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Abstract 
China is a large agricultural country. According to China's basic national conditions, this 
paper selects the relevant data from 1978 to 2019, analyzes and tests the influencing 
factors of China's grain output, compares the influence degree and size of each factor, 
and further verifies the internal quantitative relationship between each influencing 
factor and China's grain output by using cointegration analysis in Econometrics and 
establishing multiple regression model, Finally, establish an appropriate regression 
model, make statistical and economic analysis, and put forward suggestions according 
to the results. 
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1. Raising Questions 

1.1. Background of the Topic 
Agriculture is the foundation of the national economy, and food production is the top priority 
of agriculture. The stability of agriculture plays an extremely important role in stabilizing 
society and economy. The food problem is closely related to the national economy and the 
people's livelihood. It affects the economic development, the improvement of people's living 
standards and social stability. There are many factors affecting grain yield. In addition to the 
investment of the most common agricultural production factors and the improvement of 
agricultural science and technology, it is also affected by national policies, natural environment 
and many other factors. Grain yield is the result of the joint action of many factors[1]. 

1.2. Purpose of Topic Selection 
China's per capita grain output is low, and grain output is very important to ensure national 
food security. Therefore, stabilizing grain output plays an important role in promoting the 
construction of a new socialist countryside and building a socialist harmonious society. 
Through the analysis of China's grain output in recent 42 years, calculate the elasticity of 
various influencing factors on grain output, study the influence and function of these factors on 
grain output, and finally put forward countermeasures and suggestions to improve China's 
grain output on this basis. 

1.3. Research Direction of Analysis 
The grain yield is affected by many factors. This paper selects five indicators as the factors 
affecting grain production, such as the sowing area of grain crops, the net amount of agricultural 
chemical fertilizer, the total power of agricultural machinery, the effective irrigation area and 
the affected area. 
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2. Analysis of Relevant Influencing Factors based on Theory 

2.1. Sowing Area of Grain Crops 
The sown area of grain crops is the area actually sown or transplanted with crops. The area 
where crops are actually planted, whether planted on cultivated land or non cultivated land, is 
included in the planting area of crops. After the sowing season is basically over, the area of crops 
replanted and replanted due to disasters is also included. At present, the sown area of crops 
mainly includes nine categories: grain, cotton, oil, sugar, hemp, tobacco, vegetables and melons, 
medicinal materials and other crops. There is an inevitable relationship between grain yield 
and sowing area [2]. 

2.2. Total Power of Agricultural Machinery 
The total power of agricultural machinery refers to the total power of various power machinery 
mainly used in agriculture, forestry, animal husbandry and fishery. Including farming 
machinery, irrigation and drainage machinery, harvesting machinery, agricultural 
transportation machinery, plant protection machinery, animal husbandry machinery, forestry 
machinery, fishery machinery and other agricultural machinery, which are calculated by 
converting power into watts. The total power of agricultural machinery is related to the 
efficiency of grain production and indirectly affects the total grain output of our country.  

2.3. Effective Irrigation Area 
The effective irrigation area refers to the area of farmland with relatively flat land, certain water 
sources and irrigation facilities, which can be irrigated normally in a general year. It is the sum 
of irrigated land area in paddy field and dry land that can be irrigated normally. The effective 
irrigation area is an index to measure the degree of water conservancy and the stability of 
agricultural production in agricultural production units and regions. In a certain range, the 
larger the effective irrigation area, the higher the grain yield. 

2.4. Net Amount of Agricultural Chemical Fertilizer Application 
The net application amount of agricultural chemical fertilizer refers to the amount obtained by 
adding the nutrients of each chemical fertilizer based on the mass percentage of np2o5 K2O. 
The higher the content of effective substances in a certain range, the better the growth of crops 
and the higher the grain yield. 

2.5. Affected Area 
Affected area of crops: refers to the sown area of crops that reduces the output of crops by more 
than 10% compared with that of normal years due to drought, flood, wind and hail, frost, 
diseases and insect pests and other natural disasters The affected area shall not be calculated 
repeatedly. If several or more disasters are suffered successively on the same land, the affected 
area shall be calculated according to the largest and heaviest one. Usually, the affected area is 
inversely proportional to food production [3]. 

3. Data Collection 

This paper selects 42 groups of data from 1978 to 2019. From the number of data, it fully meets 
the setting needs of multiple regression model. The data after 1978 were selected mainly 
because before 1978, due to the exaggerated image of agricultural data during the people's 
commune movement and the analysis of the impact model of abnormal social phenomena such 
as the stagnation of agricultural production during the cultural revolution, the data were 
selected after China's reform and opening up in 1978. 
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Table 1. China's grain output and its related factors from 1978 to 2019 
particular 
year 

Grain 
output 
(10000 
tons) 

Sown area of 
grain crops 
(1000 
hectares) 

Total power of 
agricultural 
machinery 
(10000 kW) 

Effective 
irrigation 
area (1000 
HA) 

Net amount of 
agricultural 
chemical 
fertilizer 
application 
(10000 tons) 

Affected 
area (1000 
hectares) 

 Y X1 X2 X3 X4 X5 

1978 30476.5 120587.2 11749.9 44965 884 50807 

1979 33211.5 119262.7 13379.19 45003.13 1086.3 39367.33 

1980 32055.5 117234.27 14745.75 44888.07 1269.4 50025.33 

1981 32502 114957.67 15679.76 44573.8 1334.9 39786 

1982 35450 113462.4 16614.21 44176.87 1513.4 33133.33 

1983 38727.5 114047.2 18022.1 44644.07 1659.8 34713.33 

1984 40730.5 112883.93 19497.22 44453 1739.8 31887.33 

1985 37910.8 108845.13 20912.5 44035.9 1775.8 44365.33 

1986 39151.2 110932.6 22950 44225.8 1930.6 47135.33 

1987 40473.1 111267.77 24836 44403 1999.3 42086 

1988 39408.1 110122.6 26575 44375.91 2141.5 50874 

1989 40754.9 112204.67 28067 44917.2 2357.1 46990.67 

1990 44624.3 113465.87 28707.7 47403.1 2590.3 38474 

1991 43529.3 112313.6 29388.6 47822.07 2805.1 55472 

1992 44265.8 110559.7 30308.4 48590.1 2930.2 51333 

1993 45648.8 110508.7 31816.6 48727.9 3151.9 48829 

1994 44510.1 109543.7 33802.5 48759.1 3317.9 55046 

1995 46661.8 110060.4 36118.1 49281.2 3593.7 45824 

1996 50453.5 112547.92 38546.9 50381 3827.9 46991 

1997 49417.1 112912.1 42015.6 51239 3980.7 53427 

1998 51229.53 113787.4 45207.7 52295.6 4085.6 50145 

1999 50838.58 113160.98 48996.12 53158 4124.3 49979.5 

2000 46217.52 108462.54 52573.61 53820.33 4146.41 54688 

2001 45263.67 106080.03 55172.1 54249.39 4253.76 52214.6 

2002 45705.75 103890.83 57929.85 54355 4339.39 46946.1 

2003 43069.53 99410.37 60386.54 54014 4411.6 54505.8 

2004 46946.95 101606.03 64027.91 54478 4636.6 37106.26 

2005 48402.19 104278.38 68397.85 55029.34 4766.22 38818.23 

2006 49804.23 104958 72522.12 55750.5 4927.69 41091.41 

2007 50413.85 105998.62 76589.56 56518.34 5107.83 48992.35 

2008 53434.29 107544.51 82190.41 58471.68 5239.02 39990.03 

2009 53940.86 110255.09 87496.1 59261.45 5404.35 47213.69 

2010 55911.31 111695.42 92780.48 60347.7 5561.68 37425.9 

2011 58849.33 112980.35 97734.66 61681.56 5704.24 32470.5 

2012 61222.62 114368.04 102558.96 63036.43 5838.85 24962 

2013 63048.2 115907.54 103906.75 63473.3 5911.86 31349.8 

2014 63964.83 117455.18 108056.58 64539.53 5995.94 24890.7 

2015 66060.27 118962.81 111728.07 65872.64 6022.6 21769.8 

2016 66043.51 119230.06 97245.59 67140.62 5984.41 26220.74 

2017 66160.72 117989.06 98783.35 67815.57 5859.41 18478.1 

2018 65789.22 117038.21 100371.74 68271.64 5653.42 20814.3 

2019 66384.34 116063.6 102707.68 67601 5403.59 19256.9 

Data source: China 2019 statistical yearbook by the National Bureau of statistics of the people's 
Republic of China [4]. 
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4. Model Establishment 

4.1. Setting of Multiple Regression Model 
In order to analyze the impact of grain crop sowing area, total power of agricultural machinery, 
effective irrigation area, net amount of agricultural chemical fertilizer application and affected 
area on grain output, China's total grain output is selected as the explanatory variable, 
represented by Y, and grain crop sowing area, total power of agricultural machinery, effective 
irrigation area, net amount of agricultural chemical fertilizer application and affected area are 
selected as the explanatory variables, represented by X1, X2, X3, X4 and X5 respectively. 
Construct statistical model: y = F (X1, X2, X3, X4, X5). 

4.2. Scatter Plot Analysis 
The scatter diagram of the explained variable (y) and the explained variable (X1, X2, X3, X4, X5) 
is made by Eviews software. The specific results can be obtained from the scat function in 
Eviews: 
It can be seen from the five scatter diagrams that there is no obvious linear relationship 
between the explanatory variable and the explained variable. Therefore, take logarithms on 
both sides of the original equation at the same time to establish a new regression equation: 
 

 

4.3. Model Estimation 
According to the known statistical data, the parameters of the measurement model are 
estimated by the ordinary least square method. The detailed results are as follows: 
 

 
Figure 1. The detailed results are as follows 

 
It can be seen from the above figure that the new multiple regression model is: 
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LNY=-3.3045+1.3904*LNX1+0.0225*LNX2-0.3803*LNX3+0.4212*LNX4-0.1529*LNX5 

R²=0.9865𝑅 = 0.9846 F=524.5264 D.W.=0.9219 n=42 
 
From the above data, we can draw the following conclusion: model = 0.9862, R ̄^ 2 0.9842, F = 
512.8513, F test is very significant. However, the t-test is not particularly significant, indicating 
that there may be multicollinearity, that is, there is a very likely linear relationship between the 
sowing area of grain crops, the total power of agricultural machinery, the effective irrigation 
area, the net amount of agricultural chemical fertilizer application and the affected area, so the 
multicollinearity test is needed. 

5. Model Test and Correction 

5.1. Economic Significance Test 
Due to the functional relationship: 
 

LNY=-3.3045+1.3904*LNX1+0.0225*LNX2-0.3803*LNX3+0.4212*LNX4-0.1529*LNX5 
 
According to the analysis: 
The grain yield (y) is directly proportional to the sowing area of grain crops (x1), the total 
power of agricultural machinery (x2), the effective irrigation area (x3) and the net amount of 
agricultural chemical fertilizer application (x4), and inversely proportional to the affected area 
(x5). However, it can be seen from the functional relationship that the coefficient symbol of the 
explanatory variable of grain yield and effective irrigation area is negative, which proves to be 
a negative correlation, which is inconsistent with the economic significance. Therefore, it is 
considered that the model is wrong and needs to be corrected and adjusted [5]. 

5.2. Statistical Test 
LNY=-3.3045+1.3904*LNX1+0.0225*LNX2-0.3803*LNX3+0.4212*LNX4-0.1529*LNX5 

R²=0.9865𝑅 = 0.9846 F=524.5264 D.W.=0.9219 n=42 
 
(1) Goodness of fit: R²=0.9865, Revised decision factor =0.9846, the data is close to 1, It shows 
that the goodness of fit of the model to the sample data is high and the fitting effect is very good. 
(2) F test: F=524.5264, at significance level α= 0.05, find the critical values of 6-1 = 5 and 42-5-
1 = 36 degrees of freedomF(5,36)=2.447, significantly greater than the critical value. Most of 
the P values were significantly less than α= 0.05, indicating that most explanatory variables 
have a significant impact on China's export volume (y), and the model relationship is significant. 
(3) T test: the T values of total power (x2), effective irrigation area (x3) and affected area (x5) 
of agricultural machinery are less than 2, indicating that the total power (x2), effective 
irrigation area (x3) and affected area (x5) of agricultural machinery have no significant impact 
on China's grain yield (y). Because F test shows significant influence, but some data t test fails, 
it indicates that there may be multicollinearity. 

5.3. Econometric Test 
(1) Multicollinearity test 
Enter the command: CORLNYLNX1LNX2LNX3LNX4LNX5, and the results are shown in the table 
below:  
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Table 2. Correlation 
 LNY LNX1 LNX2 LNX3 LNX4 

LNY 1.000000 0.104163 0.939604 0.929688 0.92877 

LNX1 0.104163 1.000000 -0.133734 0.108637 -0.22907 

LNX2 0.939604 -0.133734 1.000000 0.949779 0.97365 

LNX3 0.929688 0.108637 0.949779 1.000000 0.88596 

LNX4 0.928774 0.229073 0.973658 0.885964 1.000000 

LNX5 -0.615919 -0.492421 -0,496707 -0.651570 -0.36805 

 
If the explanatory variables(X1,X2,X3,X4) are highly correlated with the total grain yield in 
China, and there is also a high correlation between the explanatory variables, it can be 
considered that there is a serious multicollinearity. 
(2) Correction of multicollinearity by stepwise regression 
According to the correlation analysis, there is a close relationship between the total power of 
agricultural machinery and grain output in China, and the correlation coefficient test shows that 
the correlation between them is the strongest. Therefore, based on the total power (X2) of 
agricultural machinery, the stepwise regression method is used to correct the multicollinearity. 
The regression model is established as follows: 
 

𝑙𝑛𝑌 = 𝛼 + 𝛽𝑙𝑛𝑋2 + 𝜀 
 
Based on X4, the variables that do not accord with the economic significance are eliminated and 
the stepwise regression analysis is carried out. The results are as follows: 
 

 
Figure 2. Stepwise regression analysis 
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According to the results of stepwise regression method and corresponding standards, the 
modified equation is: 
 

LNY=-4.2165+1.1719*LNX1-0.0740*LNX2+0.4478*LNX4-0.1404*LNX5 
 
Statistical inference test:  
Determination coefficient: R²=0.9842, 𝑅 = 0.9824, are close to 1, indicating that the fitting 
effect of the model is good. 
F test: F=574.54, at significance level α= 0.05, find the critical value F with degrees of freedom 
of 6-1 = 5 and 42-5-1 = 36(5,36) =2.447, significantly greater than the critical value. Some of its 
P values are also significantly less than α= 0.05, indicating that some explanatory variables have 
a significant impact and the model relationship is significant. 

5.4. Heteroscedasticity Test 
The white test was used to test the heteroscedasticity of the regression model, Click the 
regression result equation window of lny and lnx1, lnx3, lnx4, lnx5 View\ Residual Diagnostics\ 
Heteroskedasticities, select white in the pop-up dialog box and click OK. The inspection results 
are as follows: 
 

 
Figure 3. Inspection results 

 
According to the above analysis, the adjoint probability of nR^2 is 0.0095, which is less than the 
significance level. Therefore, the assumption that the sample variance is the same is rejected. 
Therefore, it is concluded that the model has heteroscedasticity. 

5.5. Autocorrelation Test 
Click in the equation windowView/ResidualTest/Correlogram-Q-statistics, If the lag period is 
20, the correlation coefficient and partial correlation coefficient between the residual error and 
each period will obtain te 1021 ,,  ttt eee  . The results are shown in the figure: 
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Figure 4. Correlation coefficient and partial correlation coefficient results 

 
It can be seen from the above figure that the model has first-order autocorrelation. To sum up, 
the model estimation results analyzed in this paper are:  
 

LNY=-4.2165+1.1719*LNX1-0.0740*LNX2+0.4478*LNX4-0.1404*LNX5 

6. Conclusions and Recommendations 

6.1. Conclusion 
1) The results obtained from the model show that the sowing area of grain crops is the most 
significant factor affecting grain production, and expanding the sowing area is still the most 
effective way to improve grain yield. [6]. 
2) The total power of agricultural machinery needs to be improved. China has more mountains 
and less land, and there is less land suitable for large-area mechanized cultivation. In the 
calculation of the improved model, the product elasticity of the total power of machinery is 
negative. I think the main reason is that the utilization rate of agricultural machinery is low. 
3) The effective irrigation area needs to be improved. 
4) The net amount of agricultural chemical fertilizer application should be gradually reduced. 
According to the model, the yield increasing effect of chemical fertilizer is gradually reduced. 
The application of chemical fertilizer has entered the stage of increasing scale and decreasing 
scale for grain production, but at present, the application of chemical fertilizer can still improve 
the yield. 
5) The affected area has a great impact on China's total grain output.  

6.2. Suggestions and Discussion 
1) Expanding the sown area is still the most effective way to improve grain yield, but it should 
not be over reclaimed, resulting in resource depletion and soil erosion. Strengthening the 
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protection of cultivated land and stabilizing the planting area of grain crops are the premise for 
the stable and sustainable development of grain production. Strictly control non-agricultural 
land and prevent excessive occupation of cultivated land, especially high-quality cultivated land, 
by industrialization and urbanization. In addition, we should also strengthen the in-depth 
development of planting land and improve the use efficiency, so as to improve the grain yield 
[7]. 
2) Make rational use of water resources and seek more efficient irrigation methods. Water 
resources are the lifeblood of agricultural production, second only to the impact of sowing area 
on grain yield. However, China is a country with relatively poor water resources, so it is very 
important to seek efficient irrigation methods and improve effective irrigation rate. 
3) The disastrous weather has a serious impact on grain production. Try to predict accurately 
and remedy in time. 
4) The amount of chemical fertilizer should be gradually reduced, and the promotion effect of 
chemical fertilizer application on grain production should be gradually reduced. Although the 
application of chemical fertilizer still improves the grain yield, the promotion effect is gradually 
decreasing. However, excessive application of chemical fertilizer will lead to the reduction of 
land quality, soil hardening, and even serious salinization, which is easy to lead to the 
deterioration of soil organic structure and seriously affect the sustainable development of 
agriculture in China. 
5) The total power of agricultural machinery for grain production needs to be improved. How 
to improve the utilization rate of agricultural machinery, find the use mode of agricultural 
machinery suitable for the geographical characteristics of more mountains and less land in 
China, and speed up the process of mechanization and science and technology of agricultural 
production is the direction of China's grain production development in the future. 
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