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Abstract

Jilin Province is an important grain producing area in China and a strategic base for safeguarding national food security. It is one of the regions that are most affected by China's policies such as adjusting agricultural production structure, reducing maize planting area and reforming the temporary storage system, and is also a suitable area for conducting research on the impact of agricultural production structure adjustment on farmers' income. In this study, the impact of agricultural production structure adjustment on the per capita net income of farmers was in Jilin Province was quantified by selecting indicators that reflect production structure factors, input factors, input factors, efficiency factors, price factors and policy factors. The results showed that efficiency factors, input factors and policy factors had a significant role in promoting farmers' income, and the regression coefficients of land productivity, per capita planting area and fiscal expenditure on agriculture were 0.950 1, 0.761 4 and 0.073 8, respectively; and the cash crop to grain crop planting area ratio, proportion of animal husbandry output value and agricultural product price index showed negative correlations with farmers' income with correlation coefficients of -0.011 9, -0.011 3 and -0.003 0, respectively. From the perspective of the entire industry chain, exploring the integration of farming and processing and the integration of food production, processing and transformation is the appropriate path to promote farmers' income.
JEL classification numbers：Q10; O13; O18
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1  Introduction

Affected by multiple factors such as resources, markets, technology, industrial policies and national macro orientation, agricultural production structure has no fixed form. It shows dynamic changes and regional differences at different stages of economic development and in different types of regions (Tao, 2004). The adjustment of agricultural production structure and its impact on farmers' income is a hot issue in the study of the adjustment effect of agricultural production structure. Based on different agricultural production conditions and agricultural management systems, scholars at home and abroad have conducted extensive and in-depth research and obtained rich research results. Kurosaki (2003) studied the effects of changes in crop plant structure and spatial structure on agricultural land use efficiency during agricultural transformation in Pakistan. It was found that the shift of crops to high value-added varieties and the concentration of high land productivity areas contribute to improving agricultural efficiency and farmers' income (Kurosaki, 2003). In the analysis on diversification pattern and influencing factors of agricultural production structure in Southeast Asia, Joshi P. K. et al (2004) pointed out that the adjustment of agricultural production structure is an important means to increase farmers' income, increase employment and reduce poverty. Hoppe et al. (2010) found that the income-improving effect of agricultural production structure adjustment on most small-scale operators is not significant in the United States. Kasema S. and Thapab G. B. (2011) analyzed the impact of the Thai government's agricultural planting structure and diversification policies on farmers' income. Although crop cultivation is still dominated by rice, the income of farmers who grow high value-added cash crops such as vegetables and fruits have increased significantly. Birthal P. S. et al. (2015) analyzed the impact of the diversity of planting structures in India on the income of farmers. It was found that the higher the proportion of high value-added crops is, the lower the probability of farmers' falling into poverty is, and this effect is more obvious in small farmers. Zhong et al. (2004), He et al. (2010) and Tang et al. (2007) calculated the correlation between agricultural production structure adjustment and farmers' income growth based on mathematical analysis, and believed that the adjustment of agricultural production structure can directly and effectively increase farmers' income. Liu et al.(2017) believed that adjusting grain crop and cash crop planting structure and expanding cash crop planting scale will help farmers' income growth. Li et al. (2006) believed that the intensity of impact of agricultural production structure adjustment on farmers' income has an important relationship with the income structure of farmers. The study results of Zhao et al. (2013) showed that the adjustment of agricultural production structure has a significant impact on the income of farmers; the increase in the proportion of income from grain crops reduces the chances of families gaining income from other high value-added industries; in contrast, an increase in wage income will play a role in optimizing the allocation of labor resources and improving the overall income level of farmers' families. 

The agricultural production structure is an important link in the agricultural industrial chain that farmers can control and make income optimization adjustments. The grain output of Jilin Province, as the main grain producing province of China, is 36.47 million t, accounting for 30.5% of the total of the three northeastern provinces and nearly 6% of the total of China. It is the main contribution area of China's grain production. The proportion of family operational income in farmers' income in Jilin Province is 69.6%, 30.2 percentage points higher than the national average. It reflects the strong dependence of farmers' income on the agricultural industry in typical agricultural provinces. Taking Jilin Province, China as a case, based on historical statistics, the impact of agricultural production structure adjustment on the growth of farmers' income in Jilin Province from 1991 to 2015 was analyzed quantitatively to explore how the adjustment of agricultural production structure will affect farmers' income (Sun and Jiang, 2016; Shu, Wang and Liu et al., 2016). To study the adjustment range of agricultural production structure and the changes in farmers' operational income before and after adjustment, and explore the direction of the adjustment of agricultural production structure at the current stage, so as to provide theoretical basis and decision-making reference for the new round of agricultural production restructuring and some reference for the adjustment direction of agricultural production structure in Jilin Province with the goal of increasing farmers' income.
2   Methodology

Based on China Statistical Yearbook and Jilin Statistical Yearbook, relevant indicators were collected and collated. Based on the extended Cobb-Douglas production function, an econometric model was established to investigate the impact of agricultural production structure adjustment on farmers' income in Jilin Province from 1991 to 2015. Considering the classical assumptions of the econometric model and the convenience of variable interpretation, in the form of variables, logarithmic forms are used for value variables (including income, average output value and fiscal expenditure on agriculture) and per capita arable land. Based on this, the following model was built:
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The model takes the per capita net income of farmers as the dependent variable, and the explanatory variables include the following five categories.

The first category is two variables that characterize the structure of agricultural production, cash crop to grain crop planting area ratio (jlbz) and proportion of animal husbandry output value (mybz). Jilin Province has a long-standing problem of unreasonable agricultural production structure and high proportion of grain crops. Agricultural restructuring documents issued by the State and the Jilin Provincial Government all take encouraging the optimization of agricultural planting structure and planting and breeding structure as the focus.
The second category is the variable that characterizes agricultural production input, rural per capita sown area (rjgd). Land is the basis for agricultural production and management and the basic guarantee for obtaining agricultural income. Sown area, of crops, as a replacement of cultivated area, can be more realistic and accurate to form an effective correspondence with the output of agricultural products of the year, and it is a land statistic that directly participates in agricultural production in that year.

The third category is the variable that characterizes the efficiency of agricultural production, land use efficiency (tdcc). The impact of agricultural production structure adjustment on farmers' income must be realized by improving land use efficiency and labor production efficiency. This index refers to the average agricultural output value of the land which is based on the crop sown area. By adjusting the types and levels of output on limited land, farmers can increase their income. At the same time, the average agricultural output value of land also reflects the process of value addition of the whole agricultural industrial chain such as production and sales. 

The fourth category is the variable that characterizes the price of agricultural products, agricultural product price index (jgzs). The agricultural product price index is a synthesis of four indexes, planting product price, livestock product price, forest product price and fishery product price. In theory, the four indexes should be used for regression analysis to better reflect the impact of price changes of different products on farmers' income. However, subject to the continuity of statistical data, the State and Jilin Province both published different items of agricultural product price indexes. Therefore, the comprehensive price index of agriculture, forestry, and animal husbandry and fishery products was used in this paper. 

The fifth category is the variable that characterizes policy factors. Fiscal expenditure on agriculture (czzc) that support agricultural development over the years was selected. Factors such as planting structure adjustment policy, agricultural product price policy, and agricultural subsidy policy directly affect the adjustment of agricultural production structure and changes in farmers' income. The use of fiscal expenditure on agriculture avoided the shortcomings of the discontinuity on the time scale caused by the simple use of agricultural subsidies. 

Descriptive statistical characteristics of the variables in the model were shown in Table 1.

Table 1: Descriptive analysis of variables
	Variable type
	Indicator 
	Variable definition

	Dependent variable
	Farmers' per capita net income
	Logarithm of per capita net income of farmers

	Independent variables
	
	

	Production structure factors
	Cash crop to grain crop ratio
	Planting area ratio of cash crops to grain crops

	
	Proportion of animal husbandry output value
	Proportion of output value of animal husbandry in gross agricultural output value

	Input factor
	Per capita cultivated area
	Logarithm of crop sown area

	Efficiency factor
	Land productivity
	Logarithmic of output value of unit sown area

	Price factor
	Agricultural product price index
	Agricultural product price index

	Policy factor
	Fiscal expenditure on agriculture
	Logarithm of fiscal expenditure on agriculture


3  Analysis of main influencing factors

Production structure variables. The ratio of planting area of cash crops to grain crops reflects that the long-term grain-based planting pattern in Jilin Province is deeply rooted and the development trend of non-food crop is not optimistic. The development trend of cash crops in these years is not clear. Under the influence of the shortage economy in which “agriculture is planting and planting is food” and the country's demand for Jilin Province as a major grain-producing province, the development of cash crops in Jilin Province has been at a low level for a long time. The planting area ratio of cash crops to grain crops has generally declined in Jilin Province, with several increases in the period. However, in the research cycle selected in this paper, the proportion of the planting area of cash crops decreased from 14.79% to 11.84%. Therefore, there is still a long way to go to achieve coordinated development of grain crops and cash crops. 
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Figure 1: Change of Ratio of Sowing Area of Economic Crops and Grain Crops in Jilin Province
The change in the proportion of animal husbandry output value to gross agricultural output value reflects the remarkable achievements in the development level of animal husbandry in Jilin Province. From 1991 to 2015, the proportion of the output value of animal husbandry in the total agricultural output value of Jilin Province showed an upward trend overall, from 23.79% to 44.54%, an increase of 20.57 percentage points. The rapid development stage of animal husbandry in Jilin Province was in 1991-2000. At this stage, the proportion of animal husbandry output value increased by 20.13 percentage points. After entering the 21st century, the proportion of animal husbandry output value has undergone several repeated changes, and the highest value once reached 48.98% (2011), accounting for nearly half of the total agricultural output value. 
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Figure 2: Changes in the proportion of animal husbandry output in Jilin Province
Land input. The per capita sown area calculated by the rural population is a reflection of the input of land elements for agricultural production. After 2000, the state issued a series of policies, including the abolition of agricultural taxes, various types of agricultural subsidies, and acquisition of agricultural products at protective price. The direct impact is that farmers' enthusiasm for crop production has been greatly encouraged, the area planted with crops has increased significantly, and rural per capita sown area has been expanded, from 4.08 mu/person in 1991 to 6.2 mu/person in 2015, significantly higher than the national average. These have effectively supported the stable development of agricultural output in Jilin Province.
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Figure 3: Change of per capita sown area of rural population in Jilin Province

Efficiency factor. The agricultural output value of unit sown area reflects the land output efficiency and is one of the key indicators to characterize the land output capacity per unit area. Agricultural output value of unit sown area, as a reflection of production efficiency of unit land, showed a significant increasing trend. From 1991 to 2015, the index increased from 4 633.17 yuan/hm2 to 49 214.33 yuan/hm2, with an overall upward trend and not a significant decline stage, which is also a typical feature of large agricultural provinces and strong agricultural provinces. 
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Figure 4: Changes in agricultural output value of sown area in Jilin Province

Price factor. The agricultural product price index reflects the relative trends and magnitudes of changes in the price level of agricultural products sold by producers of agricultural products in a certain period of time, and it can objectively reflect the price level and structural changes of agricultural products. The interannual volatility of this indicator is more significant. There were usually several high peaks, but the values at the beginning and end of the period were relatively close.
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Figure 5: Changes in the production price index of agricultural products

Policy factor. Fiscal expenditure on agriculture refers to funds that are directly used to support agricultural production or are closely linked to agricultural production in the state's fiscal expenditure. This is the main means for the state to support agriculture, rural areas and farmers. The fiscal expenditure on agriculture in Jilin Province did not changed much before 2003, and since then, the total annual expenditure had increased significantly, with significant annual increases. In 2015, the fiscal expenditure on agriculture already reached 40.861 billion yuan.
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Figure 6: Change of financial expenditure in Jilin Province

4  Results

Since time series data was used in this part, in order to avoid "pseudo regression", the AFD unit root was used to test the stability of the variables. If the data was not smooth, it was processed accordingly to make it a stationary sequence; and if the data was integrated, Johansen test was used to co-integrate the variables to clarify the long-term relationship between the adjustment of agricultural production structure and the income of farmers in Jilin Province. On the premise that there is a long-term equilibrium relationship, the OLS regression model was used to estimate the impact of different variables on farmers' income in Jilin Province. The econometric software used was Eviews 10.

4.1  Unit root test 

In order to determine the stability of each variable, the unit root test was performed on each variable using the ADF test. The results were shown in Table 2.

Table 2: Unit root test

	Variable
	Form of inspection

（C，T，K）
	ADF Statistic
	5% critical value
	Stationarity

	ln(rjsr)
	（1，1，3）
	-2.684771
	-3.644963
	NO

	jlbz
	（1，0，0）
	-2.127151
	-2.991878
	NO

	mybz
	（1，0，0）
	-2.183850
	-2.991878
	NO

	ln(rjgd)
	（1，1，0）
	-2.001739
	-3.612199
	NO

	ln(tdcc)
	（1，0，0）
	-2.088132
	-2.991878
	NO

	jgzs
	（1，0，0）
	-2.688192
	-2.991878
	NO

	ln(czzc)
	（1，1，0）
	-1.829207
	-3.612199
	NO

	Δln(rjsr)
	（1，1，4）
	-5.346477
	-3.673616
	YES

	Δjlbz
	（1，0，0）
	-5.283261
	-2.998064
	YES

	Δmybz
	（1，1，0）
	-6.556435
	-3.622033
	YES

	Δln(rjgd)
	（0，0，0）
	-3.653999
	-1.956406
	YES

	Δln(tdcc)
	（0，0，2）
	-2.910713
	-1.958088
	YES

	Δjgzs
	（0，0，0）
	-4.579993
	-1.956406
	YES

	Δln(czzc)
	（1，0，0）
	-4.864549
	-2.998064
	YES


1 C, T, and K represent constant term, trend term, and lag order, respectively; and Δ represents first-order difference.
As shown in Table 2, the values of the variables ln(rjsr), jlbz, mybz, ln(rjgd), ln(tdcc), jgzs and ln(czzc) all accepted the null hypothesis, indicating that the values of all variables were not stable. Their first-order differences were stable at the level of 5%, that is, all variables were first-order integrated sequences.

4.2  Co-integration test 

The ADF unit root test showed that the original sequences were all first-order integrated sequences, so they can be co-integrated to verify if there is a co-integration relationship between them. In this paper, the Johansen test was used to perform co-integration test (Table 3 and Table 4). 

Table 3: Johansen co-integration test (Trace statistics)

	Hypothesized
	Eigenvalue
	Trace
	0.05
	Prob.**

	No. of CE(s)
	
	Statistic
	Critical Value
	

	None*
	0.994917
	265.8413
	125.6154
	0.0000

	Atmost1*
	0.918142
	144.3609
	95.75366
	0.0000

	Atmost2*
	0.725614
	86.79718
	69.81889
	0.0012

	Atmost3*
	0.639178
	57.05312
	47.85613
	0.0054

	Atmost4*
	0.551506
	33.60759
	29.79707
	0.0174

	Atmost5
	0.401870
	15.16481
	15.49471
	0.0560

	Atmost6
	0.135317
	3.344026
	3.841466
	0.0674


1 Trace test indicates 5 co-integrating eqn(s)at the 0.05 level
2 *denotes rejection of the hypothesis at the 0.05 level

3 **MacKinnon-Haug-Michelis (1999) p-values

Table 4: Johansen co-integration test (Maximum Eigenvalue statistics)

	Hypothesized
	Eigenvalue
	Max-Eigen
	0.05
	Prob.**

	No. of CE(s)
	
	Statistic
	Critical Value
	

	None *
	0.994917
	121.4804
	46.23142
	0.0000

	At most 1 *
	0.918142
	57.56370
	40.07757
	0.0002

	At most 2
	0.725614
	29.74406
	33.87687
	0.1440

	At most 3
	0.639178
	23.44554
	27.58434
	0.1553

	At most 4
	0.551506
	18.44278
	21.13162
	0.1142

	At most 5
	0.401870
	11.82078
	14.26460
	0.1176

	At most 6
	0.135317
	3.344026
	3.841466
	0.0674


1 Max-eigenvalue test indicates 2 cointegrating eqn(s) at the 0.05 level
2 * denotes rejection of the hypothesis at the 0.05 level
3 **MacKinnon-Haug-Michelis (1999) p-values
According to the SC criterion, the optimal lag period of ln(rjsr) and jlbz, mybz, ln(rjgd), ln(tdcc), jgzs, ln(czzc) was determined as 1. The results of related test showed that the fitting degree was good, and the residual sequences were also stationary. As shown in Table 3 and Table 4, at the significance level of 5%, the trace statistic showed that there were five co-integration equations between ln(rjsr) and jlbz, mybz, ln(rjgd), ln(tdcc), jgzs, ln(czzc). The maximum-eigenvalue statistic showed that there were two co-integration equations between the variables, suggesting long-term equilibrium relationships between these variables.  

4.3  Calculation results 

Based on the above-mentioned unit root test and co-integration test, the estimated results of the econometric model of the impact of agricultural production structure adjustment on farmers' income in Jilin Province were obtained using the Eviews 10 software (Table 5).

Table 5: Estimation results of the measurement model

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.

	C
	-1.838728
	0.788962
	-2.330566
	0.0316

	jlbz
	-0.011972
	0.006583
	-1.818584
	0.0857

	mybz
	-0.011310
	0.004642
	-2.436205
	0.0255

	ln(rjgd)
	0.761437
	0.305580
	2.491775
	0.0227

	ln(tdcc)
	0.950139
	0.082427
	11.52709
	0.0000

	jgzs
	-0.003040
	0.000997
	-3.048823
	0.0069

	ln(czzc)
	0.073813
	0.040898
	1.804831
	0.0879

	R-squared
	0.995619
	Mean dependent var
	8.024604

	Adjusted R-squared
	0.994158
	S.D. dependent var
	0.787918

	S.E. of regression
	0.060221
	Akaike info criterion
	-2.550093

	Sum squared resid
	0.065278
	Schwarz criterion
	-2.208808

	Log likelihood
	38.87616
	Hannan-Quinn criter.
	-2.455435

	F-statistic
	681.7389
	Durbin-Watson stat
	1.899169

	Prob(F-statistic)
	0.000000
	
	
	


5  Conclusions

The efficiency factor, input factor and policy factor in the adjustment of agricultural production structure in Jilin Province have a significant role in promoting farmers' income. The regression coefficients of land productivity, per capita sown area and fiscal expenditure on agriculture were 0.950 1, 0.761 4 and 0.073 8, respectively. The cash crop to grain crop planting area ratio, the proportion of animal husbandry output value, and the agricultural product price index showed negative correlations with the income of farmers, with regression coefficients of -0.011 9, -0.011 3 and -0.003 0, respectively. It shows that the influence of these factors on the income of farmers in Jilin Province is dialectical, and it is necessary to create comprehensive conditions to effectively play their role in increasing the income of farmers. (1) Production structure. The regression coefficients of the planting area ratio of cash crops to grain crops (-0.011 9) and the proportion of animal husbandry output value (-0.011 3) both passed the significance test, and they showed negative correlations with the income of farmers. (2) Land input. The regression coefficient of per capita sown area was 0.761 4, indicating that if other conditions remain unchanged, if the per capita sown area is doubled, the income of farmers will increase by 76%. (3) Efficiency factor. The regression coefficient of agricultural output value of unit sown area was as high as 0.950 1, indicating that agricultural production efficiency has a significant impact on farmers' income. (4) Price factor. Although agricultural product prices are an important factor affecting farmers' income, due to data restrictions, the comprehensive agricultural product price index was used in this paper, so that the regression coefficient of agricultural product price index was only -0.003 0, and the impact of agricultural product prices on farmers' income has not been effectively reflected. (5) Policy factor. The regression coefficient of fiscal expenditure on agriculture was 0.073 8, indicating the positive impact of fiscal expenditure on agriculture on farmers' income. For every 1% increase in fiscal expenditure on agriculture, the income of farmers will increase by 0.07%. 
6  Discussion

Efficiency and input are indicators that have a significant positive impact on farmers' income in Jilin Province. From the perspective of promoting the increase of farmers' income, it is necessary to carry out comprehensive planning from the perspective of the integration of farming and processing and the integration of food production, processing and transformation (Wang and Pu, 2016). In this process, the business scale of producers on the supply side of agricultural products will be expanded, and the optimal benefits of land scale management will be brought into full play (Jiang and Wand, 2012). In addition, cash crops and animal husbandry are generally considered to be important ways to increase farmers' income (Chen, 2011). However, this study found that the planting area ratio of cash crops to grain crops and the proportion of animal husbandry output value were negatively correlated with farmers' income, which was mainly related to the low proportion of the area planted with cash crops in the total planting area and the fluctuation of the proportion of animal husbandry output value in Jilin Province. There is a direct relationship between the income of farmers and the instability of these two items.  

In the process of constructing the evaluation index system, restricted by data availability, the number of family agricultural labor, the part-time workforce of the labor, and the working time of the labor were used as variables in this paper to analyze the structure of agricultural production. In addition, compared with the optimal scale income of agricultural management, the average land management scale of farmers in Jilin Province is still small, and the part-time phenomenon in agricultural management is serious (Wang, Li and Xin et al., 2017), so it is difficult to effectively divide the input of production materials and household labor between different crops in statistics. In the future study, the evaluation indicators need to be supplemented and improved to fully reflect the adjustment of agricultural production structure. In particularly, indicators that that reflect efficiency and input need to be refined and expanded, the focus of promoting the increase of farmers' income in these two links needs to be analyzed and refined, and farmers' ability to cope with objective external environmental changes in the new round of agricultural production restructuring needs to be enhanced to gain sustained and stable agricultural income (Miao, 2014; Yu, Wu and Zhou, 2017).
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