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Abstract 
With the great attention of the central government and local governments at all levels, 
China's grain output achieved "eighteen consecutive harvests" in 2021. Based on the 
existing research, this paper selects 9 variables from 1991 to 2020 to conduct principal 
component analysis on the influencing factors of China's grain production. According to 
the general standard that the cumulative variance contribution rate reaches more than 
85%, two principal components are extracted from SPSS: the first principal component 
is the influence factor of technology and power, the second principal component is the 
factor of natural conditions and human input, and the cumulative contribution rate 
reaches 94.776%. The score of national grain production capacity calculated by 
principal component shows that China's grain production capacity has decreased in 
recent three years. Finally, this paper puts forward some countermeasures and 
suggestions to promote the stable growth of China's grain output. 
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1. Introduction 

According to the bulletin issued by the National Bureau of statistics, China's total grain output 
in 2021 was 68.285 million tons [1], realizing the "18 consecutive harvests" of grain output. 
However, under the current complex international environment, serious impact of the 
epidemic, reduction of high-quality cultivated land resources and labor resources, and 
increased environmental pressure, China's food security situation is still severe, and it is more 
and more difficult to stabilize and increase production. How can we better ensure China's food 
security on the basis of existing production? We must find the main factors from the current 
factors affecting China's grain output, and then overcome the difficulties according to the main 
factors, so as to escort China's grain security. 
Scholars have different selection and classification methods for the research on the influencing 
factors of grain yield. Li Linfeng et al. (2012) believed that the main factors affecting China's 
grain production are grain sowing area and unit yield level [2]. Xiao Haifeng et al. (2004) 
divided the factors affecting grain output into four categories: input of production factors, 
agricultural technological progress, policy system and natural disasters [3]. Li Jing (2014) 
selected 10 indicators in six aspects: land investment, labor investment, capital investment, 
technology investment, planting structure and meteorological disasters [4]. Due to the large 
number of influencing factors of grain production, it is difficult to meet the assumptions of 
multiple linear regression model, and few scholars choose to establish linear regression model 
in practical research. In order not to omit important influencing factors and compare the role 
of many factors at the same time, Guo Shumin et al. (2007) conducted grey correlation analysis 
on the factors affecting grain yield and ranked the grey correlation coefficient, and selected the 
factors with the highest coefficient ranking, mainly including cultivated land resources, water 
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resources, scientific and technological progress and grain production mode, Take it as the 
leading factor for analysis [5]. Wang Guomin et al. (2016) used factor analysis to empirically 
analyze the influencing factors of China's comprehensive grain production capacity from 1994 
to 2013. It was found that the contribution rate of modernization factors was 74.82% and that 
of traditional production methods was 10.96% [6]. Grey correlation analysis and factor analysis 
do not directly give the quantitative relationship between grain yield and the selected 
influencing factors. Cobb Douglas production function is a more appropriate choice if we want 
to establish an econometric model. Huang Zhen (2014) analyzed the influencing factors of 
China's grain production based on the modified Cobb Douglas production function and ridge 
regression. The measurement results show that the increase of mechanical input and the 
improvement of irrigation conditions are the important reasons for the increase of grain output, 
and labor input and chemical fertilizer input are not the driving factors for the increase of grain 
output [7]. The Cobb Douglas production function established by Jiang Songying et al. (2016) 
comprehensively considers non means of production factors such as grain price, grain financial 
support and disaster resistance in addition to various means of production [8]. In addition to 
the comprehensive analysis of multiple influencing factors of grain yield, some scholars also 
selected individual influencing factors for targeted analysis. Shi Changliang et al. (2016) 
calculated the degree of excessive application of chemical fertilizer in the production of three 
main grain crops in China. The results show that the application of chemical fertilizer in China's 
grain production from 2004 to 2013 has exceeded its optimal application in economic sense [9]. 
Zhang Junwei et al. (2018) calculated the fertilizer application intensity of 31 provinces in China 
in 2004, 2010 and 2016. The results show that the fertilizer application intensity has significant 
regional differences and spatial dependence [10]. Xiong Wei et al. (2010) connected the 
regional climate model with the crop model. The results show that climate change will affect 
the unit yield of wheat, corn and rice in the future [11]. 
Other scholars focus on the situation of main grain producing areas and whether there is 
correlation between grain production among provinces. Liu Haoran et al. (2019) found that 
irrigation conditions still restrict grain production in Heilongjiang through principal 
component analysis [12]. Yang Zonghui et al. (2018) used the global Moran's I index to test the 
spatial correlation of grain output in various provinces and revealed the imbalance of grain 
output pattern in China [13]. 
By summarizing the existing research results, this paper extracts 9 factors affecting grain yield, 
uses the principal component analysis method to extract 2 principal components from the 9 
factors, and calculates the principal component score and comprehensive score, so as to 
provide a factual basis for analyzing China's grain production capacity. 

2. Index Selection and Descriptive Statistical Analysis 

2.1. Selection of Indicators 
The final grain output is related to the input of various factors in grain production. From the 
quantitative level, the final grain yield is multiplied by the yield per unit area and the total grain 
sowing area. Therefore, the grain yield per unit area and the total grain sowing area do have a 
certain impact on the final yield. Modern agricultural science and technology is committed to 
improving the yield per unit area of food crops, so that we can harvest as much as possible in 
the limited planting area. In the case of shortage of cultivated land resources, it is very difficult 
to improve the yield by continuously expanding the planting area. As we all know, the 
cultivation of grain is also inseparable from the use of manpower, pesticides, chemical 
fertilizers, water resources and appropriate climatic conditions. Modern mechanization is also 
widely used in agricultural production. 
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Combined with the existing research literature on production factors, the research time of this 
paper is 30 years from 1991 to 2020. The grain yield per unit area, sown area of grain crops, 
number of rural employed persons, effective irrigation area, net amount of agricultural 
chemical fertilizer application, pesticide use, total power of agricultural machinery, the use of 
agricultural plastic film and the affected area were studied as explanatory variables of China's 
grain output. 

2.2. Descriptive Statistics 
With the help of SPSS, the data of China's grain output and nine selected indicators from 1991 
to 2020 are described and statistically analyzed. The results are shown in Table 1. 
 

Table 1. Descriptive statistical analysis 

Variables Mini
mum 

Maxim
um 

Averag
e 

Standard 
deviation 

Variance Skew
ness 

Kurt
osis 

Grain output 
4306
9.53 

66949.
15 

53671.
22 

8432.28  
7110339

9.82 
0.463 -1.37 

Grain yield per unit area 
3875.

69 
5733.5 

4809.3
0 

581.46  
338103.4

4 
0.224 -1.32 

Sown area of grain crops 
9941
0.37 

11923
0.06 

11121
1.23  

5259.24  
2765961

0.72  
-0.422 -0.51 

Number of rural employed persons 2879
3 

49039 43122.
63  

6498.8  4223560
5.34 

-0.9 -0.45 

Effective irrigation area 
4782
2.07 

69160.
52 

57522.
50  

6901.65 
4763282

5.99 
0.333 -1.20 

Net amount of agricultural chemical 
fertilizer application 

2805.
1 

6022.6 
4741.2

2 
992.52 

985100.7
37 

-0.39 -0.99 

Pesticide use 76.5 180.7 140.96 31.564 996.340 -0.458 -0.66 
Total power of agricultural 

machinery 
2938.

9 
11172.

8 
7116.7

9  
2801.19  

7846708.
50 

-0.077 -1.53 

Use of agricultural plastic film 64.2 260.4 175.85  64.73 4190.51 -0.233 -1.32 

Affected area 
1848

0 
55470 

39874.
00  

12707.37  
1614773

76.55  
-0.453 -1.29 

 
By matching the minimum and maximum values of variables with the year of occurrence, it can 
be found that the starting point of our selected time interval, 1991, is the year in which the 
minimum values appear more, but the minimum values of grain output and sown area appear 
in 2003, and the number of rural employment decreases to the lowest in 2020. The maximum 
value is relatively concentrated around 2015. The Skewness Statistics of a total of 10 variables 
show that the selected 30-year data are not normally distributed. The kurtosis values of all 
variables are less than 0, indicating that the overall data distribution is flat compared with the 
normal distribution. 

3. Factor Analysis and Principal Component Analysis 

When making a preliminary linear regression of the selected 9 explanatory variables and the 
explained variables, that is, grain yield, it is found that although the decisive coefficient of the 
linear model is very close to 1, more than half of the explanatory variables fail the significance 
test t-test, the value of t-statistic is small, and the adjoint probability is large. By looking at the 
correlation coefficient between explanatory variables X1-X9, it is found that the absolute value 
of some coefficients reaches more than 0.9, indicating that the linear correlation between 
explanatory variables is serious and is not suitable for direct linear regression, so the principal 
component regression method is adopted. 
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In SPSS, KMO and Bartlett Sphericity test are performed on the correlation coefficient matrix, 
and the results are shown in Table 2. KMO is 0.868, greater than 0.6, and the adjoint probability 
p value of Bartlett Sphericity test is 0.0000, less than the selected significance level of 0.05. Both 
results show that the selected data are suitable for factor analysis. 
 

Table 2. KMO and Bartlett test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.868 

Bartlett’ Test of Sphericity 
Approx. Chi-square 680.991 
Degree of Freedom 36 
Significance 0.000 

 
Table 3 lists the extracted values of communalities. It can be seen that all the extracted values 
are greater than 0.5 and above the level of 0.85, indicating that the extracted principal 
components have a high degree of interpretation of the original variables. 
 

Table 3. Communalities 
Variables Initial Extraction 

Grain yield per unit area 1.000 0.986 
Sown area of grain crops 1.000 0.857 
Number of rural employed persons 1.000 0.927 
Effective irrigation area 1.000 0.970 
Net amount of agricultural chemical fertilizer application 1.000 0.987 
Pesticide use 1.000 0.920 
Total power of agricultural machinery 1.000 0.985 
Use of agricultural plastic film 1.000 0.995 
Affected area 1.000 0.904 

 
The total variance explained table is shown in Table 4. It can be seen that the principal 
component with eigenvalue of 7.538 greater than 1 and the principal component with 
eigenvalue of 0.992 close to 1 are extracted. The variance contribution rates of the two principal 
components are 83.754% and 11.022% respectively, and the cumulative variance contribution 
rate reaches 94.776% and greater than 85%, indicating that the extracted two principal 
components can contain most of the information of the original data of 9 variables collected 
previously. 
 

Table 4. Total varianceexplained 
Compone

nt 
Initial eigenvalue Extractionsums of squaredloadings 

Total Variance 
proportion 

Cumulativeprop
ortion 

Total Variance 
proportion 

Cumulativepropor
tion 

1 7.538 83.754 83.754 7.538 83.754 83.754 
2 0.992 11.022 94.776 0.992 11.022 94.776 
3 0.332 3.683 98.459    
4 0.093 1.035 99.494    
5 0.020 0.217 99.711    
6 0.012 0.138 99.849    
7 0.009 0.103 99.952    
8 0.003 0.036 99.988    
9 0.001 0.012 100.000    
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Table 5. Component matrix 

Variables 
Component 

1 2 

Grain yield per unit area 0.990 -0.079 

Sown area of grain crops 0.598 -0.706 

Number of rural employed persons -.922 0.276 

Effective irrigation area 0.983 -0.061 

Net amount of agricultural chemical fertilizer application 0.953 0.280 

Pesticide use 0.833 0.475 

Total power of agricultural machinery 0.981 0.152 

Use of agricultural plastic film 0.978 0.198 

Affected area -0.929 0.203 

 
The componentmatrix is shown in Table 5. Comparing the value of factor load, we can find that 
the first principal component has a large load in four aspects: grain yield per unit area, effective 
irrigation area, total power of agricultural machinery and the use of agricultural plastic film. 
This principal component is named technology and power influence factor. The second 
principal component has a large load in five aspects: the sown area of grain crops, the number 
of rural employed persons, the net amount of agricultural chemical fertilizerapplication, the 
pesticide usage and the affected area. The second principal component is named natural 
conditions and human input factor. According to the factor load matrix in Table 5, the following 
model can be obtained: 
X1=0.99F1-0.079F2. 
X2=0.598F1-0.706F2. 
X3=-0.922F1+0.276F2. 
X4=0.983F1-0.061F2. 
X5=0.953F1+0.28F2. 
X6=0.833F1+0.475F2. 
X7=0.981F1+0.152F2. 
X8=0.978F1+0.198F2. 
X9=-0.929F1+0.202F2. 
Standardize the original data of X1-X9 in SPSS to obtain the corresponding Z1-Z9. 
According to factor load matrix A and eigenvalue λ,the principal component load matrix U can 
be calculated, and the formula is as follows: 
 

𝑈 =
𝐴

𝜆
 

 
The calculated principal component load matrix is shown in Table 6. 
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Table 6. Principal component load matrix 
A1 A2 U1 U2 
0.99 -0.079 0.3606 -0.0793 
0.598 -0.706 0.2178 -0.7088 
-0.922 0.276 -0.3358 0.2771 
0.983 -0.061 0.358 -0.0612 
0.953 0.28 0.3471 0.2811 
0.833 0.475 0.3034 0.4769 
0.981 0.152 0.3573 0.1526 
0.978 0.198 0.3562 0.1988 
-0.929 0.203 -0.3384 0.2038 

 
According to the principal component load matrix, the principal component expression can be 
obtained by one-to-one correspondence between the coefficient and the variable as follows: 
F1=0.3606Z1+0.2178Z2-0.3358Z3+0.358Z4+0.3471Z5+0.3034Z6+0.3573Z7+0.3562Z8-
0.3384Z9. 
F2=-0.0793Z1-0.7088Z2+0.2771Z3-0.0612Z4+0.2811Z5+0.4769Z6+0.1526Z7+0.1988Z8+ 
0.2038Z9. 
Bring the values of Z1-Z9 into the above formula to calculate the values of principal components 
F1 and F2. The respective weights w1 and w2 are calculated according to the cumulative 
variance contribution rate and respective contribution rate of the principal components F1 and 
F2. 
 

𝑤 =
𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑜𝑓 𝐹

𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
,

                 𝑤 =
𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑜𝑓 𝐹

𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
 

 
By 𝐹 = 𝑤 × 𝐹 + 𝑤 × 𝐹  calculate the comprehensive evaluation score of principal 
components, as shown in Table 7. 
 

Table 7. Score and rank of national grain production capacity from 1991 to 2020 
Year Score-F1 Score-F2 Score-F Rank Year Score-F1 Score-F2 Score-F Rank 
2015 3.80  -0.36 3.32 1 2005 -0.63  1.17 -0.42 16 

2017 3.81  -0.82 3.27 2 2004 -0.99  1.34 -0.72 17 
2016 3.66  -0.61 3.16 3 2002 -1.70  0.99 -1.38 18 
2018 3.58  -1.02 3.05 4 2003 -2.01  1.78 -1.57 19 
2014 3.43  -0.04 3.02 5 1999 -1.77  -0.35 -1.61 20 
2019 3.54  -1.23 2.98 6 2001 -2.01  0.71 -1.69 21 
2020 3.55  -1.53 2.96 7 1998 -1.97  -0.61 -1.81 22 
2013 2.96  0.23 2.64 8 2000 -2.14  0.37 -1.85 23 
2012 2.81  0.34 2.53 9 1997 -2.36  -0.53 -2.15 24 
2011 2.20  0.59 2.02 10 1996 -2.39  -0.76 -2.2 25 

2010 1.57  0.77 1.47 11 1995 -2.91  -0.61 -2.65 26 
2009 0.84  1.02 0.86 12 1994 -3.55  -0.64 -3.21 27 
2008 0.68  1.15 0.73 13 1993 -3.60  -1.2 -3.32 28 

2007 -0.11  1.43 0.07 14 1992 -3.84  -1.28 -3.54 29 
2006 -0.29  1.26 -0.11 15 1991 -4.15  -1.57 -3.85 30 
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It can be seen from Table 7 that although China's total grain output has achieved "18 
consecutive harvests" and the grain production capacity is on the rise as a whole, the grain 
production capacity is not always increasing gradually with the year. The grain production 
capacity increased year by year from 1991 to 1997 and from 2004 to 2013. The evaluation 
scores of grain production capacity in the past seven years are very unstable, and the three 
years with the highest scores are 2015, 2017 and 2016 respectively. 2020, the year with the 
highest grain output, ranks the last in seven years, and the score from 2018 to 2020 is in a 
downward trend. In the 30 years from 1991 to 2020, the score of grain production capacity was 
negative in 16 years and positive in 14 years. After the score became positive in 2007, it has 
remained at a level greater than 0. The score of national grain production capacity in 1991-
2020 is shown in Figure 1. Through the graph, we can intuitively feel that from 2003 to 2004 
and from 2009 to 2012, the grain production capacity increased rapidly, while the broken line 
trend has decreased in the last three years. 
 

 
Figure 1. National grain production capacity score from 1991 to 2020 

 
The data of grain yield Y are also standardized in SPSS, and the new standardized variable is 
recorded as ZY. The new explained variable ZY is regressed with respect to the two principal 
components F1 and F2, and the results are as follows: 
 

ZY=-8.8967+0.348184F1-0.276340F2 
 
According to the coefficients of the equation, the first principal component and ZY change in the 
same direction, and the second principal component and ZY change in the opposite direction. 
On the surface, the result of the change in the opposite direction seems to violate the economic 
law. The use of chemical fertilizers and pesticides should increase grain production. However, 
the amount of using chemical fertilizers and pesticides in farmland in China is 1.9 times and 2.5 
times that in developed countries respectively (FAO 2016). Excessive application of chemical 
fertilizers or pesticides leads to soil acidification, excessive heavy metals and hardening, which 
leads to the decline of cultivated land quality and even desertification. These factors will pose 
a threat to the quality of cultivated land in China [14]. In addition, in the second principal 
component, the affected area factor load also has a certain component, and the affected area 
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changes in the opposite direction of grain production. Based on the above, the coefficient sign 
of the second principal component is negative, which can be explained by economic principles. 
Finally, the values of F1 and F2 are brought into the model to calculate the estimated ZY value, 
which is recorded as EY. Compare the fitting value EY with the actual value ZY, as shown in 
Figure 2. As can be seen from Figure 2, the trend of the fitted discount is roughly the same as 
the actual discount, indicating that the fitting effect is relatively good. This model can be used 
to predict the increase and decrease trend of China's grain output in the future. 
 

 
Figure 2. Comparison between Fitting value and Actual value 

4. Conclusions and Suggestions 

4.1. Conclusions 
Based on the existing research, this paper selects nine variables: grain yield per unit area, sown 
area of grain crops, number of rural employed persons, effective irrigation area, net amount of 
agricultural chemical fertilizerapplication, pesticide use, total power of agricultural machinery, 
the use of agricultural plastic film and affected area in China from 1991 to 2020, and uses the 
principal component method to analyze the main factors affecting China's grain yield, The 
conclusions are as follows: 
(1) There are two main factors affecting China's grain yield. The first principal component is 
the influence factor of technology and power, and the second principal component is the factor 
of natural conditions and human input. Their cumulative variance contribution rate reaches 
94.776%. 
(2) Although the total grain output keeps rising, the results show that China's grain production 
capacity has shown a downward trend in recent three years. Therefore, in the econometric 
analysis, we should not only focus on the final result - the total grain output. The input of various 
factors in the process of grain production should also be fully considered. If it is not in a 
reasonable input range, the input and output may be counterproductive. 

4.2. Suggestions 
After calculating the comprehensive score of principal components, it is found that China's 
grain production capacity has shown a downward trend in recent three years. This result 
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should be paid attention to. Food security is important. This paper puts forward the following 
three suggestions. 
(1) Continue to expand the influence of factors in the first principal component. According to 
the model ZY = -8.8967 + 0.348184F1-0.276340F2, the variance contribution rate of the 
extracted first component technology and power influence factor is very high, and plays a 
positive role in enhancing grain production capacity. Therefore, in actual production, we can 
continue to increase investment in this aspect, that is, to increase grain yield per unit area, 
expand effective irrigation area, increase the total power of agricultural machinery and 
popularize agricultural plastic films. To achieve these four goals, we must rely on technological 
progress, so we should improve the contribution rate of technological progress in the increase 
of grain output. 
(2) The factors in the secondprincipal component should be used with caution. The second 
principal component has had a negative impact on grain production, so the use of factors in the 
second principal component needs to be very careful. Of course, it does not mean that the 
factors with negative effects should be reduced. For example, the sown area of grain should not 
be reduced, but the red line of 1.8 billion mu of cultivated land should be firmly maintained. The 
number of rural employed persons has been gradually decreasing in recent years. From the 
perspective of employment structure, this is in line with the trend of social development. What 
we need to do now is to improve labor productivity under the limited number of labor force 
and train personnel engaged in agricultural production in scientific planting. The use of 
chemical fertilizers and pesticides does need to be reduced, and it is impossible not to use them 
at all in agricultural production. Therefore, changing from traditional chemical fertilizers and 
pesticides to green chemical fertilizers and green pesticides is a way to have the best of both 
worlds. 
(3) Scientific disaster prevention and reduction. Although the affected area is in the second 
principal component, it is a natural factor and can’t be controlled by human beings, so it is listed 
separately. Improving grain production capacity requires a process, which cannot achieve 
immediate results. We should establish the concept of "disaster prevention is to increase 
production, and loss reduction is to increase grain" [15]. 
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