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Abstract: Accurately understanding the relationship between grain production and economic de-
velopment is of great practical significance for ensuring national food security and coordinating
inter-regional economic development. Using 2012 counties as research units, we analyzed the spatial
coordination between grain production and economic development in China using the coupling of
grain and economy (CGE) index, as well as the curve of gravity center and thematic map series meth-
ods based on statistical data from counties between 2000–2017. The results showed that: (1) Grain
production was weakly coordinated with the economic development in China; but this coordination
was enhanced. (2) China’s conversion between various types of grain production and economic
development mainly occurred in the central and western regions, which are characterized by a
much higher grain agglomeration level than the economic agglomeration level. (3) The northeastern
region was prone to the grain agglomeration, the central and western regions were characterized
by a grain-economy balance and the eastern region was dominated by economic agglomeration.
(4) The increase of China’s CGE gradually increased from the southwest to northeast. Therefore, we
proposed that the government should pay more attention to grain circulation in the eastern region
and main grain-producing areas in central region should develop an accurate benefit compensation
system, support leading grain processing enterprises and implement cultivated land protection
policies in order to ensure national food security.

Keywords: grain production; economic development; coordination; agglomeration level;
Chinese counties

1. Introduction

Grain production is closely related to economic development [1]. As a basic necessity
human survival, grain provides the material basis for regional economic development.
Meanwhile, economic development provides material support for grain production. With
the elevation of their economic level, countries tend to strengthen financial support for
agricultural production and to further stabilize the production of grain [2–4]. However,
there are many problems that threaten grain production and agricultural development, such
as urban expansion occupied cultivated land, famers’ non-agricultural employment, low
agricultural efficiency and a rural economic recession brought by economic development,
have gradually emerged. Therefore, improving research on the relationship between
grain production and economic development can help ensure food security and promote
coordinated economic development among regions.

Grain production and economic development have almost always been incompatible
in terms of process of industrialization and urbanization both in developed and developing
countries. Some countries have quickly adjusted their development strategies. Through
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policies of agricultural and rural land reform, Japan has adopted a fully cooperative land-
saving strategy and it has invested a large amount of capital and technology. This was done
in order to ensure that agriculture can keep pace with economic development, with a ratio
of agricultural employment income to income from other industries of only 1.1 [5]. The
Netherlands has also made great efforts to develop agriculture by strengthening various
forms of support including policy, technology and industry. According to the European
Commission data, the farmers’ income reached €60k in 2017 in Netherlands. However,
there are also countries with inconsistencies between agricultural production and economic
development. For example, although the agriculture is developed in Argentina, poverty in
rural areas is severe, with 29.9% of the poor population living there [6], which leads to a
severe imbalance between agricultural production and economic development.

This kind of imbalance also exists in China [7,8]. In the past 70 years, China’s grain
production has made great strides, with total grain yields increasing from 113.18 million
tons in 1949 to 663.84 million tons in 2019. During this period, China experienced un-
precedented economic development, especially over the last 40 years since the reform and
opening up of the national economy, which has since enjoyed sustainable and rapid growth.
The annual average economic growth rate was 9.4% during the period between 1979–2018,
which was much higher than that for the world economy during the same period (about
2.9%). However, the conflict between grain production and economic development was
increasingly prominent in China, with the two following different trajectories. On the one
hand, economic development in grain-producing regions was slow and some major grain-
producing counties were caught in a situation in which economic development was poor
despite increasing grain yield in successive years [7]. In 2017, a total of 105 of the 800 major
grain-producing Chinese counties were listed as poverty-stricken in terms of the national-
level standard. On the other hand, grain production was declining in areas of economic
agglomeration. With rapid economic development, a large quantity of cultivated land was
transformed into non-agricultural land at an accelerating rate [9,10]. Between 1992–2015,
urban expansion completely occupied 33,100 km2 of high-quality and high-yield cultivated
land, leading to a reduction in grain production by 12.45 million tons [11,12]. In addition,
agricultural returns have declined in comparative terms and much of the agricultural labor
force migrated into non-agricultural industries. These two phenomena were especially
evident in some economically developed main grain-producing regions [13,14]. The most
recent 20 years witnessed a continuous decline in the level of grain commercialization
and the problem of economic development impeding grain production has increasingly
taken hold even in the main grain-producing regions of China [8]. This shows that the
concentration of grain production and the agglomeration of economic development in
China are in spatial conflict.

Why do economies and industries agglomerate or diverge in particular regions? Fujita,
Krugman, Venables [15,16] and other scholars have succeeded in modeling increasing
returns with respect to scale and imperfectly competitive market structures. They have
proposed a “Core-periphery Model” to explain the agglomeration. This research has led to
a boom in terms of interest in spatial economics. Subsequent studies have shown that the
impacts of vertical spaces upstream and downstream of industries [17], infrastructure [18],
government actions [19], market potential and incremental returns to scale [20] and traffic
costs [21] on industrial agglomeration. Due to the cumulative circular effect and industrial
linkage effect, economic center and urban center eventually be formed. Economic growth
attracts the transfer of production factors to core area [22]. To a certain extent, these make
socioeconomic development spatially polarized.

This kind of agglomeration and differentiation is also reflected in the process of grain
production and economic development in China. China’s grain production has trans-
formed since the 1990s and the focus of grain yield growth has trended northward and
westward [23,24]. Meanwhile, the distributional pattern of economic development has
shifted in a southeast direction. The differences and divergences in terms of economic de-
velopment level have evolved from a northeast-to-southwest direction into a coastal-inland
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pattern and the current southeast-northwest direction [25,26]. Interregional and urban-
rural gaps are still expanding. However, the spatial relation between grain production and
economic development has rarely been discussed [7,27,28]. Studies have shown that it has
been difficult to synchronize China’s grain production and economic development but
their conclusions regarding trends in terms of variation are still controversial [28,29]. For
instance, some studies conclude that the main grain-producing regions with higher grain
yields have fewer fiscal revenue sources. Grain production and economic development are
spatially unmatched, which suggests a strengthening trend [8]. Nevertheless, some studies
have pointed out that both the coordination of grain production relative to finance and
income have improved [30].

The present research provides in-depth theoretical analysis and practical verification
on economic agglomeration and economic polarization and examined the relationship
between grain production and economic development in China. However, the spatial
pattern of grain and economic agglomeration simultaneously are less well known [31].
Given this situation, our study is based on grain production and economic data at the
scale of Chinese counties between 2000–2017. Our analytical method involving geographic
concentration was used to establish an index of the coupling of grain and economy (CGE)
with the goal of revealing the spatial coordination between China’s grain production and
economic development at the county level. We tried to address the following questions:
(1) Is grain production coordinated with its economic development? What is the extent
of this coordination in China? (2) How is the coordination between grain production and
economic development changing spatially? In addition, the causes of the formation and
change of this coordination have been explained and pertinent policy suggestions have
been proposed.

2. Materials and Methods
2.1. Data Sources and Processing

The data used in this paper are derived from the Socioeconomic Statistical Yearbook
of Chinese Counties (Cities), the provincial (municipal and autonomous region-level)
statistical yearbooks and the county-level (city-level) statistical bulletin of the national
economy and social development during the period between 2000–2017. These sources
include the total grain yields and gross domestic product (GDP) of the counties (cities).
Using the county-level administrative regions as the research units, the administrative
division in 2010 was taken as the benchmark and the county-level units for other years
were corrected. After the counties without statistical data were excluded, a total of 2012
effective statistical units were acquired, not including Taiwan, Hong Kong and Macao.

2.2. Research Methods
2.2.1. Geographic Concentration and CGE Index

In order to analyze the spatial deviation or correlation between grain yield and
economic development level, the spatial consistency coefficient of population and economy
was referenced [8,32] and the ratio of the geographic concentration of grain to economic
concentration—namely, the CGE index—was used to measure the relationship between
grain yield and economic development level. The CGE index was calculated as follows:

grai =
GRAi × ∑ GRAi

Ti × ∑ Ti
(1)

gdpi =
GDPi × ∑ GDPi

Ti × ∑ Ti
(2)

CGEi =
grai
gdpi

=
GRAi × ∑ GDPi
GDPi × ∑ GRAi

(3)
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where CGEi is the CGE index of the region i and grai and gdpi stand for the geographic
concentration of grain and economic geographic concentration in the region i. GRAi, GDPi
and Ti represent the grain yield, GDP and national territorial area in region i, respectively.

In terms of grain production and economic development, the CGE value represents the
relationship between the geographic concentration of grain production and the economic
geographic concentration; that is, the relationship between grain agglomeration level and
economic agglomeration level for a particular region. The grain agglomeration here means
grain production is concentrated distribution in a region. The more the CGE value deviates
from 1, the lower the degree of matching between regional grain production and economic
development, with the opposite indicating a greater degree of balance. A higher value
indicates a greater geographic concentration of grain production than economic geographic
concentration, a relatively higher grain production level and a greater tendency for grain
agglomeration. Conversely, if the regional economic development level is higher, there is a
greater tendency toward economic agglomeration.

In order to facilitate the comparison between counties, related observations were
made as a reference for dividing the Chinese counties into five types according to their
CGE value [32]: When CGE ≤ 0.5, the regional grain agglomeration level was much lower
than the economic agglomeration level and economic development was obviously favored
(Type I). When 0.5 < CGE < 0.8, the regional grain agglomeration level was slightly lower
than the economic agglomeration level, with a moderate economic development advantage
and grain yields showed strong growth potential (Type II). When 0.8 ≤ CGE ≤ 1.2, the
regional grain production level was basically coordinated with the economic development
level (Type III). When 1.2 < CGE < 2.0, the regional grain agglomeration level was slightly
higher than the economic agglomeration level, with a moderate favoring of grain produc-
tion (Type IV). When CGE ≥ 2.0, the regional grain agglomeration level was much higher
than the economic agglomeration level, with a major grain production advantage (Type V).

2.2.2. The Gravity Centers Curve and Thematic Map Series

The gravity centers curve is a spatial statistical approach used to describe the spatial
agglomeration and distribution of geographic elements and their migration. This approach
takes the average center of the spatial distribution of geographic elements as a gravity
center, whose migration reflects the overall displacement characteristics of the geographic
elements. In this paper, this method was used to construct the migration paths for the
gravity centers for different levels of CGE change in China. The calculation formula is as
follows: {

X = ∑ pixi
∑ pi

Y = ∑ piyi
∑ pi

(4)

where X and Yare the barycentric coordinates for one distribution region of CGE change
levels, xi and yi represent the coordinates of geographic center for the evaluation unit i and
pi is the change intensity of CGE index for the evaluation unit i.

With reference to related research [33], the CGE index for China was divided into
16 levels. The graph layer was independently drawn for each level, thus forming the
thematic map series for the CGE index, which contributed to a more detailed description of
spatial patterning for the CGE index changes. Second, the gravity center for each level was
generated and the gravity center curves for the CGE index changes were drawn based on
their grading. In the end, points near one another on the curve were appropriately merged
and the typological division was implemented according to the First Law of Geography
(i.e., that everything is related to everything else but near things are more related than
distant things) [34].
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3. Results
3.1. Spatial Pattern of the Coordination between Grain Production and Economic Development
in China

In order to analyze the spatial distribution laws for the different types of counties, the
“four plates” proposed by the Research Center of for the Legal System of the State Council
in 2005 was referenced in dividing China into four regions (Figure 1): the eastern region
(Beijing, Tianjin, Shanghai, Hebei, Shandong, Jiangsu, Zhejiang, Fujian, Guangdong and
Hainan), the central region (Shanxi, Henan, Anhui, Hunan, Hubei and Jiangxi), the western
region (Inner Mongolia Autonomous Region, Shaanxi, Sichuan, Chongqing, Guizhou,
Yunnan, Guangxi Zhuang Autonomous Region, Gansu, Qinghai, Tibet Autonomous Re-
gion, Ningxia Hui Autonomous Region and Xinjiang Uygur Autonomous Region) and the
northeastern region (Heilongjiang, Jilin and Liaoning).
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3.1.1. Coordination Types between Grain Production and Economic Development in 2000

In 2000, China’s grain production and economic development showed obvious weak
coordination and the grain agglomeration level was higher than the economic agglomera-
tion level (Table 1). To be more specific, grain production was relatively consistent with
economic development in only 249 counties in 2000, accounting for 12.38% of the total
number of counties nationwide. In contrast, a total of 1763 counties (87.62%) experienced
inconsistencies between grain production and economic development. The grain agglomer-
ation level was higher than the economic agglomeration level in 1441 (71.62%) of counties
with inconsistent grain production and economic development. Most of these counties
had a much higher grain agglomeration level than the economic agglomeration level. In
addition, the grain agglomeration level was lower than the economic agglomeration level
in 322 counties, accounting for 16.01% of the total number of counties.
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Table 1. Different coordination types between grain production and economic development in China between 2000–2017 (%).

2000 2017

Nation Eastern
Region

Central
Region

Western
Region

Northeastern
Region Nation Eastern

Region
Central
Region

Western
Region

Northeastern
Region

I 9.00 21.26 3.81 5.94 10.67 29.82 53.26 13.83 30.73 12.00
II 7.01 15.22 3.81 5.01 6.00 16.40 13.77 16.03 13.50 6.67
III 12.38 22.71 11.42 7.68 9.33 17.10 12.80 23.65 17.35 6.00
IV 25.20 27.29 30.06 21.42 19.33 17.20 10.87 25.65 19.91 5.33
V 46.42 13.53 50.90 59.95 54.67 19.48 8.94 20.84 18.51 70.00

Note: Type I: Grain agglomeration much lower than the economic agglomeration; Type II: Grain agglomeration slightly lower than the eco-
nomic agglomeration; Type III: Grain agglomeration basically coordinated with the economic agglomeration; Type IV: Grain agglomeration
slightly higher than the economic agglomeration; Type V: Grain agglomeration much higher than the economic agglomeration.

From the perspective of spatial distribution (Table 1, Figure 2a), the counties with
mostly consistent grain production and economic development in 2000 had a dispersed
distribution mainly in Shandong, Zhejiang and Fujian in the eastern region, on the border
between Henan and Shanxi in the central region, in Liaoning in the northeast region and the
north of Sichuan, Ningxia and Qinghai in the western region. Some of these counties were
relatively underdeveloped traditional regions with major grain production. Others enjoyed
relatively rapid economic development and steady grain production, with either the overall
grain production or economic development either lagging behind or taking the lead. The
grain agglomeration level was higher than the economic agglomeration level in the majority
of Chinese counties, which were continuously distributed throughout most areas in the
northeast, central and western regions in China. The counties with a significantly higher
grain agglomeration level in comparison with their economic agglomeration level were
concentrated in Heilongjiang and Jilin in the northeast region, Henan, Anhui, Jiangxi,
Hubei and Hunan in the central region and in Guizhou, Yunnan, the east and south of
Sichuan, Shaanxi, the southeast of Gansu and the northwest of Xinjiang in the western
region. Most of the above-mentioned areas were the major grain-producing areas in China,
where a long history of grain production, intensive cultivation experience, improved soil
quality and abundant labor resources laid a strong foundation for grain agriculture [35]. For
example, the CGE index in 11 out of the 65 counties in Heilongjiang Province was greater
than 7. It even reached 17.05 in Fuyuan County, embodying the evident advantages in
grain production. The counties with a grain agglomeration level lower than the economic
agglomeration level were mainly distributed in Shanghai, Zhejiang, Fujian, Guangdong,
Beijing and Tianjin in the eastern region, as well as the west of Inner Mongolia, the
northwest of Gansu, the east of Xinjiang and Qinghai in the western region. The counties
with a much lower grain production level relative to economic agglomeration level were
concentrated in the southeastern coastal areas, which were economically developed, with a
high level of urbanization and much greater economic development compared to grain
production capacity. In Shengsi County, Zhejiang Province, for example, the CGE index
was only 0.0017 in 2000 and the proportion of economic aggregate was over 580 times
that of the grain yield, which demonstrates a low level of grain production relative to
its economically developed background. In the west of Inner Mongolia, the northwest
of Gansu, the east of Xinjiang and some areas in Qinghai, grain production was highly
constrained by natural conditions and the economic level was higher relative to the fragile
grain production. For example, the grain yield in 2000 was only 8320 tons in Golmud City,
Qinghai Province, due to the climate of the inland plateau basin’s climate; namely, that it
is cold, arid, windy and with steep terrain, along with other poor natural conditions for
agricultural production. Comparatively speaking, benefiting from its abundant tourism
resources, the GDP in this city reached RMB 1674.09 million in 2000, of which tertiary
industry accounted for 40.7%. In this way, grain production evidently lagged behind
economic development.
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3.1.2. Coordination Types between Grain Production and Economic Development and
their Spatial Distribution Laws in 2017

In 2017, an obviously weak coordination between China’s grain production and
economic development was still present, but the coordination had improved for certain
reasons and the grain agglomeration level was lower than the economic agglomeration
level (Table 1). Specifically, grain production was basically consistent with the economic
development in 344 counties, accounting for 17.10% of the total number of counties. In
contrast, the inconsistent relationship between grain and economic agglomeration levels
appeared in 1668 counties, accounting for 82.90% of the total number of counties. Among
these, the grain agglomeration level was higher than the economic agglomeration level in
738 counties, accounting for 36.68% of the total number of counties. In addition, the grain
agglomeration level was lower than the economic agglomeration level in 930 counties,
making up a proportion of 46.62% of the total number of counties. Most of these counties
had a grain agglomeration level much lower than the economic agglomeration level.

From the perspective of spatial patterning (Table 1, Figure 2b), the counties with
basically consistent grain production and economic development in 2017 still maintained a
dispersed distribution. However, they formed continuous patches in Hunan and Hubei
in the central region, Guizhou, the west of Sichuan and the east of Tibet in the western
region. The counties with a higher grain agglomeration level than economic agglomeration
level were distributed in the northeastern region, Hebei, Henan, Anhui and Jiangxi in the
central region and the southeast of Gansu and the northwest of Xinjiang in the western
region. The scale of counties with a significantly higher grain agglomeration level than
economic agglomeration level was narrowed to Heilongjiang and Jilin in the northeastern
region, Henan and Anhui in the central region and the northwest of Xinjiang in the western
region. The above-mentioned areas were mostly major grain-producing zones with high
grain agglomeration levels and relatively under-developed economies. The counties with
lower grain agglomeration levels relative to economic agglomeration level were mainly
concentrated in the eastern coastal areas, Shanxi, Hubei and the center of Hunan in the
central region and Guangxi, Inner Mongolia and the border between Gansu, Xinjiang and
Qinghai in the western region. Especially in the Guangxi Zhuang Autonomous Region,
the number of counties with a grain agglomeration level far lower than the economic
agglomeration level increased from 2 in 2000 to 79 in 2017. Karst landforms are widely
distributed in this province, with deep grooves and valleys crossing the territory, as well as
basins alternating with hills, making the landscape complex. Moreover, this province is
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also extensively populated with carbonate rocks, leading to inadequate soil fertility, serious
water loss and soil erosion and, consequently, relatively low grain yield [36]. According
to these statistical data, Guangxi Province has vigorously developed its tourism industry
and related tertiary industries in recent years, with the proportion of tertiary industry in
GDP rising from 39.2% in 2005 to 44.2% in 2017. Meanwhile, the proportion of primary
industry in GDP declined by 7.4%. Primary industry here is concentrated on the planting
of commercial crops like vegetables, melons and fruits, tea plants and garden fruits. The
grain yield in this province declined from 15.163 million tons in 2005 to 14.677 million tons
in 2017. Sugarcane and vegetable yields grew from 51.547 million tons and 21.184 million
tons in 2005 to 76.1169 million tons and 30.8685 million tons in 2017, respectively. The
garden fruit yield increased sharply from 5.716 million tons in 2005 to 17.013 million tons
in 2017, nearly doubling.

In summary, irrespective of whether it was in 2000 or 2017, the counties with lower
grain agglomeration levels than economic agglomeration levels were mainly distributed in
the eastern region with a high overall economic development level and the northwestern
region with a relatively low grain yield. The counties in which grain agglomeration levels
were higher than their economic agglomeration levels were mainly distributed in the cen-
tral regions with relatively lower level of economic development and in the northeastern
region with a high level of grain production. Counties with a basically consistent grain
agglomeration and economic development were mainly distributed in the central region
and were associated with a relatively slow economic development and relatively steady
grain production. As the time has passed, the coordination between China’s grain produc-
tion and economic development has improved and has been increasingly influenced by the
economic development. Therefore, the economic agglomeration level usually exceeds the
grain agglomeration level.

3.2. Change in the Features of Coordination between China’s Grain Production and Economic
Development between 2000–2017
3.2.1. Conversion Features of Different Coordination Types between Grain Production and
Economic Development in China between 2000–2017

The transformation of China’s grain production and economic development pattern
was mainly manifested in terms of the transition away from a much higher grain agglomer-
ation level relative to economic agglomeration level between 2000–2017 (Figure 3, Table 2).
More specifically, a total of 598 counties were converted from a type defined by a much
higher grain agglomeration level than the economic agglomeration level into otherwise de-
fined types. As for counties experiencing this kind of type conversion, as shown in Figure 4
and Table 2, a total of 259 counties were converted into the type defined by a slightly higher
grain agglomeration level relative to the economic agglomeration level, which were mainly
distributed in Yunnan, the east of Sichuan and the south of Tibet in the western region and
Hunan and Jiangxi in the central region. A total of 178 counties were converted into the
type in which grain agglomeration was basically consistent with economic development,
which were sporadically distributed within Guizhou, Shaanxi and Gansu in the western
region and Hunan, Hubei and Jiangxi in the central region. A total of 161 counties were
converted into the type defined by a lower grain agglomeration level relative to economic
agglomeration level, which were distributed in Guangxi, the south of Tibet and the central
area of Shaanxi. Therefore, the economic development level was gradually elevated in
the central and western regions as time passed and the economic agglomeration level
gradually surpassed the grain agglomeration level. In addition, the proportion transitions
to a significantly lower grain agglomeration level relative to economic agglomeration level
was equivalent to that for the conversion from a slighter higher grain agglomeration level
relative to economic agglomeration level. The number of counties experiencing the above
two conversion types was 435 and 421, respectively.
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3.2.2. Temporal Change Features for China’s CGE Index between 2000–2017

China’s CGE index tended to be coordinated in terms of its fluctuations, which showed
apparent geographical patterning between 2000–2017 (as shown in Figure 5). From the
perspective of temporal change, the change of the nationwide CGE index was similar to
that for the CGE index for the four major regions. Specifically, the CGE index was at its
lowest during 2005–2006 and then began a wave-like rise after 2006, indicating that the
grain production level improved to some extent. The grain production level fluctuated
significantly between 2009–2011, remained relatively stable after 2012 and declined by a
large amount in 2017. The rise following 2006 may be attributed to China’s adoption of
farmer-benefiting measures carried out between 2004–2007, such as the cancellation of
the agricultural tax, grain subsidies and price protection for grain, all of which effectively
promoted grain production. In 2011, China started to implement a nationwide main
functional area planning effort and clarified development directions for the functional
areas. As a result, the CGE index was relatively steady after 2012. In terms of regional
discrepancy, the northeast region was favored in terms of grain agglomeration. The CGE
index in the northeast region stayed at a high level, experiencing a wave-like rise since
2000 and experiencing a dramatic drop following the achievement of its maximum value
(5.93) in 2016. The decline of the CGE index during 2016–2017 was associated with the
adjustment of temporary corn purchase and storage policies in China [37]. In 2016, the
Chinese government adjusted temporary corn purchase and storage policies in order to
institute marketization-based purchase and subsidy mechanisms in the three provinces in
northeast China and the Inner Mongolia Autonomous Region. The corn price then began
declining rapidly, which led to a widespread corn crop failure accompanied by a sharp
fall in the CGE index. In contrast with the northeast region, the CGE index declined from
1.02 in 2000 to 0.54 in 2017 in the eastern region and the grain–economy coordination was
transformed from a balanced state to one obviously favoring economic agglomeration. The
central and western regions were on the verge of equilibrium between grain production
economic development; however, the CGE indexes decreased from 2.11 and 2.53 in 2000
to 1.45 and 1.14 in 2017, respectively. Grain production was gradually coordinated with
the economic development, which was converted from the type defined by a higher grain
agglomeration level than the economic agglomeration level.
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3.2.3. Spatial Change Features of China’s CGE Index between 2000–2017

The thematic map series method and analytical approach were utilized in dividing the
change intensity of China’s CGE index into 16 levels from a maximum decrease amplitude
to a maximum increase amplitude, where Level 1 represented the maximum decrease
amplitude and Level 16 stood for the maximum increase amplitude. It is evident from the
hierarchical thematic map series of change intensity (Figure 6) that the changes in China’s
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CGE index largely follow a west-to-east and south-to-north spatial distribution pattern in
an ascending order. Decrease in amplitude was at its maximum in the southwest region,
where Level 1 was most widely distributed. Levels 4–7 were mainly distributed in the
central and eastern regions, Levels 10–13 gradually shifted towards northern China and
Level 16 was concentrated in the northeastern region.
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The gravity centers of the 16 levels were connected by straight lines to form a gravity
center curve (Figure 7) representing the changes in CGE index. As shown in Figure 7,
the areas with high reduction levels in the gravity center curve of changes in China’s
CGE index were mainly located in the central and western regions and the decrease in
amplitude was greater towards the southwest. The areas with greatly increased levels
were concentrated in northern China and the increase in amplitude seemed larger towards
the northeast.

Agriculture 2021, 11, x FOR PEER REVIEW 12 of 18 
 

 

concentrated in northern China and the increase in amplitude seemed larger towards the 
northeast. 

 
Figure 7. Gravity center shift of changes in China’s CGE index between 2000–2017. 

According to the proximity of gravity centers at adjacent levels on the gravity centers 
curve, the thematic map series of CGE index were merged slightly and the number of 
change levels was reduced from the original 16 to 7 in order to form a new change level 
diagram of the CGE index (Figure 8). Based on the division of 7 change levels, the change 
types of China’s CGE index could be divided into high reduction areas, moderate reduc-
tion areas, low reduction areas, stable areas, low increase areas, moderate increase areas 
and high increase areas. 

Figure 8 shows that many counties experienced a reduction in their CGE index and 
these were widely distributed, covering most areas in the eastern, central and western 
regions. The 258 counties with the greatest reduction in their CGE index were concen-
trated in Guizhou, Guangxi, Tibet and Sichuan in the southwestern region and counties 
sporadically distributed around the northwestern borderland in Xinjiang. This rapid eco-
nomic development was the primary cause for the reduction in the CGE index in these 
areas. Meanwhile, their grain yields were reduced due to structural adjustment within the 
agriculture industry [38,39]. Counties with moderate reduction in their CGE index were 
distributed at the perimeter of the areas with the greatest reduction, mainly in the central 
and western regions. Counties with a low reduction in their CGE index were widely dis-
tributed in the eastern, central and western regions. Since 2000, numerous Chinese coun-
ties have seen increased development and many economic agglomeration levels have im-
proved thanks to the economic development [40]. The 143 counties with a basically un-
changed CGE index were sporadically distributed around Hebei, Henan, Inner Mongolia, 
Liaoning, etc. It was mainly in the northwestern region that the CGE index values in-
creased and this phenomenon was most prominent in the northeast region, where the 
number of counties showing an increasing trend in their CGE index accounted for 72% of 
total number of counties nationwide. In the northeastern region, where rural development 
is centered especially on agriculture, originally cultivated land resources are a key out-
standing resource, with this being one of the regions with the greatest quantity of surplus 
grain in China [41]. Therefore, the grain agglomeration level in these counties far exceeded 
the economic agglomeration level in this region. 

Figure 7. Gravity center shift of changes in China’s CGE index between 2000–2017.



Agriculture 2021, 11, 975 12 of 17

According to the proximity of gravity centers at adjacent levels on the gravity centers
curve, the thematic map series of CGE index were merged slightly and the number of
change levels was reduced from the original 16 to 7 in order to form a new change level
diagram of the CGE index (Figure 8). Based on the division of 7 change levels, the change
types of China’s CGE index could be divided into high reduction areas, moderate reduction
areas, low reduction areas, stable areas, low increase areas, moderate increase areas and
high increase areas.
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Figure 8 shows that many counties experienced a reduction in their CGE index and
these were widely distributed, covering most areas in the eastern, central and western
regions. The 258 counties with the greatest reduction in their CGE index were concen-
trated in Guizhou, Guangxi, Tibet and Sichuan in the southwestern region and counties
sporadically distributed around the northwestern borderland in Xinjiang. This rapid eco-
nomic development was the primary cause for the reduction in the CGE index in these
areas. Meanwhile, their grain yields were reduced due to structural adjustment within
the agriculture industry [38,39]. Counties with moderate reduction in their CGE index
were distributed at the perimeter of the areas with the greatest reduction, mainly in the
central and western regions. Counties with a low reduction in their CGE index were
widely distributed in the eastern, central and western regions. Since 2000, numerous
Chinese counties have seen increased development and many economic agglomeration
levels have improved thanks to the economic development [40]. The 143 counties with
a basically unchanged CGE index were sporadically distributed around Hebei, Henan,
Inner Mongolia, Liaoning, etc. It was mainly in the northwestern region that the CGE
index values increased and this phenomenon was most prominent in the northeast region,
where the number of counties showing an increasing trend in their CGE index accounted
for 72% of total number of counties nationwide. In the northeastern region, where rural
development is centered especially on agriculture, originally cultivated land resources are
a key outstanding resource, with this being one of the regions with the greatest quantity of
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surplus grain in China [41]. Therefore, the grain agglomeration level in these counties far
exceeded the economic agglomeration level in this region.

4. Discussion
4.1. Pattern and Causes of China’s Grain Production and Economic Development and Its Change
over Time

This study has shown that China’s grain production has a weak coordination with
the economic development during the period between 2000–2017. This spatial pattern is
related to China’s overall grain production and economic development pattern. From the
perspective of industrial agglomeration, agro-industrial agglomeration is initially highly
dependent on natural resources. From the perspective of the geographic concentration
of economic development (Figure 9), economic agglomeration was concentrated in the
eastern regions, especially in the Yangtze River Delta, Pearl River Delta and Beijing–Tianjin–
Hebei Region. These areas have attracted a large amount of labor, capital and a rapid
transfer of land resources to industry and tertiary industries. Due to the cumulative
circular effect and industrial linkage effect, economic center was formed in these regions.
Meanwhile, the northeastern, central and western regions have become relatively marginal
areas. The secondary and tertiary industries in these areas are underdeveloped and the
arable land resources are less occupied by industrial land, which provides the necessary
land resources for agricultural development. Especially, the middle and lower reaches
of the Yangtze River Plain and the North China Plain in the central and northeastern
regions with favorable natural conditions have become a natural center of grain production
in China for a long time. Therefore, these areas with high grain yield have formed the
concentrated areas of grain production (Figure 10). In particular, the number of high grain
geographical concentration in the northeast region has increased from 65 in 2000 to 89
in 2017. Furthermore, studies have pointed out that the increase in grain production in
Northeast China is closely related to climate warming in the region [42].
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This study also revealed that the central and western regions tend toward a grain–
economy equilibrium, which may be attributed to policies adopted in China intended to
narrow the gaps between levels in the eastern and western regions. The development of
the central and western regions integrates certain advantages thanks to the Great Western
Development, the revitalization of the Old Northeast Industrial Base and the Rise of
Central China, all of which were carried out successively during 2000–2004. Therefore, the
geographical concentration of the economy in the central region was increased (Figure 9)
and grain production and economic development tended to be coordinated.

4.2. Policy Enlightenment

Since the nationwide functional area planning effort began in China in 2011, different
regions have clarified their respective development directions. In this study, the regions that
featured a significantly lower grain agglomeration level than the economic agglomeration
level were mostly prioritized development zones in China’s strategic plans, such as the
Beijing–Tianjin–Hebei Region and Shandong Peninsula in the eastern China. As highlighted
by the Chinese government, these regions were bound to lead national socioeconomic
development and to become economic regions participating in the international division
of labor with global influence at high levels in China [43]. Grain production in these
regions has given way to economic development. However, grain consumption increased
rapidly in these regions due to economic agglomeration. Nevertheless, grain production
has been low in these regions and it has been necessary to import grain, which takes
time. Therefore, importance should be attached to the grain circulation problem in these
regions. More specifically, the key nodes in the grain transportation network should be
further identified, railway and waterway construction should be accelerated, grain logistics
and warehousing infrastructure should be optimized, the reform modes of grain logistics
should be strengthened and emergency grain logistics mechanisms should be perfected in
order to jointly safeguard smooth grain circulation.

We found in this study that areas with a higher grain agglomeration level than the
economic agglomeration level were concentrated in major grain-producing areas, such as
the northeastern and central regions. The government emphasized that these areas should
put their efforts into protecting cultivated land, stabilizing grain production and ensuring
national grain and food security [43]. In this way, they forwent other opportunities with
greater economic benefits for the sake of grain production. Therefore, in these regions,
efforts must be made to increase farmers’ income on the precondition of improved grain
security, rather than simply increasing yield without elevating farming income, or even
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increasing yields at the expense of income. Compared with industry and service industries,
the benefits of agriculture are very distinct from one another. For example, the “Food
Security Act” and the “Food, Agriculture, Conservation and Trade Act” in the United
States have undergone adjustments in terms of price support from agricultural production
and income subsidies, which are maintained through continuous adjustments and new
policies [44]. The UK’s initial agricultural laws implemented price subsidies. Later, with
the surplus of agricultural production and damage to the environment, the scope and
scale of agricultural subsidies began to be reduced. With accession to the EU Common
Agricultural Policy, agricultural subsidies were changed for the purposes of environmental
protection, food safety and labor conditions [45]. These experiences are highly relevant
for China, which should develop an accurate benefit compensation system for its main
grain-producing areas [28]. This is especially true under the current system of farmer
stratification, which it should refine. China must prioritize the layout of agricultural
products for intensive processing projects in these areas, support leading grain processing
enterprises by taking the opportunity for the supply-side reform of agricultural products.
This should include brand promotion and the transformation of the relative advantages in
terms of grain production into economic advantages. Meanwhile, China should implement
strict cultivated land protection policies, restrain non-agricultural uses of cultivated land
and prevent non-grain-producing uses of cultivated land.

In key areas experiencing rapid changes in grain production and economic develop-
ment, such as Guizhou, Guangxi, Tibet and Sichuan in the southwestern region, economic
and agricultural development levels are relatively lower than those in the central region,
which results from their economic development foundation, agricultural production condi-
tions and their deteriorating agro-ecological environment. The EU conducts its agricultural
development with a high level of ecological protection. Its agriculture and countryside
are not only places for agricultural production, but also meet the multiple needs of society
in terms of agriculture, rural livability and other aspects of land multi-functionality. The
agricultural development level and economic level of its member countries are, thus, very
high. Therefore, when China develops grain production in ecologically fragile areas. These
areas should pay close attention to the ecological protection, the adjustment of agricul-
tural structure, the promotion of rural revitalization and the promotion of coordinated
development in terms of agro-ecological, social and economic systems.

4.3. Limitation and Future Work

Our research has contributed to the advancement of research on the relationship
between agriculture and the economy. The novelty of this article is as follows: First, it
analyzes the relationship between China’s grain production and economic development
at the county scale and it addresses the disagreement in the conclusions of the previous
studies. Second, when talking about industrial agglomeration in the past, most studies have
focused on the agglomeration of industrial activities, there are fewer studies comparing
the regional patterns of agricultural agglomeration at the regional scale. This article uses
geographic concentration to construct a grain economy consistency index (CEG) and it
discusses the relationship between China’s grain and economic development.

However, this study is lacking in some areas. Due to the data limitations, only two
indexes—grain yield and GDP—were used to measure the county-scale grain production
and economic development levels in this study. Meanwhile, it lacks a more in-depth
analysis on the factors influencing grain production and economic development. Further
research is needed to reveal the factors that affect grain agglomeration and especially
the influence of the natural environment, transportation conditions, levels of investment
and labor force. At the same time, further discussions of the interaction between grain
production and economic development will continue. Such research may provide points of
reference from case studies in the European Union, APEC and many other countries.
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5. Conclusions

This study analyzed the spatial relationship between grain production and economic
development in these Chinese counties between 2000–2017. We found that:

Grain production was weakly coordinated with the economic development in China
and this coordination was higher in 2017 compared with that in 2000. The conversion
type of China’s grain production and economic development was mainly from types
characterized by very high levels of grain agglomeration than the economic agglomeration
level, which are mainly located in the central and western regions. The northeastern region
has a strong trend toward grain agglomeration, while the central and western regions tend
toward a grain-economy equilibrium and the eastern region apparently favors economic
agglomeration. The increase of China’s CGE gradually increased from the southwest to
northeast. Therefore, different regions have different grain production strategies. For
regions in the east where the level of grain concentration is much lower than the level
of economic concentration, the focus should be on grain circulation. The main grain-
producing areas in the central region should develop an accurate benefit compensation
system, support leading grain processing enterprises and implement strict cultivated land
protection policies in order to ensure national food security.
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