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Abstract: This paper uses a multi-period PSM-DID model to explore the impact of land transfers
on food production from a spatial perspective and analyses the income effects, scale effects, and
structural effects of such transfers. The empirical results are as follows. (1) Land transfers have
reduced the proportion of food crops planted by farmers, and the planting structure has shifted
towards cash crops, which has obvious structural effects. (2) The impact of land transfers on the
planting structure is spatially heterogeneous. Land transfers are more common in the south than
in the north. Land transfers have reduced wheat planting in the north, while rice planting has
been reduced in the south. (3) Land transfers have increased the operating income of farmers and
have an income effect, but the income of farmers in the north is higher than that of farmers in the
south. (4) Land transfers do not have scale effects. Current land transfers among farmers are mainly
conducted on a small scale and do not improve farmers’ efficiency in planting food. The following
suggestions are proposed. (1) A market mechanism for land transfers should be established to
promote large-scale land transfers. (2) The trend towards non-grain cultivation due to land transfers
should be halted to ensure food security. (3) The different impacts of urbanization in the northern
and southern regions should be considered, and the division of labour in grain-producing areas
should be strengthened. (4) Land transfer models should be developed, and the development of
smart agriculture should be explored.

Keywords: land transfer; food production; north-south gap; structural effect

1. Introduction

In China, land ownership lies with the state, but farmers have the right to contract
and use the land. With the development of urbanization, the phenomenon of idle land is
increasing. The Seventh Session of the Standing Committee of the 13th National People’s
Congress voted and passed a decision on amending the Law on Rural Land Contracting.
The main purpose of this revision of the Rural Land Contracting Law was to legalize the
system for separating the ownership rights, contract rights, and management rights for
contracted rural land. The ownership right, contract right and management right of land
are separated. Farmers can freely choose to transfer the management right of land to others
with compensation, which is referred to as land transfer in the article. This not only more
effectively protects the legitimate rights and interests of farmers, also is but more conducive
to the development of agricultural modernization. Transferring land is an important way
to achieve large-scale agricultural operations. Because land has the dual functions of
production and social security, it is necessary to understand decision-making behaviours
regarding food production and the micro-mechanisms used by farmers before and after a
land transfer, and understanding the impact of land transfers on food production efficiency
and food security is especially important. Figure 1a,b reflect the accelerated land transfer
rates in China in recent years and the number of farmers who have withdrawn from their
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land, respectively. As of 2016, the area of land that had been transferred had reached 35.14%
of household-contracted arable land, and 30% of rural households had withdrawn from
land planting. Figure 2a shows that 58.38% of the land that has been transferred is still held
by small farm households, and 21.58% had been transferred to professional cooperatives.
Figure 2b illustrates part of the trend towards non-grain farming. After transfer, 44% of the
land is no longer used for growing food. Given such large-scale land transfers, along with
the reorganization of agricultural business entities and the readjustment of the relationship
between humans and land, what changes does land transfer have on the planting structure,
production efficiency, and sustainable development of agriculture? Is the impact of land
transfer on food production spatially heterogeneous? Answering these questions has great
theoretical and practical significance for the sustainable development of agriculture, food
security, and the efficient use of land.
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Figure 1. (a) Land transfer area of rural households from 2009 to 2016 (unit: ten thousand mu (mu, a Chinese unit of land
measurement which is commonly 666.7 square meters)); (b) Number of rural households who transferred land from 2009 to
2016 (unit: ten thousand households).
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Figure 2. (a) The structure of land transfer in 2016; (b) The acreage used to grow food crops after land transfer. Data source:
Ministry of Agriculture “China Agricultural Development Report”.
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The possible contributions of this article are as follows. Regional heterogeneity in land
transfers is explored from a spatial perspective, the impact of land transfers on the grain
planting structure as a micro-mechanism of farmers is explored, and the utility of land
transfer due to income effects, scale effects, and structural effects is analysed. Using a multi-
period heterogeneous difference-in-differences (DID) model, the problem of understanding
land transfers among farmers at multiple points in time is better addressed.

2. Literature Review

Land and food security are inseparable. The effective use of land plays an important
role in ensuring food security. Low efficiency in land use is an important obstacle to
the realization of family welfare and national food security. There is a strong positive
correlation between land scale and food production [1], and free land transfer is conducive
to ensuring national food security [1-3]. The existing studies have mainly focused on the
impact of land transfer on the outcomes such as grain production and economic crops.

Most scholars believe that land transfers are efficient [4-22], as they shift land from
low-efficiency farmers to high-efficiency farmers [23-26]. The land lease market is not
only conducive to the transfer of land from the less efficient to the more efficient but also
conducive to the reallocation of land resources [27]. Land transfer increases productivity of
labour, the productivity of agricultural tools, the productivity of agricultural assets, and
the productivity of land, thereby increasing the efficiency of agricultural production [9-11].
Based on 2012 CFPS data, Qian Long found that transferring land among farmers signif-
icantly increased land productivity [28]. Zeng Yating used a transcendental logarithmic
stochastic frontier production function to measure the technical efficiency of food produc-
tion. Using a Tobit model to test for the factors influencing land transfer, it was found
that land transfer improves the efficiency of food production technology by increasing
the productivity of labour, agricultural tools, and agricultural materials but that it has a
negative impact on land productivity [29]. Jin studied Kenyan household data and found
that the land lease market can increase agricultural productivity [30]. In the process of
urbanization, idle and abandoned land began to appear. During Japan'’s rapid urbanization,
farmland abandonment became a serious problem. Land rents and the rate of farmland
abandonment were found to be negatively correlated [31]. Land transfer effectively uses
idle land, thereby increasing agricultural productivity [12-18,32]. Koirala studied the
impact of land ownership on the productivity and technical efficiency of Philippine rice
farmers and found that the technical efficiency of farmers who transferred their land was
higher than that of farmers who did not transfer land, which is consistent with the research
conclusions of [33-35]. However, some scholars have explained the inefficiency in land
transfers from other angles. With an increase in land rents, land transfers restrict improve-
ments in agricultural production efficiency [36,37]; land transfers through government
interventions are inefficient [38].

More economic crops are planted [39]. The planting structures of farmers who transfer
land are susceptible to market forces and are more sensitive to the market. However,
as the gap in the income earned from cash crops and food crops narrows, the impact of
land transfers on planting structures should gradually weaken [40]. The main factors
influencing non-grain planting behaviours related to land transfer are the age of the head
of the household, the area of the cultivated land being worked, the proportion of non-
agricultural income in total household income, the transfer rent and regional differences.
However, some scholars have suggested that given the new land transfer situation, the
planting structure is becoming oriented towards grain. The opportunity to maximize
their income drives households engaged in small-scale farmland transfers to expand their
cultivation of cash crops in order to increase their use of land and labour; however, with
the transfer of rural labour to non-agricultural work and the rapid development of the
agricultural services market, both of which have occurred to minimize the cost of farming,
the return to a grain-oriented planting structure is the inevitable result [15,16].
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The existing studies have examined the impact of land transfer on production ef-
ficiency, farmers’ income and agricultural inputs. This paper focuses on the farmers’
decision-making behaviour regarding production and the micro-mechanisms underlying
those decisions and discusses the impact of land transfer on farmers’ planting structures
and the spatial heterogeneity in those impacts. The innovations of this paper are to explore
the regional heterogeneity in land transfer from a spatial perspective, to explore the impact
of land transfer on the grain planting structure from the perspective of farmers, and to anal-
yse the income effect, scale effect and structural effect of land transfers. The multi-period
heterogeneous DID model solves the problem of farmers transferring land at multiple time
periods.

3. Analysis of the Differences between Land Transfer and Food Planting

Figure 3 reflects the temporal and spatial changes in the land transfer rate among
rural households in China, where the land transfer rate of rural households = households
that have transferred land / (households that have transferred land + households that have
not transferred land). In 2012, the darker the orange is, the higher the transfer rate among
rural households. As shown in the figure, from 2004 to 2012, the transfer rate of rural
households across the country increased, and the transfer rate of rural households in the
northern region increased more quickly than that in the south. To analyse the impact of
land transfer on grain planting structures, the observed households are divided into two
groups: those that have transferred land and those that have not transferred land. Figure 4
shows that the proportion of grain planting and the proportion of wheat planting among
households that have transferred land are continually lower than those of households that
have not transferred land. However, the rice planting ratio among land transfer households
is higher than that among non-transfer households. On the other hand, the proportion of
grain planted is slowly decreasing (from 76.3% in 2004 to 74.8% in 2013), the proportion
of corn planted increases overall, the proportion of rice planted has continued to decline
slowly, and the proportion of wheat planted remains stable.
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Figure 3. (a) Land transfer rate of rural households in 2004; (b) Land transfer rate of rural households in 2012. Note:
The area above the yellow line is the north, including Heilongjiang Province, Jilin Province, Liaoning Province, Inner
Mongolia Autonomous Region, Beijing, Tianjin, Hebei Province, Henan Province, Shandong Province, Xinjiang Uygur
Autonomous Region, Tibet Autonomous Region, Gansu Province, Qinghai Provinces, Ningxia Hui Autonomous Region,
Shaanxi Province, and Shanxi Province; the area below the yellow line is the south, including Hainan Province, Guangdong
Province, Taiwan Province, Hong Kong Special Administrative Region, Macao Special Administrative Region, Yunnan
Province, Guangxi Zhuang Autonomous Region, Guizhou Province, Jiangxi Province, Fujian Province, Jiangsu Province,
Anhui Province, Hunan Province, Hubei Province, Sichuan Province, Chongqing City, Shanghai, and Zhejiang Province.
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Figure 4. The planting ratio of grain crops, wheat, rice, and corn crops of households that have transferred land and

those that have not transferred land. Data source: Survey data of fixed rural observation points from Chinese Ministry of

Agriculture. Note: T means households that have transferred land; C means households that have not transferred land.

Based on the analysis of regional differences in the grain planting structure, panels a
and b in Figure 5 show the distribution of the grain planting proportions in 2004 and 2012,
respectively. The darker the green colour is, the higher the proportion of grain planted.
The grain planting ratio has declined, but the agricultural planting structure in the north
is more grain-oriented than that in the south. The yellow line in the figure represents the
dividing line between the north and the south. The regions included in the north and
south are as follows. The area north of the yellow line includes Heilongjiang Province,
Xinjiang Uygur Autonomous Region, Jilin Province, Liaoning Province, Inner Mongolia
Autonomous Region, Tibet Autonomous Region, Beijing, Ningxia Hui Autonomous Region,
the city of Tianjin, Hebei Province, Henan Province, Qinghai Province, Shaanxi Province,
Shandong Province, Gansu Province, and Shanxi Province. The area south of the yellow
line includes Hainan Province, Guangdong Province, Taiwan Province, Hong Kong Special
Administrative Region, Macao Special Administrative Region, Yunnan Province, Guangxi
Zhuang Autonomous Region, Guizhou Province, Jiangxi Province, Fujian Province, Jiangsu
Province, Anhui Province, Hunan Province, Hubei Province, Sichuan Province, the city
of Chongqing, Shanghai, and Zhejiang Province. In terms of the grain varieties planted,
Figures 6-8 show the temporal and spatial changes in the planting ratios for wheat, rice,
and corn, respectively. The figure shows that as of 2012, the grain planting pattern of rice in
the south and wheat in the north was basically determined, while the ratio of corn planting
did not vary significantly across time or space.
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Figure 5. (a) Grain planting ratio in 2004; (b) Grain planting ratio in 2012. Data source: Survey data of fixed rural observation

points from Chinese Ministry of Agriculture.
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Figure 7. (a) Rice planting ratio in 2004; (b) Rice planting ratio in 2012.
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Figure 8. (a) Corn planting ratio in 2004; (b) Corn planting ratio in 2012.

4. Variables and Models
4.1. Description of Data and Variables

The data used in this article are the micro-level data from 2004 to 2013, which are from
the panel survey data of fixed rural observation points from Chinese Ministry of Agriculture
covering 31 provinces. The total sample size is 13,626 households, with 6691 households in
the southern region and 6935 households in the northern region. Part of the macro-level
data used comes from the “China Agricultural Development Reports” from 2009 to 2017.

In addition to the core explanatory variable, land transfer, four categories of factors are
defined that affect agricultural production: the characteristics of the head of the household,
the characteristics of the family’s labour force, the factors related to family agricultural
operations, and the extent of agricultural development at the provincial level.

The variables related to the head of household include the age of the head of household,
the sex of the head of household, the educational level of the head of household, and the
agricultural training status of the head of household. As the decision-maker for household
management, the age, sex, education level, and training of the head of household are
expected to significantly affect the decision to transfer land, family income, and the crops
planted.

The characteristics of the family labour force include the size of the family labour force,
the average age of the members of the family labour force, the average years of education
among members of the family labour force, and the average health level among members
of the family labour force. These variables are used to control for the influence of family
labour force characteristics. The health of the family labour force is also a standard measure
of the family’s ability to engage in agriculture.

The family management module includes arable land area under household manage-
ment, the degree of land fragmentation, and the value of the productive fixed assets owned
by the family. The scale of household management is related not only to whether farmers
are willing to transfer land, but also to the household’s planting structure, agricultural
income, and agricultural efficiency. The degree of land fragmentation not only captures
the characteristics of China’s existing cultivated land but also reflects the trends in the
agricultural scale in China. The value of the productive fixed assets owned by families can
be used to measure the degree to which production has been mechanized.

The regional control variables include the proportion of the primary industry to the
GDP of the whole province, the per capita land area of the province, the per capita GDP
of the province, the cultivated land resources in the province, and the total provincial
investments into the primary industry, which are used to measure the level of agricultural
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development in each province. To an extent, the provincial-level per capita land area,
per capita GDP, and cultivated land resources explain the resources available for the
development of the primary industry. Because China has a vast territory, the distribution of
resources and population among provinces is very uneven. Controlling for these variables
helps eliminate estimation bias in the results to a certain extent.

When the effect of land transfer on farmers’ welfare is studied, most scholars use
household income as the welfare measure. In this paper, we use household agricultural
management income as an explanatory variable to capture the income effect. The scale
effect is the increase in efficiency or the reduction in costs that occurs when the scale of
operations increases. Therefore, the yield per unit area of agricultural crops and the average
fertilizer cost per unit area of agricultural crops are used to identify whether there are scale
effects.

The dependent variables studied in this article are structured to allow for two analyses,
namely, an analysis of the structural effect of land transfer and utility analysis of that
structural effect. The measurement indicators for the structural effect include the proportion
of grain planted, the wheat planting proportion, the rice planting proportion, and the corn
planting proportion; the utility analysis of the structural effect includes the per unit area
yield of grain crops, the input-output ratio, household agricultural business income, and
total household income. See Table 1.

Table 1. Definition and descriptive statistics of dependent variables.

Variables Variable Description Mean Std. Min Max
cropper Sown area of food crops/sown area of food crops + sown area of cash crops ~ 0.77 0.30 0 1
xiaomaiper Wheat sown area/food crop sown area + cash crop sown area 0.15 0.23 0 1
daoguper Sown area of rice/sown area of food crops + sown area of cash crops 0.25 0.32 0 1
yumiper Sown area of rice/sown area of food crops + sown area of cash crops 0.27 0.32 0 1

mucrop Grain crop yield per unit area (kg/mu) 421.8 218.6 0 10,000

outin Grain input-output ratio (grain cost/grain income) 0.38 0.57 0 54.63

Ing28 Family operating income (yuan) 9.96 1.31 440  14.982

The variables affecting agricultural production can be divided into two categories,
namely, the core explanatory variables and the control variables. The core explanatory vari-
able is a dummy variable for whether the land has been transferred; the control variables
consist of four categories. The first category includes the household head characteristics,
including sex, age, education level, and the agricultural training of the household head,
and the second category includes the family labour force characteristics, including the size,
average age, average education level, and average self-reported health status of the family
labour force. The third category of control variables covers the status of the family agricul-
tural business, including the scale of operations, the degree of land fragmentation, and the
value of any productive fixed assets. The fourth category includes the characteristics of
the province, including the proportion of the primary industry, the province’s population
density, its economic density, its arable land resources, and the government’s investment
into the primary industry. See Table 2.
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Table 2. Definition and descriptive statistics of independent variables.
Variables Variable Description Mean Std. Min Max
Core explanatory variables
treated Whether to transfer land or not (transferred = 1, not transferred = 0) 0.3441 0.4751 0 1
Control variables
ind3 Age of the head of household (years) 52.39 11.43 0 90
ind2 Sex of the head of household (male = 1, female = 0) 0.9415 0.2347 0 1
ind7 Education level of the head of household (years) 6.763 2.536 0 20
train Whether to receive training or not (training = 1, untrained = 0) 0.1881 0.3908 0 1
labo Number of family labour force (person) 2.638 1.323 0 10
agemean Average age of family labour (years) 40.29 7.432 17 60
edumean Average education level of family labour force (years) 7.262 2.046 0 18
healthmean Average self-identified health status: 1 = excellent; 2 = good; 3 = medium; 4 = poor; 5 = incapacity 1.484 0.591 1 4
2 Contracted land area at the end of the year (mu) 8.465 12.86 0 608
xisuihua Area of contracted land at the end of the year/number of cultivated land at the end of the year 2.198 4.251 0 300
Control variables
Inc61 The value of productive fixed assets owned by the family at the end of the year (yuan) 9.095 1.536 3.89 15.02
first GDP of primary industry/GDP (%) 12.88 4.59 0.6 36.89
Inpopudensity The population of the province/the area of the province (ten thousand people /10,000 square hectares) 6.423 0.9814 1.81 9.251
InGDPdensity The province’s GDP/the province’s area (100 million/10,000 square hectares) 7.152 1.253 1.584 11.44
Intoland Total cultivated land resources in each province (thousand hectares) 9.391 0.6594 5.71 10.38
Inagrinvest The total investment of each province in the primary industry (ten thousand yuan/year) 12.79 0.5327 10.46 13.77




Sustainability 2021, 13, 3327

10 of 18

4.2. Methods and Models

In this article, the land circulation is a kind of public policy, and the difference in
agricultural production between households that participate and those that do not par-
ticipate in land transfer is affected by many factors. Then, land transfer can be seen as a
quasi-natural experiment, which meets the basic framework of counterfactual analysis.
Therefore, the widely used DID model can be used to evaluate the policy effect, which
can make a more realistic evaluation of the implementation effect of land transfer. The
traditional DID assumes that all individuals are affected by policies at the same time.
However, in this paper, due to the different years in which land transfer occurred among
farmers, that is, the individual policy impact time is different, the multi-period DID model
needs to be applied even more at this time. At this point, the metrological equation can be
briefly expressed as:

Yjt = 01 + 02 X treat; X posty +c; +c;+ 0. 1)

The method evaluates the change of the observed variables (dependent variable)
under the two situations of whether or not to transfer land. Therefore, the samples are
divided into the experimental group (freat; = 1) and the control group (treat; = 0). post;;
represents the processing state of individual I at time t. If the land is transferred, post;;
is 1; otherwise, it is 0. Therefore, farmers can incur interference from policies at different
time points in the model setting. The coefficient of cross-product term d5 is the average
treatment effect under consideration in this paper. Equation (2) shows the calculation
principle of the average treatment effect expressed by the coefficient 9, and reflects the
difference between the treatment group and the control group before and after the farmers’
land transfer in terms of their planting behaviour

0y = {E|[Yj|treat; = 1, post;; = 1] — E[Yj;|treat; = 1, post;; = 0]}
—{E|[Yjt|treat; = 1, post;y = 1] — E[Yj;|treat; = 1, post;y = 0]}
=M1 —Yo) = (C1 —Co) = (O2+ct) —cx

=M —C1)—(Yo—Co) = (92 +¢i) — ¢

2

Furthermore, the cross-product term treat; x post;; in Equation (1) is equivalent to
the dummy variable treated;, which represents the treatment of individual i at time t.
Therefore, by using treated; to simplify Equation (1) and introducing control variables, the
econometric estimation equation in this paper can be set as Equation (3):

Y; =01+ 02 X treated; +Y 93, X Dy +ct +¢j+0. (3)

In this paper, households that have transferred land in since 2004 are classified into
the treatment group; that is, for the households that have transferred land in, the value
of the corresponding treatment variable is recorded as 1. The households that have not
transferred land in between 2004 and 2013 are classified as the control group; that is, for
the households that have not transferred land in, the value of the corresponding treatment
variable is recorded as 0. In this paper, the sample of farmers who have transferred land
out are excluded from the empirical research. In addition, Y; is measured as the proportion
of the cultivated area sown with grain, with wheat, with rice, and with corn for the i-th
agricultural household in Equation (3). Additional dependent variables include the i-th
farmer’s household operating income and total income, as well as the yield per unit area
and input-output ratio of the i-th farmer’s food crops. The variable treated; indicates
whether the i-th farmer has transferred land in; if so, the variable is equal to 1, while it
is 0 for farmers who have not. D,; represents the control variables, which includes the
characteristics of the head of the i-th agricultural household, including age, sex, education
level, and agricultural training status; the characteristics of the family labour force of the i-
th agricultural household, including the size of the household labour force, the average age
of members of the household labour force, the average education level of the members of
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the household labour force, and the average health status of the members of the household
labour force; the family business characteristics of the i-th agricultural household, including
the scale of operations, the degree of land fragmentation, and the value of the agricultural
fixed assets; and the characteristics of the province in which the i-th agricultural household
resides, including population density, economic density, the total arable land area of the
province, and total agricultural investment in the province. The variables c; and c; represent
year and village effects, respectively; o is a constant, and d; ~ 93 are the coefficients to be
estimated.

Equation (3) needs to control the individual and time effects, so this paper mainly
adopts a panel fixed-effects model. The panel fixed-effects model is conducive to remov-
ing unobserved variables that do not change over time, helps reduce endogeneity, and
can generate robust estimation results. Additionally, because we cannot ensure that the
assumption that the random error term is not related to the core explanatory variables is
satisfied, the panel fixed-effects model is used for the empirical analysis. This paper uses
the survey data of fixed rural observation points from Chinese Ministry of Agriculture
from 2004 to 2013, and it rejects the null hypothesis according to the results of the Hausman
test shown in Table 3, which also supports the use of the panel fixed-effects model.

Table 3. The Hausman test results.

Test: Ho: The Difference in Coefficients Is Not Systematic

chi2(23) = (b-B)’[(V_b-V_B)"(—1)](b-B) = 60.95
Prob > chi2 = 0.0000
Data source: Survey data of fixed rural observation points from Chinese Ministry of Agriculture.

5. Analysis of the Empirical Results

We use the ratios of food crops, of wheat, of rice, and of corn as dependent variables
to empirically determine whether land transfer causes changes in the grain production
structure. To better control for endogeneity, time fixed effects and village fixed effects are
used. Basic results are reported in Table 4.

Table 4. Impact of land transfer on grain structures.

(Model 1) (Model 2) (Model 3) (Model 4) (Model 5)
. . . Wheat Rice Corn
Variables Planting Ratio of Food Crops Planting Ratio Planting Ratio Planting Ratio
treated —0.0118 ** —0.0115 ** —0.0075 *** —0.0047 —0.0011
ind3 0.0001 0.0001 0.0000 —0.0002 0.0003 **
ind2 0.007 0.0021 0.0068 0.0094 —0.0133 *
ind7 —0.0001 0.0001 —0.0013 ** —0.0011 0.0013
train —0.0044 —0.0035 —0.0066 ** —0.0031 0.0055
labo —0.0026 —0.0025 —0.0011 0.0000 —0.0021
agemean —0.0001 —0.0001 —0.0003 0.0001 0.0002
edumean —0.0004 —0.0002 0.0011 —0.0019 * 0.0011
healthmean —0.005 —0.0041 0.0024 —0.0075 ** 0.0019
2 0.0003 0.0003 0.0001 0.0003 * —0.0001
xisuihua —0.0024 * —0.0024 * —0.0018 ** 0.0000 0.0008
Inc61 —0.0038 ** —0.0036 ** 0.0003 —0.001 —0.0041 ***
first 0.0039 ** 0.0012 —0.0001 0.0100 ***
Inpopudensity 0.0567 0.0053 0.1116 —0.2400 ***
InGDPdensity 0.0167 0.0163 —0.0459 0.0123
Intoland 0.0838 ** 0.1005 *** —0.0317 0.0503 *
Inagrinvest 0.0515 *** 0.0282 *** 0.0162 * —0.0088
Constant term 0.8193 *** —1.1469 —1.3123 *** —0.0014 1.1621 *
Time effect control control control control control
Village effect control control control control control
Sample size 13,284 13,284 13,284 13,284 13,284
F-test 2.341 3.240 5.885 2.706 19.91
R-square 0.00528 0.00908 0.0164 0.00760 0.0533

Note: *, **, and *** indicate significance at the 10%, 5% and 1% levels, respectively.
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The empirical results presented in Table 4 show that land transfer has changed the
crop planting structure, resulting in a decrease in grain planting, which is specifically
manifested in the negative impact of land transfer on the share of the three staple foods
being planted; that is, land transfer has reduced the shares of wheat, rice and corn that
farmers plant, and thus, as a result, the proportion of grain planted has declined. In the
regression of food crop planting on the ratio of land transfer, a further increase in the
control variables did not change the sign or significance of the coefficient. In addition, the
regression results show that reducing the degree of land fragmentation, increasing the
value of the productive fixed assets owned by farmers, and strengthening the government’s
emphasis on and investment in agriculture helps increase food planting.

To verify whether there is regional heterogeneity in the impact of land transfer on the
planting structure of farmers, the southern and northern subsamples were analysed. The
empirical results presented in Table 5 show that land transfer has a negative effect on the
grain planting structure in both the southern and northern regions. Compared with that
in the northern region, the impact of land transfer on the shift away from planting grain
crops is more obvious in the southern region.

To investigate the impact of land transfer on grain production efficiency and farmers’
income, grain yield per unit area and the grain input—output ratio were used to measure
the efficiency of farmers’” grain production, while time fixed effects and village fixed effects
were used. The empirical regression results for model 1 and model 2 in Table 6 show that
land transfer has no significant impact on grain production efficiency, but the empirical
results for model 3 in Table 6 show that land transfer increases household operating income.

The results for model 1 and model 4 in Table 7 are consistent with those in Table 6. The
land transfer has no impact on grain production efficiency. Model 5 and model 6 examine
the north—south differences in the impact of land transfer on agricultural operating income.
The empirical results show that the effect of land transfer on household agricultural income
in the southern region is less than that in the northern region, which may be related to
differences in the degree of land fragmentation and land transfer regulations in the north
and south.

Table 5. The North-South difference in the impact of land transfer on grain structure.

Northern Region Southern Region
(Model 1) (Model 2) (Model 3) (Model 4) (Model 5) (Model 6) (Model 7) (Model 8)
Grain Wheat Rice Corn Grain Wheat Rice Corn
Variables Planting Planting Planting Planting Planting Planting Planting Planting
Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio
treated —0.0062 —0.0123 *** 0.0041 —0.0076 —0.0186 *** —0.0035 —0.0134 * 0.0037
ind3 0.0005 * 0.0002 0 0.0002 —0.0003 —0.0002 —0.0004 0.0004 **
ind2 0.0435 *** 0.0129 —0.0035 0.0213 —0.0172 0.0022 0.0169 —0.0297 ***
ind7 0.0012 —0.0025 ** —0.0004 0.0028 —0.0013 —0.0005 —0.0022 0.0007
train 0.0161 * 0.0038 0.0026 0.0126 —0.0194 ** —0.0132 *** —0.0089 —0.0008
labo —0.0032 —0.0003 —0.0017 —0.0004 —0.0027 —0.0020 * 0.0014 —0.0039 ***
agemean 0.0007 —0.0002 0.0003 * 0.0007 —0.0012 ** —0.0003 —0.0002 —0.0004
edumean 0.0042 ** 0.0023 * 0.001 0.0012 —0.0039 ** 0.0005 —0.0043 ** 0.0005
healthmean 0.0027 0.0035 —0.0043 * 0.0056 —0.0096 * 0.0014 —0.0118 ** 0.0000
2 —0.0003 0.0001 0.0000 —0.0002 0.0002 0.0001 —0.0001 0.0001
xisuihua —0.0027 * —0.0019 ** —0.001 0.0014 0.0080 * —0.0017 0.0141 *** —0.0041
Inc61 —0.0037 * 0.0011 0.0001 —0.0063 *** —0.0034 —0.0005 —0.0023 —0.0015
first 0.0012 —0.002 0.0057 *** 0.0072 *** 0.002 0.0096 *** —0.0096 *** 0.0031
Inpopudensity —0.1147 —0.2447 *** 0.1443 ** —0.1818 0.072 0.1188 * 0.1198 —0.2400 ***
InGDPdensity 0.0097 —0.0805 ** 0.0412* 0.0223 —0.0551 0.1090 *** —0.2319 *** 0.0335
Intoland 0.0467 0.0173 —0.0034 0.068 0.0926 * 0.1127 *** —0.0336 0.0257
Inagrinvest 0.0484 *** —0.0016 0.0092 0.0144 0.0715 *** 0.0484 *** 0.0385 ** —0.0105
Constant term 0.3228 2.0646 ** —1.2233 ** 0.3744 —1.0182 —3.2229 *** 1.2974 1.3420 *
Time effect control control control control control control control control
Village effect control control control control control control control control
Sample size 6623 6623 6623 6623 6661 6661 6661 6661
F-test 2.553 4432 3.447 14.05 2.376 6.924 2.071 5.483
R-square 0.0151 0.0260 0.0203 0.0780 0.0126 0.0358 0.0110 0.0286

Note: *, **, and *** indicate significance at the 10%, 5% and 1% levels, respectively.
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Table 6. The empirical regression results of the structural effect of land transfer.

(Model 1) (Model 2) (Model 3)
Variables Grain Yield per Unit Area Grain Input-Output Ratio Agricultural Operation Income
treated —0.0157 0.0014 0.1224 ***
ind3 0.0005 —0.0041 —0.001
ind2 0.0048 —0.0012 0.1646 ***
ind7 0.0014 —0.0043 —0.0043
train 0.0206 0.0018 0.1527 ***
labo 0.0062 —0.0109 0.0240 **
agemean 0.0003 —0.001 0.0021
edumean —0.0042 0.0014 0.0142 *
healthmean —0.0124 0.0135 —0.0325
2 —0.0002 0.0002 0.0054 ***
xisuihua 0.001 0.0000 0.0102
Inc61 0.0077 * 0.0137 ** 0.3351 ***
first 0.0064 —0.0045 0.0093
Inpopudens~y 0.1385 —0.6235* —0.2972
InGDPdensity 0.0291 —-0.1195 -0.1337
Intoland —0.1026 —0.031 0.1125
Inagrinvest —0.0656 ** —0.1080 ** 0.088
Constant term 6.4039 *** 6.8120 ** 6.8234
Time effect control control control
Village effect control control control
Sample size 12,251 12,179 13,448
F-test 11.94 2.114 121.1
R-square 0.0346 0.00633 0.254
Note: *, **, and *** indicate significance at the 10%, 5% and 1% levels, respectively.
Table 7. Impact of land transfer on grain production efficiency and income.
South North South
(Model 1) (Model 2) (Model 3) (Model 4) (Model 5) (Model 6)
Grain Crop Food Grain Crop Food Agricultural Agricultural
Variables Yield per Unit Input-Output Yield per Unit Input-Output Operating Operating
Area Ratio Area Ratio Income Income
treated x time —0.0074 —0.0147 —0.0251 0.0112 0.0999 *** 0.1462 ***
ind3 0.0008 —0.0214 0.0000 0.0095 —0.0014 —0.0013
ind2 —0.059 —0.0001 0.0318 —0.0023 0.0895 0.2105 ***
ind7 —0.0018 —0.0017 0.0027 —0.0065 —0.0033 —0.0096
train 0.0273 0.0074 0.0155 —0.0075 —0.0269 0.3062 ***
labo 0.0087 —0.0115 ** 0.0037 —0.0114 —0.0011 0.0419 ***
agemean 0.0016 —0.0005 —0.0012 —0.0018 0.0068 ** —0.0032
edumean —0.0014 0.0018 —0.0043 0.0024 0.0089 0.0223 *
healthmean —0.02 —0.0003 —0.003 0.0326 —0.0092 —0.0388
2 0.0007 0.0015 * —0.0014 —0.0003 0.0137 *** 0.0003
xisuihua —0.0025 —0.0021 0.0253 ** —0.0003 —0.0064 0.0574 **
Inc61 0.0073 —0.0075 * 0.0101 0.0349 *** 0.3093 *** 0.3555 ***
first —0.0015 0.0066 —0.0032 —0.0266 0.0007 0.0192
Inpopudensity —0.7758 —0.1402 —0.0804 —0.3552 —1.4791 —0.2438
InGDPdensity 0.1382 —0.0279 —0.1964 —0.0333 0.044 —0.5734
Intoland —0.194 —0.0166 0.0798 —0.0123 0.2006 0.0056
Inagrinvest 0.0773 —0.0920 *** —0.2090 *** —0.1065 0.1444 0.1256
Constant term 10.5447 ** 2.716 9.5827 *** 4.6859 11.4322 9.8836
Time effect control control control control control control
Village effect control control control control control control
Sample size 6278 6230 5973 5949 6793 6655
F—test 12.34 3.322 5.163 1.284 74.65 57.69
R—square 0.0718 0.0205 0.0291 0.00741 0.308 0.236

Note: *, **, and *** indicate significance at the 10%, 5% and 1% levels, respectively.
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6. Robustness Test
6.1. Robustness Test: Differences-in-Differences

The largest difference between the DID model and the previously used model setting
is that there is an additional dummy variable, time, indicating when the policy occurs. In
this paper, the year after land transfer occurs is recorded as 1 for the time variable, and
for the year before land transfer occurs, the time variable is set to 0. The model is set as
follows:

(4)

Except for the inclusion of an additional event dummy variable, the other variables
and parameter settings are consistent with those in formula (1). Here, time; represents the
dummy variable for the i-th farmer’s land transfer.

The above three outcomes for the impact of land transfer on agricultural production
are regressed using the DID model. The dependent variables used are consistent with those
from the first three analyses, but the model construction is changed to that of Equation (2).
The core explanatory variable becomes treated; x time;, namely, the DID variable.

The robust results of the DID model for the impact of land transfer on the planting
structure of farmers and the utility analysis are shown in Tables 8-10. In comparison to
previous estimation results, the basic conclusions are consistent, verifying that the empirical
results are robust.

Y; = 01 + 9y X treated; X time; + Zn—l 03 X Dy + ¢ + cj+0.

Table 8. The results of the DID model for the impact of land transfer on planting structure.

(Model 1) (Model 2) (Model 3) (Model 4) (Model 5)
Variables Planting Ratio Wheat Rice Corn
of Food Crops Planting Ratio Planting Ratio Planting Ratio
treated x time —0.0145 *** —0.0145 *** —0.0058 ** —0.0023 —0.0027
Constant term 0.8175 *** —1.1781 —1.3256 *** —0.0071 1.1565*
Head of household characteristics Included Included Included Included Included
Family labour characteristics Included Included Included Included Included
Family business characteristics Included Included Included Included Included
Province characteristics Exclude Included Included Included Included
Time effect Included Included Included Included Included
Village effect Included Included Included Included Included
Sample size 13,284 13,284 13,284 13,284 13,284
F-test 2.110 3.069 4.765 2.737 21.23
R-square 0.00476 0.00861 0.0107 0.00617 0.0459
Note: *, **, and *** indicate significance at the 10%, 5% and 1% levels, respectively.
Table 9. The robustness test of the impact of land transfer on grain production efficiency.
Nationwide North South
(Model 1) (Model 2) (Model 3) (Model 4) (Model 5) (Model 6)
Grain Crop Food Grain Crop Food Grain Crop Food
Variables Yield Input-Output Yield Input-Output Yield per Input-Output
per Unit Area Ratio per Unit Area Ratio Unit Area Ratio
treated X time —0.0104 0.0025 —0.0041 0.0008 —0.0188 0.0029
Constant term 6.3855 *** 6.8218 ** 10.5577 ** 2.7692 9.5264 *** 4.681
Head of hoqsghold Included Included Included Included Included Included
characteristics
Family labour characteristics Included Included Included Included Included Included
Family business characteristics Included Included Included Included Included Included
Province characteristics Exclude Included Included Included Included Included
Time effect Included Included Included Included Included Included
Village effect Included Included Included Included Included Included
Sample size 12,251 12,179 6278 6230 5973 5949
F-test 11.93 2.114 12.37 3.303 5.107 1.280
R-square 0.0346 0.00633 0.0720 0.0204 0.0288 0.00739

Note: ** and *** indicate significance at the 5% and 1% levels, respectively.
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Table 10. The robustness test of the impact of land transfer on agricultural operating income.

Nationwide North South
(Model 1) (Model 2) (Model 3)
Variables Agri.cultural Agri-cultural Agri.cultural
Operating Income Operating Income Operating Income
treated x time 0.2004 *** 0.1353 *** 0.2546 ***
Constant term 7.4278 11.5722 10.8056
Head of household characteristics Included Included Included
Family labour characteristics Included Included Included
Family business characteristics Included Included Included
Province characteristics Included Included Included
Time effect Included Included Included
Village effect Included Included Included
Sample size 13,448 6793 6655
F-test 124.2 75.19 60.03
R-square 0.259 0.310 0.244

Note: *** indicate significance at the 1% level, respectively.

6.2. Robustness Test: Changing the Time Window

The time span of the panel data was changed from 20042013 to 20062011, and the
DID regression was re-conducted to test the robustness of the estimation results. The
results of the robustness test with the changed time window (see Tables 11-13), except
for the change in the sign of the coefficient for land transfer’s impact on the per unit area
fertilizer input of food crops, are consistent with the original estimation results. They show
that land transfer has a significant structural effect on farmers’ grain planting behaviour,
and there are also differences regarding the north and the south. Moreover, the non-grain
cultivation is more obvious in the south, while the income effect of land transfer is more
obvious in the north. The different result for fertilizer input may be the result of expenses
not being deflated. Therefore, the above two robustness tests, the DID regression, and the
change of the time window yielded estimation results consistent with the previous results
in this article, which further strengthens the credibility of the empirical conclusions.

Table 11. Impact of land transfer on grain planting structure after changing the time window.

(Model 1) (Model 2) (Model 3) (Model 4) (Model 5)
. . . Wheat Rice Corn
Variables Planting Ratio of Food Crops Planting Ratio Planting Ratio Planting Ratio
treatedg rme —0.0131 ** —0.0130 ** —0.0071 ** —0.0026 0.0001
Constant 0.7949 *** 0.9356 0.3329 —0.2336 0.6899
Head of household characteristics Included Included Included Included Included
Family labour characteristics Included Included Included Included Included
Family business characteristics Included Included Included Included Included
Province characteristics Exclude Included Included Included Included
Time effect Included Included Included Included Included
Village effect Included Included Included Included Included
Sample size 6765 6765 6765 6765 6765
F-test 2.101 2.176 3.542 1.644 6.080
R-square 0.00754 0.0101 0.0126 0.00591 0.0215

Note: ** and *** indicate significance at the 5% and 1% levels, respectively.
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Table 12. Impact of land transfer on food production efficiency after changing the time window.

Nationwide North South
(Model 1) (Model 2) (Model 3) (Model 4) (Model 5) (Model 6)
Grain Crop Food Grain Crop Food Grain Crop Food
Variables Yield per Unit Input-output Yield per Unit Input-output Yield per Input-output
Area Ratio Area Ratio Unit Area Ratio
Treated x time —0.0009 0.0044 —0.0081 —0.0010 0.0084 0.0052
Constant term 3.4025 6.8607 ** —4.194 8.7016 9.7326 * 6.0731 *
Head of hogsghold Included Included Included Included Included Included
characteristics
Family labour characteristics Included Included Included Included Included Included
Family business characteristics Included Included Included Included Included Included
Province characteristics Exclude Included Included Included Included Included
Time effect Included Included Included Included Included Included
Village effect Included Included Included Included Included Included
Sample size 6319 6287 3247 3229 3072 3058
F-test 4.682 2.751 5.074 2.305 3.238 2.347
R-square 0.0227 0.0135 0.0495 0.0232 0.0304 0.0223

Note: * and ** indicate significance at the 10% and 5% levels, respectively.

Table 13. Impact of land transfer on agricultural operating income after changing the time window.

Nationwide North South
(Model 1) (Model 2) (Model 3)
Variables Agri.cultural Agri'cultural Agri'cultural
Operating Income Operating Income Operating Income
treated x time 0.2133 *** 0.1620 *** 0.2493 ***
Constant term 12.0414 18.6515 18.5448
Head of household characteristics Included Included Included
Family labour characteristics Included Included Included
Family business characteristics Included Included Included
Province characteristics Included Included Included
Time effect Included Included Included
Village effect Included Included Included 1
Sample size 6830 3461 3369
F-test 71.75 44.25 35.95
R-square 0.251 0.303 0.245

Note: *** indicate significance at the 1% level, respectively.

7. Conclusions and Recommendations

This article uses the survey data of fixed rural observation points provided by Chinese
Ministry of Agriculture from 2004 to 2013 to explore the north—south differences in the
impact of land transfer on farmers’ food planting and to analyse the impact of land transfer
on food production in terms of structure and efficiency using a multi-period heterogeneous
difference-in-differences model and the propensity score matching technique. The empirical
research conclusions are as follows:

(1) Land transfer reduces the planting of food crops and leads farmers to shift to the
planting of cash crops.

(2)  There is regional heterogeneity in the impact of land transfers on the grain planting
structure. The shift away from planting grains is more prominent in the south than in
the north. Land transfer reduced wheat cultivation in the north and rice cultivation in
the south.

(3) Land transfer has increased the operating income of farmers, and the income of
farmers in the north is higher than that in the south.

(4) Land transfer among farmers is mainly small-scale transfer, which does not improve
the efficiency of farmers’ grain planting.

Given the process of urbanization, the transfer of the agricultural labour force to cities,
and the ageing of the agricultural labour force, land transfers and agricultural modern-
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ization are the only ways to ensure food security and promote sustainable agricultural
development. First, we must take the shift away from grain cultivation in the process
of land transfer seriously to ensure food security. On the other hand, it is necessary to
establish a market mechanism for land transfers, explore effective business models to guide
capital to rural areas, and promote the appropriate scale of land transfer and the develop-
ment of modern agriculture. Second, in terms of the different effects of urbanization in the
northern and southern regions, the southern region has a more developed economy and
more non-agricultural employment opportunities. The transfer of grain from the south to
the north shows that the regional division of labour and the grain planting structure are
affected by urbanization, and the north and south should be monitored differently. An
increased scale of land transfer and additional shifts in the grain planting structure are
expected to strengthen the regional division of labour and these structural adjustments.
Therefore, policymakers should catch the dividend express of the digital economy by
developing digital agriculture and smart agriculture, using technology to promote the
development of agriculture, rural areas, and farmers, innovating land transfer models, and
improving grain planting efficiency.

Because the latest data are not available, this paper cannot track the latest land transfer
changes, which is the most substantial limitation of this paper. On the other hand, since
the data are based on the sample of farmers, the lack of corporate data cannot reflect
the situation of large-scale land circulation. In future work, the land inflow operation
behaviour of agricultural companies of a certain scale will be separately studied.
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