their
resilience to climate change [71]. Moreover, several studies have confirmed the role of rural
insurance and rural credit among financial instruments on food production [52,53]. The
findings obtained in this study are a useful complement to the role of digital inclusion
finance on agricultural production, which can be further explored in depth in the future. In
terms of farmland scale, the findings of this study support that digital inclusive finance
can promote food production by expanding the scale of farmland operations, but there is
still no consistent answer to the discussion of farmland operation scale in existing studies,
with some scholars suggesting that there is a “U” shaped relationship between farmland
operation scale and arable land food output rate [26], while others point out that the rice
yield of small-scale farmers is higher than that of large-scale farmers, but the average
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economic efficiency of rice production of large-scale farmers is higher than that of small-
scale farmers [72]. Therefore, the question of which is better, large-scale or small-scale
farming, remains to be tested in a different context.

Although the findings of the study support the existence of an important role of
digital inclusive finance in promoting food security, the findings can only be considered
as a preliminary validation and have some limitations. First, in the measurement of
food security, the grain production counted in the study mainly includes grain, wheat,
corn, sorghum, cereals, other miscellaneous grains, potatoes, and soybeans, and the data
currently do not cover vegetables, fruits, and meat, and the caliber of grain can be further
expanded in subsequent studies. Second, this study mainly focuses on the yield of grain,
but the concept of food security is multidimensional, and further attention can be paid
to the feasibility of grain in subsequent studies by focusing on elements such as the price
of grain. Third, this study finds a mediating role of farmland scale in the role of digital
inclusive finance on food security, but there are other mediating variables to be further
discovered. Fourth, this paper uses data at the provincial level in China, which cover
a long period of years, and has initially verified the role of digital inclusive finance in
ensuring food security. In the follow-up study, considering the relatively large differences
within Chinese provinces, county-level data can be considered for in-depth mining. Fifth,
in the follow-up study, the threshold effect of digital inclusive finance on food security
can be further considered to investigate its role in ensuring food security changes under
different levels of development of digital inclusive finance, which will be of reference value
to developing countries with different levels of digital inclusive finance development.
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