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Abstract
Food security is an important issue affecting people’s lives and social stability. Clarifying levels of food security and the factors
affecting it (social, economic, agricultural, climatic) can help improve regional food security. The spatiotemporal patterns and
driving factors of food security vary at different scales. There is, however, a lack of research that considers the various factors
affecting food security at multiple scales. This study, therefore, analyzed dynamic spatiotemporal changes in food security at
small (city), medium (province), and large (country) scales; identified hot and cold areas of food security; and revealed the main
factors affecting food security at different scales. A food security index (FSI) was built based on the coupling of grain yield,
population, and GDP, and spatial analysis was used to evaluate dynamic spatiotemporal changes in China’s food security from
1980 to 2017. Further, the relationship between food security and its driving factors was quantitatively analyzed using stepwise
regression. The results showed greater heterogeneity in food security at the smaller scale than at the larger scale. The key factors
affecting food security varied substantially at different scales: the added value of tertiary industry dominated the prefecture level,
and gross agricultural output value was the main factor at the provincial and national levels. Multiple-scale research can reveal the
status and primary factors of food security and provide a decision-making basis for improving regional food security.
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Introduction

Food security is closely related to people’s well-being. It is
also an important guarantee for a country’s economic devel-
opment as well as a strategic issue related to national peace
and stability (Merem et al. 2019; Mukhopadhyay et al. 2018).

Food security “exists when all people, at all times, have phys-
ical, social, and economic access to sufficient, safe, and nutri-
tious food that meets their dietary needs and food preferences
for an active and healthy life” (FAO 1996). High levels of
food insecurity and hunger will lead to major public health
issues, including increases in infectious diseases and prema-
ture deaths (Qaim 2020). For its 2030 Sustainable
Development Goals, the United Nations has ranked “ending
hunger, achieving food security, improving nutrition, and pro-
moting sustainable agriculture” second among 17 goals,
highlighting the importance of food security (UN 2015).
Yet, after decades of decline, the number of hungry people
in the world has begun to rise in recent years (Molotoks et al.
2021), which will likely make the UN’s goal difficult to
achieve by 2030. In fact, the COVID-19 pandemic has further
exacerbated world hunger (Laborde et al. 2020; Zurayk 2020).
Thus, food security will remain a global priority for decades to
come (Conceição et al. 2016; Sisha 2020) and a prerequisite
for other Millennium Development Goals (Cai et al. 2020).

In the face of such food security problems, only by accurate
assessment of food security and identification of food security
risk areas can policy optimization measures be formulated.
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Many studies have investigated evaluation methods for food
security at various scales and from different perspectives
(Barrett 2010; Godfray et al. 2010; Pinstrup-Andersen
2009). At the global scale, the Global Hunger Index (GHI)
was developed to measure changes in the number of hungry
people in different regions of the world (Grebmer et al. 2012).
Meanwhile, at the continental scale, Li and Zhang (2017) used
dietary energy requirements, local food production, and
population size to calculate the number of undernourished
people in Africa and identify dynamic changes in risk areas
and their spatial distribution. At the national scale, Ye et al.
(2013) evaluated China’s food security under different climate
scenarios and at different times using a food security index
based on food supply, demand, and self-sufficiency. Despite
such work, there is regional heterogeneity in food security,
and current methods are not fine-grained enough to provide
detailed decision-making information or offer an understand-
ing of the scale effect of food security. Moreover, food secu-
rity results from the combined action of multiple factors.
Although investigating food security from a single perspec-
tive, such as climate, agriculture, or socioeconomics, can
deepen the understanding of food security influence factors
(Andersson Djurfeldt 2015; Kang et al. 2017; Lake et al.
2012; Masters et al. 2013; Qaim 2020), multifactor ap-
proaches can better clarify and disentangle them. However,
multi-scale studies considering multiple influencing factors
are scarce.

Food security has long been an important topic in China,
the world’s most populous country (Liu et al. 2020a; Tao et al.
2008). Since 1987, China’s population has grown rapidly
from 0.99 billion in 1980 to 1.39 billion in 2017 and with
the relaxing of the two-child policy, the population may grow
even faster (Liu et al. 2020b), bringing more serious chal-
lenges to food security. On this context, numerous studies
have been done on China’s food security assessment from
the point of food supply and demand (Qi et al. 2015),
production-consumption coordination (Wu et al. 2016), food
self-sufficiency (Niu et al. 2021), and food policy (Huang and
Yang 2017). China’s food security generally showed an in-
creasing trend before 2010 and then it started to decline as a
result of rapid population growth and nonoptimal socioeco-
nomic and agricultural development (Ye et al. 2013). From
the perspective of food production-consumption coordination
and matching, although the coordination level in China
remained high during 1995 to 2012, it started to decrease
continuously since 2007 (Wu et al. 2016).

Although China has achieved food security at the national
level, scale differences and spatial heterogeneity in food secu-
rity and its influencing factors are existed. There are regional
differences in food output, economic development, and pop-
ulation size, among other aspects. To address such challenges
and take appropriate measures, it is necessary to precisely
assess food security, identify risk areas, and quantify the main

driving factors. To solve the abovementioned problems, this
study investigated the dynamic changes and driving factors of
China’s food security at the national, provincial, and prefec-
tural scales. The objectives are to (1) accurately assess the
spatial and temporal dynamics of food security at the three
scales with the developed food security index (FSI), (2) ana-
lyze the trend changes in food security from 1980 to 2017, and
(3) identify the hotspot and cold spot of food security and
clarify the dominant factors.

Data and methods

Study area and data acquisition

This study covered three scales: (1) national scale: mainland
China; (2) provincial scale: 23 provinces, fives autonomous
regions, and four direct-administered municipalities; and (3)
prefecture-level scale: 291 cities, 15 regions, 30 autonomous
prefectures, and three leagues (Fig. 1).

The data included meteorological data (site data) and sta-
tistical data. Meteorological data, including temperature and
precipitation, were obtained for the period of 1980–2017 from
the National Meteorological Information Center of the China
Meteorological Administration. Kriging interpolation (a
Gaussian semivariance model) and ArcGIS (10.6) were used
to obtain the average annual temperature and precipitation of
each city and province. Statistical data for each province and
city, covering 1980–2017, came from the statistical yearbooks
and included the following: the degree of urbanization, grain-
planting area, cultivated land area, total power of agricultural
machinery, amount of fertilizer application, effective irriga-
tion area, population, grain output, gross domestic product
(GDP), and added value of primary, secondary, and tertiary
industry (Table 1).

Assessment of food security

The level of food security results from the combined action of
many factors (Cai et al. 2020); thus, a single perspective can-
not accurately reflect it (Wei et al. 2015). Based on the defi-
nition of food security by FAO, this study built a FSI from
four dimensions of availability, stability, utilization, and ac-
cess, and took per-capita food production and per-capita GDP
as the key indicators to characterize the food security situation.
The per-capita GDP was used to represent the situation of
food affordability and accessibility, and the per-capita food
production was used to reflect the status of stability and avail-
ability (Fig. 2). It was assumed that the higher a region’s per-
capita food production and per-capita GDP, the higher its level
of food security (GDP can be converted into food purchasing
power to make up for the lack of local food production), and
vice versa. It should be noted that food security in this study
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represents relative rather than absolute food security. Food
security was divided into five levels (Table 2): extremely
low security (ELS) (0 ≤ FSI < 0.5), low security (LS) (0.5 ≤
FSI < 1), security (S) (1 ≤ FSI < 1.5), medium security (MS)
(1.5 ≤FSI < 2), and high security (HS) (2 ≤ FSI). FSI can
quantitatively evaluate the food security of a region relative
to the global average. With reference Wu et al. (2011), FSI
was built as follows:

FSIt;n ¼ PGDPn;t

PGDPg;t
þ PFOODn;t

PFOODg;t

� �
*0:5 ð1Þ

where FSIt,n is the FSI of region n at time t; PGDPn,t is the per-

capita GDP of region n at time t; PFOODn,t is the per-capita
grain output of region n at time t; PGDPg,t is the per-capita
global GDP at time t; PFOODg,t stands for per-capita global
food production at time t.

Getis-Ord Gi*

Getis-Ord Gi* is commonly used to analyze the clustering
characteristics and identify spatial clustering of hot and cold
spots with statistical significance. To be a statistically signif-
icant hotspot (cold spot), the area should have a high value
(low value) and be surrounded by other areas that also have

Fig. 1 Maps of the study area, mainland China, showing three administrative levels: country, provinces (a), prefectures (b)

Table 1 Description of the data
used in this study Data type Acquired time Data source

Meteorological (station) data

Temperature 1980–2017 Data center of resources and
environment, Chinese
academy of sciences.
(http://www.resdc.cn/)

Precipitation

Statistical data

Added value of primary industry (AVOPI) 1980–2017 China Economic and Social
Development Statistics
Database and
National/Provincial/Municip-
al Statistical yearbook

Added value of the secondary industry (AVOSI)

Added value of the tertiary industry (AVOTI)

Urbanization rate (UR)

Grain sown area (GSA)

Arable land (AL)

Total power of agricultural machinery (TPOAM)

Fertilizer application amount (FAA)

Effective irrigated area (EIA)

Population

Grain output

Gross domestic product (GDP)
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high (low) values. If the factor has a high z-score and a small
p-value, there is high-value spatial clustering. If the z-score is
low and negative, and the p-value is small, there is a spatial
cluster with a low value. The higher (lower) the z-score, the
greater (smaller) the degree of clustering. If the z-score is close
to zero, there is no obvious spatial clustering (Mondal 2020).
The Gi* index can be used to identify hot and cold spots of
food security and analyze their dynamic spatiotemporal
changes. Getis-Ord Gi* is calculated as follows:

G*
i ¼

∑
n

j¼1
wi; jx j−X ∑

n

j¼1
wi; jffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n ∑
n

j¼1
w2
i; j− ∑

n

j¼1
wi; j

 !2
2
4

3
5

n−1

S

vuuuut
ð2Þ

X ¼
∑
n

j¼1
x j

n
ð3Þ

S ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑
n

j¼1
x2j

n
− X
� �2

vuuut ð4Þ

where xj is the attribute value of factor j, Wi, j is the spatial
weight between factors i and j, and G*

i represents the z-score.

Stepwise multiple linear regression

In this study, correlation analysis was used to eliminate non-
significant correlation factors, and then converted multiple
driving factors into a few comprehensive indicators based on
dimensionality reduction through principal component analy-
sis to represent most of the information of multiple driving
factor variables. According to the contribution degree of dif-
ferent factors to the principal component, the unimportant
independent variables were deleted to reduce the duplicated
information. Finally, multiple stepwise regression analysis
was used to quantify the impact of each driving factor on food
security, so as to eliminate the impact of multicollinearity on
the research results.

This study selected agricultural factors closely related to
food security: grain-sown area (GSA) (Chen et al. 2011), ar-
able land area (AL) (Wei et al. 2017), total power of agricul-
tural machinery (TPOAM) (Mukhopadhyay et al. 2018; Qi
et al. 2015), fertilizer application amount (FAA) (Wang
et al. 2018b), and effective irrigation area (EIA) (Li and
Singh 2019). Climate factors (temperature and precipitation)
(Leisner 2020; Zurayk 2020) and socioeconomic factors
(added value of primary, secondary, and tertiary industry
(AVOPI, AVOSI, AVOTI) and degree of urbanization
(UR)) (Chen 2007) were used to identify the leading factors
affecting food security. The function relationship between
driving factors and food security can be expressed by the
following:

FSI ¼ k1x1;t þ k2x2;t þ k3x3;t þ k4x4;t þ k5x5;t þ k6x6;t

þ k7x7;t þ k8x8;t þ k9x9;t þ k10x10;t þ k11x11;t ð5Þ

where FSI is the normalized food security index in period t; x1,
..., x11 AVOPI, AVOSI, AVOTI, UR, GSA, AL, TPOAM,
FAA, EIA, and average temperature and precipitation; k1, ...,
k11 is the regression coefficient of each driving factor. The
normalized regression coefficient can reflect the relationship
between driving factors and food security, and the influence
degree of driving factors. All statistical analyses were per-
formed using IBM SPSS Statistics 24.

Table 2 Classification of food
security level. Security levels Extremely low

security
Low
security

Security Medium
security

Highly
security

Food security
index

0–0.5 0.51–1 1.01–1.5 1.51–2 >2

Fig. 2 Four dimensions of food security with their main meanings
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Results

Spatiotemporal patterns of food security

FSI was used to quantitatively evaluate spatiotemporal pat-
terns of food security in China from 1980 to 2017 at the
prefectural, provincial, and national scales. The results
showed that food security exhibited obvious spatial heteroge-
neity, and varied with scales. Overall, during the past three
decades, China’s food security has dramatically improved,
while many regions were still below the global average level
in 2017.

Food security at prefectural scale

At prefectural scale, the spatiotemporal pattern of food secu-
rity changed significantly during 1980–2017. The number of
cities below the global average food security (levels ELS and
LS) decreased by 39% from 324 to 198, and the number of
cities in food-secure zones (levels S, MS, and HS) increased
by 18 times, indicating a significant improvement in food
security (Fig. 3(f)). In terms of spatial distribution patterns,
the food security levels of most cities were ELS (50%) or
LS (48%), with a few at HS in 1980. Spatial heterogeneity
in food security was small. By 2017, althoughmost cities were
still below the global average level of food security (60%),
they were primarily at level LS (52%). The proportion of ELS

level cities (8%) decreased significantly; these were mainly
distributed in Tibet and Qinghai Province in Southwest and
Northwest China, respectively (Fig. 3). These cities (9.1%)
that exhibited downward trend were mainly distributed in
Guangdong (9), Sichuan (4), and Zhejiang (7) Provinces,
among which Wenzhou in Zhejiang Province showed the
fastest downward trend (−0.09 year−1; p < 0.01). By contrast,
cities in Northeast China, western Inner Mongolia, and north-
ern Xinjiang saw rapid improvements in food security, with
Suihua in Heilongjiang Province showing the fastest growth
(0.14 year−1; p < 0.01) (Fig. 4(a)).

During the study period, there were significant spatial dif-
ferences in the distribution of food-security cold spots and
hotspots. In 1980, hotspots were concentrated in northeastern
and southeastern coastal cities while cold spots were concen-
trated in middle-north and southwestern cities (Fig. 5(a)).
Over time, the cold spots in the middle north shifted toward
the southwest, and the hotspots in the southeastern coastal
regions decreased. By 2000, food-security hotspots in the
southeastern coastal areas disappeared, and new hotspots ap-
peared in Shandong Province (Fig. 5(c)). Compared with
2000, food-security hotspots had no noticeable change in
2010, but the range of cold spots had expanded significantly,
mostly concentrated in Southwest China (Fig. 5(d)). In 2017,
there was no significant change in the range of hotspots in
Northeast China while the number of hotspots in northern
Xinjiang increased significantly (Fig. 5(e)). Overall, from

Fig. 3 Spatial patterns of food security at prefectural scale from 1980 to 2017. Notes: Please refer to Table 2 for the full names of food security level
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1980 to 2017, the range of cold spots increased significantly,
mainly in Southwest China. In terms of hotspots, the spatial
distribution pattern obviously changed, except in Northeast
China.

Food security at the provincial scale

At the provincial level, the number of provinces in a state
of S increased by 32% from 1980 to 2017 (Fig. 6(f)). The

fastest growth rate was in Heilongjiang Province (0.06
year−1; p < 0.01), followed by Inner Mongolia, Jilin,
Tianjin, and Henan, and Zhejiang had the slowest growth
rate (Fig. 4(b)). Although other provinces were still below
the global average level of food security by the end of the
research period, the level of food security improved sig-
nificantly (Fig. 6). Hotspot analysis showed that, at the
95% confidence level, the spatial pattern of food-
security hotspots had no obvious change from 1980 to

Fig. 4 Linear trend changes in food security state at prefectural (a) and provincial (b) scales during 1980–2017

Fig. 5 Hot and cold spots of food security at prefectural scale from 1980 to 2017
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2017, and all were concentrated in Northeast China. From
1980 to 2000, there were no food-security cold spots. In
2010, food-security cold spots appeared mainly in
Guangxi, Guizhou, and Hunan Provinces in southern
China. In general, food-security cold spots and hotspots
gradually formed a stable spatial distribution pattern from
1980 to 2017, with stable hotspots forming in Northeast
China and stable cold spots forming in Southwest China
(Fig. 6).

Food security at the national scale

At the national level, China’s food security was low compared
with the global average. From 1980 to 2014, food security of
China was below the global average. Nevertheless, China’s
overall food security exhibited an upward trend, with an av-
erage annual growth rate of 1.8%. During 1980 to 2005, food
security changed slightly, fluctuating around 0.6. By 2015,
China reached the global average level, and the FSI exceeded
1. Overall, FSI increased from 0.51 in 1980 to 1.02 in 2017
(0.01 year−1; p < 0.01) (Fig. 7).

Fig. 6 Spatial patterns and hot and cold spots of food security at provincial scale, 1980–2017. Notes: Please refer to Table 2 for the full names of the food
security level

Fig. 7 Variation in food security index at national scale from 1980 to
2017
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Driving factors of food-security changes at various
scales

Driving factors of food-security changes at the prefectural
scale

Multiple regression analysis showed obvious spatial heteroge-
neity in the main factors affecting food security, and the rela-
tionship between food security and its influencing factors also
changed with scale (Fig. 8). The agricultural factors FAA and
TPOAM and the economic factors AVOPI, AVOSI, and
AVOTI had positive effects on food-security changes at the
prefectural scale. For 89% of cities, the agricultural factors AL
and GSA and the social factor of UR had positive effects on
food security while for 11% of cities, they had negative effects
(Fig. 9). Among economic factors, about 20% of urban food
security was affected by AVOTI, with standardized regression
coefficients ranging from 0.74 to 1.2. Next, 19% of
prefecture-level food-security changes were mainly affected
by AVOPI. Among agricultural factors, food security for
13% of prefecture-level cities were mainly affected by FAA.
In general, economic factors, especially AVOTI, were the
dominant factors affecting food security at the prefectural
scale (Fig. 10).

Driving factors of food-security changes at the provincial
scale

At the provincial level, agricultural factors (FAA, EIA,
TPOAM) and economic factors (AVOPI, AVOSI, AVOTI)
were the most important factors affecting food security

(Fig. 8). They had positive effects on food security for each
province (Fig. 11). Among economic factors, food security
level for 29% of provinces were mainly affected by AVOPI
(standardized regression coefficients: 0.84–1.12). Next, more
than 22% of provinces were mainly affected by AVOTI (stan-
dardized regression coefficients: 0.88–1.61). Among agricul-
tural factors, FAA was the most important, playing a leading
role in 16% of provinces (standardized regression coefficients:
0.57 to 1.04) (Fig. 12). Overall, for most provinces, AVOPI
was the main factor affecting food security; however, AVOTI
had a greater effect on food security than AVOPI (Fig. 12;
Table 3). During the research period, in more than 80% of
provinces, 90% of changes in food security were explained
by the above factors (Table 3).

Driving factors of food-security changes at the national scale

Economic (AVOPI) and agricultural (GSA) factors were the
main factors affecting changes in food security, both with
positive effects. Between 1980 and 2017, AVOPI and GSA
jointly explained 98% of the changes in China’s food security
(Fig. 8). According to the regression coefficients, AVOPI
(0.94) had a greater effect on food security than GSA (0.13).

Discussion

Spatiotemporal patterns of food security

This study built a food security evaluation index based on grain
yield, population, and GDP and used spatial analysis to evalu-
ate dynamic spatiotemporal changes in food security from
1980 to 2017 at multiple scales (prefecture, province, and na-
tional levels). Compared with previous studies (Cao et al. 2017;
Nath et al. 2015; Qi et al. 2015; Wang 2019), this study more
comprehensively considered the dimensions of food security
and revealed its multiscale changes and spatial heterogeneity.
During the research period, food security in China generally
rose at the prefectural, provincial, and national scales.

Different from previous studies on food security at the pro-
vincial and national scales, researches at prefectural scale can
better reveal spatial heterogeneity and identify risk areas in
food security. The spatial distribution pattern indicated that
food security increased significantly in Northeast China and
northern Xinjiang from 1980 to 2017. For example, during the
research period, food security in Suihua, Heilongjiang
Province, rose from low security (LS) to high security (HS).
The reason for this is that Suihua is located in the Songnen
Plain, one of China’s most important grain-production bases
and a hotspot for increased grain output. This finding is con-
sistent with Yu et al. (2018). The food security of Karamay in
Xinjiang was upgraded from extremely low (ELS) to security
(S). Per-capita food production in the region increased by

Fig. 8 Venn diagram of the driving factors for food security at three
scales (national, provincial, and prefectural) from 1980 to 2017. Blue,
red, and green represent economic, social, and agricultural factors,
respectively. Economic factors include AVOPI, AVOSI, and AVOTI;
social factors include UR; and agricultural factors include TPOAM,
EIA, FAA, AL, and GSA. The number in each circle is the range of
adjusted R2
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Fig. 9 Spatial distribution of dominant factors at prefectural scale. Please refer to Table 1 for the full names of the driving factors

Fig. 10 Number of cities dominated by different driving factors (a) and impacts of driving factors on food security (b). Notes: Please refer to Table 1 for
the full names of driving factors
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more than six times during the research period (China’s eco-
nomic and social big data research platform; https://data.cnki.
net). Moreover, the region is rich in coal and oil resources and
is a hotspot of China’s economic growth (Qi et al. 2013). By
contrast, food security decreased significantly in the southeast
coastal areas; in particular, food security in Wenzhou,
Zhejiang Province, dropped from high security (HS) to low
security (LS). A possible reason is that the rapid expansion of
cities in the southeast coastal areas has occupied a large
amount of arable land (Liu et al. 2012; Wang et al. 2018a),
leading to a decline in total grain output. From 1980 to 2017,
exceptWenzhou, the food security of 18 cities in the southeast

coastal areas showed a downward trend. This suggests that
economic development cannot necessarily compensate for
the effect of urban expansion on food security caused by the
encroachment on cultivated land.

At the provincial level, despite decreasing grain production
in Qinghai, Shanghai, Beijing, Fujian, Guangdong, Sichuan,
and Zhejiang, food security in those provinces significantly
improved as a result of rapid economic growth (Fig. 11).
Similar to the food-security pattern at the prefectural level,
food-security hotspots at the provincial level were mainly dis-
tributed in Northeast China and Inner Mongolia (Fig. 6). The
reason for this is that Northeast China is a major grain-

Fig. 11 Spatial distribution of dominant factors at provincial scale. Notes: Please refer to Table 1 for the full names of the driving factors

Fig. 12 Number of provinces dominated by different driving factors (a) and impacts of driving factors on food security (b). Notes: Please refer to Table 1
for the full names of the driving factors
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producing region. In 1980, it accounted for 10% of China’s
grain output (China’s economic and social big data research
platform; http://data.cnki.net/). As a result of the rise of global
temperature and the expansion of arable land in this region
(Qin et al. 2013; Yang et al. 2007), Northeast China accounted
for 21% of China’s grain output in 2017 (China’s economic
and social big data research platform). In addition to the north-
east region, food security also improved rapidly in Inner
Mongolia, where the arable land area had increased by more
than two million ha since 1980 (Wu et al. 2015). In addition,
owing to the development of mining, tourism, and
manufacturing, Inner Mongolia’s per-capita income increased

by 8.5 times from 1987 to 2015 (Shang et al. 2019), greatly
increasing food purchasing power and food security.
Provinces with low food security were mainly distributed in
the central and southwestern regions, which are not major
grain-producing areas. Moreover, compared with the eastern
regions, in the western provinces, poverty rates were much
higher, per-capita GDP was significantly lower (Fleisher
et al. 2010; Ye et al. 2014), and grain output and grain pur-
chasing power were relatively low. In 2017, the lowest level
of food security was found in Qinghai Province, which is
located in the high, cold region of the Qinghai-Tibet Plateau
and is not suitable for crops. Consistent with the present

Table 3 Standardized regression coefficients and coefficients of determination (R2) between driving factors and food security state at provincial scale

Province Standardized regression coefficients R2

AVOPI AVOSI AVOTI UR GSA AL TPOAM FAA EIA TEM PRE

Beijing 1.32** 0.43** 0.97

Tianjin 0.99** 0.99

Hebei 1.12** −0.55** 0.44** 0.97

Shanxi 0.90** 0.12* 0.20** 0.91

Inner Mongolia 0.20** 0.82** 0.11** 0.98

Liaoning 0.95** 0.90

Jilin 0.66** 0.34** 0.10* 0.93

Heilongjiang −0.4** 1.04** 0.31** 0.97

Shanghai 1.25** 0.68** 0.93

Jiangsu 0.50** 0.42** 0.72** 0.96

Zhejiang 1.60** 1.34** 0.94

Anhui 1.37** −0.44* 0.92

Fujian 1.63** 0.86** 0.96

Jiangxi 0.68** 0.27** 0.19** 0.96

Shandong 0.84** 0.24** 0.29** 0.96

Henan 0.44* 0.16* 0.43** 0.69

Hubei 0.88** 0.39** 0.28* 0.91

Hunan 0.98** 0.13** 0.93

Guangdong 0.82** 0.67

Guangxi 1.53** 0.82** 0.85

Hainan 0.83** 0.69

Chongqing 0.94** −0.18** 0.20* 0.96

Sichuan 0.68** 0.45

Guizhou 0.47** 0.57** 0.13** 0.94

Yunnan 0.54** 0.50** 0.97

Xizang 0.51** 1.11** 0.24* 0.16* 0.86

Shaanxi 0.96** 0.91

Gansu 0.43** 0.57** 0.95

Qinghai 1.30** 0.72** 0.90

Ningxia 0.52** 0.30** 0.28** 0.97

Xinjiang 0.96** 0.91

*The significance at the 0.05 level; ** the significance at the 0.01 level. Please refer to Table 1 for the full names of the driving factors
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study’s results, Qi et al. (2015) also found that Qinghai
Province’s food security was at a high level of risk based on
an assessment of grain supply and demand.

At the national scale, overall food security in China showed
an upward trend from 1980 to 2017; this differs from the
results of previous studies. Analyzing food supply and de-
mand, Ye et al. (2013) found that, before 2010, China’s food
security was on the rise; after 2010, however, it started to
decline as a result of rapid population growth and nonoptimal
socioeconomic and agricultural development. There are a cou-
ple reasons for these divergent results. First, in the assessment
of China’s food security, the present study considered not only
the food supply but also the supplementary role of economic
purchasing power in food shortage. Second, this study consid-
ered the state of China’s food security relative to the global
average level. This is different from Ye et al. (2013), who
simulated changes in grain yield under future climate scenar-
ios and assessed the effects on food security.

Mechanisms underlying the effect of major factors on
food security

Clarifying the relationship between food security and its driv-
ing factors can help improve regional food security. This
study found that climate factors had a relatively small effect
on food security compared with human activity (e.g., socio-
economic and agricultural activities).

In the multivariate regression analysis, the main factors
affecting food security showed differences in scale. At the
prefectural scale, taking Xishuangbanna in Yunnan Province
as an example, AVOTI was the main food-security factor.
After 1980, the structure of agricultural cultivation in the re-
gion changed from grain crops (e.g., rice) to economic crops
(e.g., bananas, rubber, and tea) (Nomoto and Yokoyama
2020; Shen et al. 2017), which do not meet the food needs
of local people. Additionally, Xishuangbanna is a popular
tourist destination. Tertiary industry is the pillar of the local
economy, accounting for 54.5% of the city’s GDP (Gao et al.
2019), which can provide food purchasing power and ensure
food security for local people. At the provincial level, AVOSI
was the main factor affecting food security in Yunnan
Province. This is because Yunnan is mainly on a plateau; only
6% of the land is suitable for agricultural cultivation, the qual-
ity of cultivated land is low (Luo et al. 2014), and the grain
output accounts for less than 3% of the national total.
However, Yunnan is rich in energy, and its secondary indus-
try, mainly nonferrous metals and hydropower, has developed
rapidly, driving local GDP growth and helping to ensure local
people’s food purchasing power (Deng et al. 2016; Qu et al.
2019). At the national level, AVOPI played a key role in
China’s food security. Agricultural production has always
played an important role in China’s economic development
and in people’s lives (Mukhopadhyay et al. 2018). Since

1978, agriculture has developed rapidly, with the average an-
nual growth rate of gross agricultural product reaching 6.1%
from 1978 to 2015, 2.4 times that of the socialist period
(1949–1977) (Gong 2018). This has helped to greatly improve
food security in China.

The main factors affecting food security also exhibited spa-
tial heterogeneity. At the prefecture level, Altay in Xinjiang is
located in the arid region, with an average annual rainfall of
139.3–268.4 mm (Fu et al. 2017). Water is the main factor
limiting local crop growth, and increasing the irrigated area
can significantly improve crop yield (Zhang et al. 2015).
Therefore, effective irrigated area (EIA) was the leading factor
affecting local food security. By contrast, in Jinchang, Gansu
Province, arable land area (AL) was the main factor, while in
Hohhot and Inner Mongolia, FAA plays a key role in improv-
ing crop yield and food security. At the provincial level, there
were also significant differences in the main factors affecting
food security. Compared with the national average level, the
amount of chemical fertilizer applied in agriculture in
Xinjiang Autonomous Region was less. For provinces in
East China, the service-dominated tertiary industry developed
rapidly, greatly improving local economic development
levels. From 1978 to 2010, the per-capita GDP in the coastal
areas increased by more than 18 times (He et al. 2014), thus
greatly improving food purchasing ability and food security.
In some cities, urbanization and other factors had negative
effects on food security. For example, urban expansion in
Meishan City has occupied a large amount of high-quality
arable land resources (Liu et al. 2014), thus reducing the local
grain output and food security.

Implications for improving food security

This study’s findings indicated that social, economic, and ag-
ricultural management measures can explain food-security
changes in China. Multiscale research can therefore provide
scientific suggestions for improving food security at various
scales. First, with agriculture as a basic industry, focusing on
the development of primary industry is key to improving food
security. In this regard, the following measures can be taken:
(1) Improve the intensive use of urban land, reduce urban
sprawl’s encroachment on cultivated land, protect the conser-
vation “red line” of 1.8 billion mu of cultivated land, and
avoid changing cultivated land to nongrain crops; (2) increase
agricultural subsidies, stimulate farmers’ enthusiasm for agri-
cultural production, ensure that grain-planting areas do not
decrease, and improve China’s self-sufficiency in grain pro-
duction. Second, agricultural management measures should
be improved to increase grain production. Specific measures
include the following: (1) Improve irrigation infrastructure
and methods and adopt appropriate irrigation technologies
(e.g., flood, sprinkler, and surface/subsurface drip irrigation)
to improve water-resource utilization; (2) Increase investment
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in agricultural machinery to achieve mechanized agricultural
production and increase grain output; (3) apply accurate
amounts of fertilization based on the characteristics of the
crop-growth period to improve fertilization use efficiency. In
summary, improving food security requires adjusting policies
and measures according to local conditions, in consideration
of the main factors affecting local food security.

Conclusions

This study built a food security index based on the global
average to quantify the spatiotemporal patterns of food secu-
rity in China. The risk areas of food security were identified.
The effects of social, economic, agricultural, and climatic fac-
tors were analyzed at multiple scales (prefecture, provincial,
and country) using multiple stepwise regression. A multiscale
approach is needed to quantify food security dynamics and
that single perspective methods can misrepresent spatiotem-
poral variations and key influencing factors.

Food security in China and its influencing factors are char-
acterized by spatial heterogeneity and differences in scale, and
smaller scale showed greater heterogeneity than the larger
scale; therefore, multiscale research can provide more scien-
tific suggestions for improving food security at various scales.
At the prefectural level, food security had obvious spatial het-
erogeneity, and more than 90% of cities showed an upward
trend in food security, with the most marked improvements
occurring in North and Northeast China. Added value of ter-
tiary, which can provide food purchasing power (domestic or
international trade) and ensure local food security, was the
main factor affecting food security. Moreover, for 89% of
cities, the agricultural factors of arable land area, grain-sown
area, and the social factor of urbanization exerted positive
effects on food security and had negative effects for 11% of
cities. At the provincial level, food security in all provinces
was on the rise during the research period. Hotspots were
concentrated in Northeast China while cold spots were con-
centrated in southern provinces. The gross agricultural output
value was the main determinant of food security. At the na-
tional scale, food security showed a significant upward trend,
and added value of primary was the main influencing factor.
The agricultural (fertilizer application amount, effective irri-
gation area, total power of agricultural machinery) and eco-
nomic (added value of primary, secondary, and tertiary indus-
try) factors had positive effects on the level of food security at
the three scales.

Compared with human activity (social, agricultural, eco-
nomic), climate change had less impact on food security,
and economic factors played predominant role at three scales.
Our study is helpful to clarify the spatiotemporal dynamics of
China’s food security and its driving factors and make

effective adjustments to the food security policies at
various scales.
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