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ABSTRACT 15 

The rapid economic development and climate change have accelerated the changes in China's 16 

food production and have a potential impact on food security. In this paper, the grain sown area 17 

from 2001 to 2019 was selected to analyze the spatio-temporal evolution and driving factors of 18 

China's grain production through spatial autocorrelation analysis and geographically weighted 19 

regression. Our findings were as follows: (1) From the perspective of time characteristics, 20 

China's grain production from 2001 to 2019 experienced four stages: rapid decline, rapid 21 

growth, steady growth, and slow decline, although with an overall upward trend. (2) From the 22 

perspective of spatial characteristics, the overall spatial pattern had a significant positive 23 

correlation. The high values were mainly concentrated in Shandong, Anhui and Jilin, and moved 24 

to the northeast China as time went on. (3) In terms of influencing factors, the positive impact 25 

of agricultural labor force on the grain production gradually decreased, showing a decreasing 26 

trend from southwest to northeast. The promotion of agricultural mechanization on the grain 27 

production increased year by year, with the spatial distribution characteristics of high in the 28 

northeast and low in the southwest. Besides, the coefficient of water resources endowment was 29 

negative, showing a spatial distribution pattern of high north and low south. 30 

Keywords: Grain production; Spatial heterogeneity; Geographically weighted regression; 31 

Influencing factor; Food security 32 
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1. Introduction 34 

Food security is the cornerstone of social development in China (Qi and Dang 2018). With 35 

7% of the world's arable land, China has fed 1/5 of the world's population and achieved 36 

remarkable results in grain production. However, in the process of urbanization, the relationship 37 

between humans and land became increasingly tense (Long and Qu 2018), the contradiction 38 

between agricultural development and ecological environment was prominent (Chen et al. 39 

2017). What's more, the obstruction of factor flow between urban and rural areas and the 40 

transformation of farmers' livelihoods (Liu and Liu 2016; Qin 2010) also posed a significant 41 

threat to the grain production, seriously affecting national food security (Chen 2007). Therefore, 42 

studying the spatio-temporal evolution and influencing factors of China's grain production is of 43 

great importance to ensure food security. 44 

Grain production has always been a hot topic for scholars. Studies showed that since the 45 

reform and opening up in 1978, China’s total grain output had doubled, becoming the world’s 46 

largest food producer (Jiao et al. 2018; Jiao et al. 2016). The total grain output increased by 65% 47 

in the past 30 years (Niu et al. 2021), completely eliminating the social problem of hunger 48 

(Huang and Yang 2017). However, the increase of food yield was at the expense of the 49 

environment (Zhang et al. 2013). It was estimated that more than half of the arable land 50 

experienced varying degrees of degradation (Li et al. 2011). The excessive use of pesticides and 51 

chemical fertilizers also led to serious non-point source pollution and soil acidification, which 52 

brings new challenges to food production (Guo et al. 2010; Wang et al. 2019a). Meanwhile, the 53 

spatial pattern of food production changed due to different policies and economic development 54 

models (Xu et al. 2013). The northward shift of the production center intensified the spatial 55 

mismatch among food production, arable land resources and hydrothermal conditions (Li et al. 56 

2017). Zhang et al. (2021) found that China's grain production efficiency generally showed a 57 

downward trend from 2001 to 2017. Therefore, China urgently needs to transform its production 58 



model to protect natural resources and achieve sustainable development of food production (Liu 59 

and Chen 2007; Lu et al. 2015). 60 

The grain production was affected by many factors. Some scholars explored the impact of 61 

subsidy policies on grain production, and the results showed that subsidy increased farmers' 62 

motivation to grow grain (Goodwin and Mishra 2005; Huang et al. 2013; Yi and McCarl 2018), 63 

expanding grain cultivation area (Huang and Ding 2016; Yi et al. 2015). In contrast, the transfer 64 

of agricultural labor force had a negative impact on food production. The shift of male young-65 

adult workforce to urban areas made agricultural labor force aging and feminization (Zhao 66 

1999), and the decline of human capital adversely affected food production (Rozelle et al. 1999). 67 

However, agricultural mechanization can make up for the loss of grain production caused by 68 

labor shortage (Ji et al. 2017b). The reason was that use of agricultural machinery achieved 69 

large-scale operations in food production and improved food productivity (Yin and Wang 2017). 70 

Climate change was also an important factor affecting food production. Holst et al. (2013) 71 

believed that the increase of 1°C in annual average temperature reduced China's grain output 72 

by 1.45%, and that every 100 mm increase in total annual precipitation increased grain output 73 

by 1.31%. In addition, the abnormal climate also led to the frequent occurrence of natural 74 

disasters such as drought, flood and hail (Du et al. 2015). 75 

In summary, the existing studies mostly selected grain output to measure grain production. 76 

In fact, grain sown area is an important basis for grain production (Wang and Xiao 2013). Few 77 

scholars explored the spatio-temporal evolution characteristics of grain production from this 78 

perspective. In addition, the research on the influencing factors of grain production was mostly 79 

carried out by global model, which lacks spatial consideration and fails to reveal the spatial 80 

heterogeneity and dynamic evolutionary process of influencing factors. It was not conducive 81 

to formulating agricultural policies according to local conditions, coordinating national grain 82 

production and improving grain production capacity. Based on this, we selected the data of 83 



grain sown area in China from 2001-2019 to investigate the spatio-temporal evolution of grain 84 

production through spatial autocorrelation analysis. Geographically weighted regression was 85 

used to study the influencing factors to provide references and suggestions for stabilizing grain 86 

production and ensuring food security. 87 

2. Materials and methods 88 

2.1. Study area 89 

China's terrain is high in the west and low in the east, with a three-step distribution. The 90 

unique geographical and climatic environment can meet the growth needs of different food 91 

crops such as wheat, corn and rice. China is the largest grain producer with 13 major grain 92 

producing areas. In 2019, China's grain sown area was 116.064×106 hectares and grain 93 

production reached 663.840×106 tons. In this paper, 31 provincial-level administrative regions 94 

were selected as the research unit, excluding Hong Kong, Macao and Taiwan. 95 

2.2. Data sources and variable selection 96 

Based on the existing research and data availability, this paper finally selected three variables, 97 

namely agricultural labor force, agricultural mechanization level and water resource 98 

endowment, to explore their impact on food production from three aspects: socio-economic 99 

development, agricultural technology progress, and natural resources. It should be noted that 100 

with the adjustment of China's industrial structure, the rapid development of secondary and 101 

tertiary industries increased off-farm employment with high income, resulting in a large-scale 102 

outflow of agricultural labor force (Liu et al. 2019; Qiu et al. 2020). Therefore, the agricultural 103 

labor force can be regarded as a socio-economic factor. All data of these variables were 104 

collected at the provincial and national levels from 2001 to 2019. 105 

2.2.1. Grain production 106 

As the foundation of food production, land is the core resource to ensure food security (Ge 107 

et al. 2018a; Wang et al. 2019b). According to Liu et al. (2018), this paper selected the grain 108 



sown area to measure grain production. The data from 2001 to 2019 were collected from the 109 

provincial annual data of the National Bureau of statistics1. 110 

2.2.2. Agricultural labor force 111 

Agricultural labor force is an indispensable factor in grain production (Long et al. 2016). 112 

Theoretically, the abundant agricultural labor force can meet the demand for large-scale 113 

production, thereby increasing food production capacity. Referring to the research of Huang 114 

and Li (2019), the employed persons in the primary industry were selected as the alternative 115 

index of agricultural labor force, and the data from 2001 to 2019 were obtained from the 116 

provincial annual data of the National Bureau of Statistics. 117 

2.2.3. Agricultural mechanization level 118 

Promoting agricultural mechanization is an important way to improve food production 119 

capacity (Li and Zhang 2021). According to Qiao (2017), the total power of agricultural 120 

machinery was selected to measure the mechanization level. The greater the value, the higher 121 

the mechanization level. Generally, food production has scale effect in areas with high level of 122 

agricultural mechanization. The data of total power of agricultural machinery from 2001 to 123 

2019 were derived from the provincial annual data of the National Bureau of Statistics. 124 

2.2.4. Water resource endowment 125 

Food production consumes a large amount of water (Sun et al. 2019). According to Zhang et 126 

al. (2019), this paper used the gross amount of water resources to measure water resource 127 

endowment. The data from 2004 to 2019 were collected from the provincial annual data of the 128 

National Bureau of Statistics, and the data from 2001 to 2003 were obtained from the Provincial 129 

Statistical Yearbook (2002-2004). The missing data were supplemented by linear interpolation. 130 

The descriptive statistics of each variable were shown in Table 1. 131 

Table 1 Variable selection and descriptive statistics 132 
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Variables Unit Mean S.D.a Maximum  Minimum  Numberb 

Grain 

production 

103 

hectares 

3575.062 2927.811 14338.100 46.520 589 

Agricultural 

labor force 

104 people 955.185 720.099 3482.500 37.090 589 

Agricultural 

mechanization 

level 

104 

kilowatt 

2785.462 2703.580 13353.020 93.970 589 

Water resource 

endowment  

108 cubic 

metre  

885.755 946.380 4757.100 3.670 589 

a represents standard deviation 133 

b represents number of samples 134 

There were order-of-magnitude differences among the variables, which might bias the 135 

estimation results. Therefore, logarithms were taken for each variable before conducting the 136 

empirical analysis. 137 

2.3. Methodology 138 

2.3.1. Spatial autocorrelation analysis 139 

This paper used spatial autocorrelation analysis to reveal the spatial dependence of grain 140 

production in each research unit, including global spatial autocorrelation and local spatial 141 

autocorrelation. 142 

(1) Global spatial autocorrelation 143 

Global spatial autocorrelation can measure the degree of agglomeration of grain production 144 

on the whole spatial scale, and determine whether regions with similar spatial location have 145 

similar attribute values. The global Moran's index (Moran 1950) is usually used as a measure, 146 

and the formula was as follows: 147 



 
i 1 j 1

n n
2

1 j 1

( )( )
n n

ij i j

ij

i

w x x x x

I

S w

 

 

 




 （1） 148 

where 2 2

1

1
( )

n

n

i

i

S x x


   is the sample variance;
1

1 n

i

i

x x
n 

   is the sample mean; xi and 149 

xj represent the grain sown area of province i and province j, respectively; wij is the spatial 150 

weight matrix using Rook neighbor relationship. If province i and province j have a common 151 

edge, then wij is 1, otherwise wij is 0; I is the global Moran index with the value range of [-1,1]. 152 

I>0 means positive spatial autocorrelation, I<0 means negative spatial autocorrelation, and I=0 153 

means no spatial autocorrelation. 154 

(2) Local spatial autocorrelation 155 

As the complement to global spatial correlation, local spatial autocorrelation can reflect 156 

the local spatial clustering of grain production, reveal the spatial dependence between a 157 

geographic thing and its neighborhood. The local Moran's index (Anselin 1995) was as follows:  158 
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where Ii is the local Moran index, Ii>0 means that the gap in grain sown area between 160 

province i and neighboring provinces is small, i.e., high values are adjacent to high values and 161 

low values are adjacent to low values, and Ii<0 means that the gap in grain sown area between 162 

province i and neighboring provinces is large, i.e., high values are adjacent to low values; the 163 

remaining parameters are the same as in Eq.(1). The global and local Moran indices were 164 

calculated by GeoDa software (Anselin et al. 2014). 165 

2.3.2. Geographically weighted regression 166 

According to the first law of geography, the less the distance, the closer the relationship 167 

(Tobler 1970). The relationship between variables will vary with the change of geographic 168 

location, showing spatial non-stationarity. Based on this, this paper used the GWR model 169 



(Brunsdon et al. 1996; Fotheringham et al. 1998; Fotheringham et al. 2003) to measure the 170 

spatial heterogeneity. And the parameters were estimated by moving window regression to 171 

capture the spatial effects. The model was as follows: 172 
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where (μi,νi) is the coordinate of sample point i; xik is the kth explanatory variable of sample 174 

point i; βk is the regression coefficient of the kth explanatory variable; εi is the stochastic error 175 

term; and n is the number of sample points in the current local window. 176 

βk(μi,νi) can be estimated by Eq.(4). 177 
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where W(μi,νi) is the spatial weight matrix calculated by the fixed bi-square kernel function 179 

and Euclidean distance, and the optimal bandwidth was selected according to the AICc criterion 180 

(Hurvich et al. 1998; Burnham et al. 2004). The GWR 4.0 software was used to implement the 181 

GWR model. 182 

3. Results 183 

3.1. Spatio-temporal evolution of grain production 184 

3.1.1. Interannual variation of grain production 185 

As shown in Fig. 1, China' 's grain sown area showed an overall upward trend, from 186 

106.080×106 ha in 2001 to 116.064×106 ha in 2019, with a total increase of 9.981×106 ha and 187 

an average annual growth rate of 0.501%. It can be divided into four stages: the first stage was 188 

the rapid decline period from 2001 to 2003, with an average annual growth rate of -3.195%, 189 

and the grain sown area reached its lowest point of 99.410×106 ha in 2003. The second stage 190 

was the rapid growth period from 2004 to 2009, with an average annual growth rate of 1.647%. 191 

After 2005, the growth rate increased year by year. The third stage was the stable rising period 192 

from 2010 to 2015, with an average annual growth rate of 1.269%, At this stage, the grain sown 193 



area showed a linear growth trend, and the growth rate remained basically unchanged. The 194 

fourth stage was the slow declining period from 2016 to 2019, with an average annual decrease 195 

of 0.089%, and the grain sown area reached the peak of 119.230×106 ha in 2016. Since then, it 196 

once again entered the decline state. However, both the total amount and the rate of reduction 197 

were significantly lower than that in the first stage. 198 

 199 

Fig. 1 Temporal trends of grain sown area in China 200 

3.1.2. Spatial variation of grain production 201 

Based on 31 provincial-level administrative regions, four time points of 2001, 2007, 2013 202 

and 2019 were selected to analyze the spatial distribution of grain production in China, and the 203 

analysis results were shown in Fig. 2. 204 



 205 

Fig. 2 Spatial distribution of grain production in China from 2001 to 2019 206 

The results showed that there were obvious spatial differences in China's grain sown area. 207 

Firstly, the grain sown area in the central-eastern region was significantly higher than that in 208 

the western region on a national scale, showing a spatial distribution characteristic of decreasing 209 

from east to west. In addition, the number of provinces with large grain sown area in the central 210 

and eastern regions increased throughout the whole study period. Similarly, the grain sown area 211 

in the north was significantly more than that in the south, and the number of provinces with 212 

large grain planting area in the north also increased over time, indicating that China's grain 213 

production regions have a spatial trend of moving northward and eastward. Secondly, based on 214 

the inter-provincial level, Heilongjiang, Shandong and Henan were the three provinces with the 215 

largest grain sown area, followed by Hebei, Anhui, Sichuan and other provinces who were 216 

major grain producing areas. Beijing, Shanghai, Tibet, Ningxia, Qinghai and other provinces 217 

were the provinces with the least grain sown area. In terms of changing trends, the grain sown 218 

area of Inner Mongolia, Jiangsu and Jilin showed an upward trend, while that in five provinces, 219 



namely Zhejiang, Fujian, Guangdong, Guangxi and Hainan showed a downward trend. By 220 

contrast, the grain sown area of Guizhou showed certain fluctuation. 221 

3.1.3. Spatial clustering of grain production 222 

The global Moran indices of grain production in China from 2001 to 2019 were shown in 223 

Table 2. As can be seen, the global Moran indices of the four time points were 0.205, 0.224, 224 

0.243 and 0.270, respectively, and all of them were significant at the 5% level. That showed 225 

that there was a significant spatial positive autocorrelation of grain production, i.e., provinces 226 

with similar sown areas were spatially adjacent. In addition, the global Moran index showed an 227 

increasing trend, indicating that the spatial clustering effect of grain production was gradually 228 

increasing. 229 

Table 2 Global Moran’s index statistics 230 

Year Global Moran’s I Z-score P-value 

2001 0.205 2.039 0.041 

2007 0.224 2.251 0.024 

2013 0.243 2.447 0.014 

2019 0.270 2.703 0.007 

Based on the global spatial autocorrelation analysis, The software of Geoda was used to 231 

measure the local Moran index to investigate the local spatial agglomeration effect of grain 232 

production, and ArcGIS 10.5 was used to visualize it (Fig. 3). 233 



 234 

Fig. 3 Spatial clustering effect of grain production in China from 2001 to 2019 235 

The results showed that: firstly, the location of the high-high clusters in 2001 consist of four 236 

provinces - Shandong, Henan, Anhui and Hubei - and the low-high clusters were Shanxi, while 237 

Xinjiang was the low-low cluster; secondly, in 2007, the high-high clusters were Shandong, 238 

Jilin, Henan and Anhui provinces. Compared with 2001, their locations moved northward, 239 

while the low-high and low-low clusters did not change, and they were still Shanxi and Xinjiang; 240 

thirdly, the LISA cluster maps in 2013 and 2019 were the same, indicating that the local spatial 241 

distribution of grain production in China from 2013 to 2019 was basically stable without 242 

significant changes. Compared with the two time points of 2001 and 2007, the main differences 243 

were reflected in the fact that the high-high clusters were mainly composed of Shandong, Jilin 244 

and Anhui provinces, and the number decreased while the location shifted eastward and 245 

northward. 246 

3.2. Analysis of factors influencing the grain production 247 

3.2.1. Model testing 248 



The GWR model was evaluated to test the reliability before empirical analysis. According to 249 

analysis results, the R2 and Adj-R2 of the GWR model were higher than those of the OLS model 250 

in four time points, and the values of AIC, AICC, and RSS were smaller than those of the OLS 251 

model, indicating that the GWR model had better evaluation effects and could accurately reflect 252 

the influence of different factors on grain production2. Therefore, it was reasonable to select the 253 

GWR model for empirical analysis. It should be noted that the arithmetic mean of the 254 

bandwidths of the four time points was selected as the uniform optimal bandwidth, 2769.262km. 255 

3.2.2. Impact of agricultural labor force on grain production 256 

Table 3 reflected the coefficient of agricultural labor force. As can be seen, the sign of the 257 

regression coefficient was positive, and agricultural labor force was beneficial to increase grain 258 

area sown. The regression coefficient showed a slight upward trend between 2001 and 2007. 259 

The minimum, lower quartile, median, mean, and upper quartile of the coefficients gradually 260 

decreased from 2007 to 2019, and the positive effect of agricultural labor force on grain 261 

production kept weakening. 262 

Table 3 Coefficient distribution of agricultural labor force 263 

Year Minimum 

Lower 

quartile 

Median Mean 

Upper 

quartile 

Maximum 

2001 0.253 0.615 0.780 0.749 0.903 0.961 

2007 -0.010 0.682 0.860 0.774 0.906 0.992 

2013 -0.035 0.217 0.532 0.500 0.748 1.048 

2019 -0.121 0.064 0.316 0.287 0.484 0.775 

According to the spatial distribution of the estimated results (Fig. 4), the four time points 264 

showed obvious spatial differentiation characteristics. Specifically, the high values in 2001 265 
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 R2 and Adj-R2 are the goodness of fit and adjusted goodness of fit, respectively, and the larger the value means the better 
the fitting effect of the model; AIC and AICC are the Akaike Information Criterion and the corrected Akaike Information 
Criterion, respectively; and smaller values are better; RSS indicates the residual sum of squares, and smaller values indicate 
more accurate estimation results. 



were mainly concentrated in Guangdong, Guangxi, Yunnan and other places, and the low value 266 

areas were Inner Mongolia, three provinces in Northeast China, indicating that overall spatial 267 

distribution was high in the southwest and low in the northeast; In 2007, the overall spatial 268 

pattern changed did not change significantly, the high value areas showed a slight increase, and 269 

the three provinces in northeast China were low value areas; In 2013 and 2019, the spatial 270 

pattern of high in the southwest and low in the northeast tended to be stable. The high value 271 

areas are Tibet, Yunnan, Sichuan and other provinces, and three provinces of Heilongjiang, Jilin 272 

and Liaoning had the smallest values. The coefficient gradually increased from northeast to 273 

southwest, showing a multilevel step distribution.  274 

 275 

Fig. 4 Spatial distribution of estimated parameters of agricultural labor force 276 

3.2.3. Impact of agricultural mechanization on grain production 277 

Table 4 showed the coefficients of mechanization level in four time points. As can be seen 278 

from the table, the regression coefficients were all greater than 0, and the minimum, lower 279 

quartile, median, mean and upper quartile gradually increased. The promotion of mechanization 280 



level on the grain production showed an upward trend. 281 

Table 4 Coefficient distribution of mechanization level 282 

Year Minimum 

Lower 

quartile 

Median Mean 

Upper 

quartile 

Maximum 

2001 0.078 0.140 0.213 0.236 0.321 0.623 

2007 0.196 0.249 0.276 0.333 0.380 0.895 

2013 0.203 0.409 0.561 0.564 0.751 0.834 

2019 0.497 0.752 0.854 0.878 1.041 1.153 

The spatial differences in coefficients of mechanization level were obvious (Fig. 5). In 2001, 283 

the high value areas were Xinjiang and Jilin, and the low value areas were mainly concentrated 284 

in Guangdong, Guangxi and Sichuan. The spatial distribution pattern of high in the northeast 285 

and low in the southwest began to appear. From 2007 to 2013, the high value areas further 286 

increased, mainly in the three provinces in Northeast China and Xinjiang, while the low value 287 

areas were still Guangxi, Yunnan and other places. The overall distribution characteristics of 288 

high in northeast and low in southwest tended to be stable. The spatial distribution pattern in 289 

2019 was obvious. Inner Mongolia, three provinces in Northeast China and Hebei were high 290 

value areas, while Yunnan, Sichuan and Tibet were low value areas. The coefficient decreased 291 

from northeast to southwest, showing a multilevel step distribution. 292 



 293 

Fig. 5 Spatial distribution of estimated parameters of agricultural mechanization 294 

3.2.4. Impact of water resource endowment on grain production 295 

Based on the regression coefficients of water resource endowment (Table 5), it can be seen 296 

that the sign of the coefficient was basically negative, indicating that water resource endowment 297 

was not conducive to increasing grain sowing area. The minimum, lower quartile, median, mean 298 

and upper quartile of regression coefficients showed a downward trend from 2001 to 2007. 299 

While, the median, mean and upper quartile increased first and then decreased, and the 300 

maximum continued to decline during the period 2007-2019.  301 

Table 5 Coefficient distribution of water resource endowment 302 

Year Minimum 

Lower 

quartile 

Median Mean 

Upper 

quartile 

Maximum 

2001 -0.102 -0.081 -0.048 0.005 0.052 0.455 

2007 -0.210 -0.163 -0.134 -0.090 -0.067 0.518 

2013 -0.246 -0.125 -0.060 -0.021 0.073 0.394 



2019 -0.157 -0.121 -0.079 -0.057 -0.012 0.180 

The spatial distribution of coefficients of water resource endowment was shown in Fig. 6. It 303 

can be seen that the spatial pattern was high in the north and low in the south during the study 304 

period. Specifically, in 2001, the high value areas were mainly Inner Mongolia, Heilongjiang, 305 

Jilin and Liaoning provinces, and the low value areas were mainly Yunnan, Tibet and Guangxi 306 

provinces. The coefficient decreased from northeast to southwest. In 2007, provinces such as 307 

Yunnan, Guangxi and Guangdong were low value areas, and high value areas were 308 

Heilongjiang and Jilin, indicating that the spatial pattern of high in the north and low in the 309 

south tended to be stable. From 2013 to 2019, the spatial differences became more and more 310 

obvious. The three provinces in northeast China and Inner Mongolia were always high value 311 

areas and decreased southward, while Tibet, Yunnan and Guangdong were always low value 312 

areas. 313 

 314 

Fig. 6 Spatial distribution of estimated parameters of water resource endowment 315 

4. Discussion 316 



The grain production in China was affected by factors such as agricultural labor force, 317 

agricultural mechanization level and water resource endowment, showing different 318 

characteristics in different regions. Specifically, the increase of agricultural labor force was 319 

beneficial to the expansion of grain sown area. However, the positive contribution of 320 

agricultural labor force to grain production became smaller and smaller, which is consistent 321 

with Ge et al. (2018b). The reason was that young farmers moved to the secondary and tertiary 322 

industries to seek higher income (Benjamin 1992; De Brauw et al. 2002; Wang et al. 2007), 323 

leading to insufficient labor supply and rising labor cost (Zhang et al. 2011). Finally, the decline 324 

of human capital of surplus labor had a negative impact on food production. Meanwhile, the 325 

use of agricultural machinery made up for the loss of food production caused by labor shortages 326 

(Ji et al. 2017a). Compared with other regions, agricultural machinery in major grain producing 327 

areas can replace manpower to achieve large-scale operation due to the flat and contiguous land, 328 

reducing costs and improving food production efficiency. Therefore, the major grain producing 329 

areas became areas with high values of mechanization coefficients and low values of labor force 330 

coefficients. The average of coefficients of water resource endowment changed from positive 331 

to negative, indicating that the impact of water resources on grain production changed from 332 

promotion to inhibition during the study period. The coefficients in the south were negative 333 

while those in the north were positive, showing that there was an obvious spatial mismatch 334 

between grain production and water resource endowment. The reason was that the northern 335 

regions paid more attention to food production. Although water resources were relatively 336 

insufficient, it can still meet the water demand for crop growth by overexploiting groundwater 337 

(Kuang et al. 2015), thereby increasing the grain sown areas. Comparatively speaking, the rapid 338 

growth of industry and service sector in the southern regions occupied a large amount of 339 

agricultural water, resulting in the unmet water demand for grain production. So, agricultural 340 

production made concessions for economic development (Li and Li 2014). 341 



Based on this, this paper proposed the following policy recommendations: 342 

Firstly, with the advancement of urbanization and industrialization, it became a common 343 

phenomenon that the prime-working-age labor force in rural areas continued to migrate to cities 344 

(Cai 2018). The aging and feminization of the rural labor force directly reduced the human 345 

capital and had a negative impact on food production. However, the realization of agricultural 346 

modernization can not lack farmers. Therefore, relevant departments should establish and 347 

improve the training system of professional farmers and enhance the overall quality of labor 348 

force. Furthermore, preferential policies should be formulated to encourage working-age labor 349 

force to engage in agricultural production. 350 

Secondly, agricultural mechanization played a significant role in improving food production 351 

capacity. However, farmers can not afford the agricultural machinery, they mainly purchased 352 

agricultural mechanization services to meet the machinery demand for food production (Yang 353 

et al. 2013; Zhang et al. 2017). Therefore, the government should pay attention to the important 354 

role of agricultural mechanization in food production. Especially for the major grain producing 355 

areas, relevant departments should strengthen the subsidy and support for agricultural 356 

machinery, promote the renewal and popularization of agricultural machinery so as to reduce 357 

labor intensity and planting cost, improve production efficiency and ensure national food 358 

security.  359 

Thirdly, facing the realistic dilemma of more land and less water, China is no longer suitable 360 

for traditional irrigation methods (Peng 2011). In order to meet the water demand for grain 361 

production, the Chinese government and farmers must place a high value on the protection and 362 

conservation of water resources and resolutely resist water pollution. Especially for the major 363 

grain producing areas in the north with relatively insufficient water resources, new irrigation 364 

technologies should be adopted to reasonably allocate water resources according to the growth 365 

characteristics of different crops, and improve the use efficiency of agricultural water. The 366 



southern regions should improve the technology of sewage purification, return the water used 367 

by the secondary and tertiary industries to agriculture, and increase grain production capacity. 368 

5. Conclusion 369 

This paper analyzed the spatio-temporal evolution characteristics of grain production in 370 

China from 2001-2019 through global and local Moran indices, and further explored the 371 

influencing factors by using geographically weighted regression. The main conclusions were 372 

as follows: 373 

(1) The average annual growth rate of grain sown area in China was 0.501%. It reached a 374 

peak of 119.230×106 ha in 2016, and its development process can be divided into four stages, 375 

namely rapid decline (2001-2003), rapid growth (2004-2009), steady rise (2010-2015), and 376 

slow decline (2016-2019).  377 

(2) Grain production in China showed significant positive spatial autocorrelation in general, 378 

and the degree of correlation gradually strengthened; local areas also showed positive spatial 379 

autocorrelation. The local spatial agglomeration effect decreased from 2001 to 2007. After 2013, 380 

the local spatial distribution of grain production was basically stable. 381 

(3) China's grain production was affected by many factors. Specifically, the positive 382 

influence of agricultural labor force on grain production was decreasing year by year; the 383 

coefficient of water resource endowment was basically negative with obvious differences 384 

among provinces, showing the spatial distribution pattern of high in the north and low in the 385 

south; the positive impact of agricultural mechanization level on grain production gradually 386 

increased, and the overall spatial distribution pattern was high in the northeast and low in the 387 

southwest. 388 

Of course, this paper also had some shortcomings. We only analyzed the nationwide grain 389 

production and did not subdivide it into different grain crops to explore spatio-temporal 390 

variations and influencing factors respectively, nor did we consider the relationship between 391 



grain crops, because the sown area of one grain crop may increase with another. We will explore 392 

the above issues in future research. 393 
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