www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

The impact of land transfer
policy on sustainable agricultural
development in China

Congjia Huo%?2 & Lingming Chen3**

At present, China’s agricultural development presents problems such as increasingly tight constraints
on water and soil resources, increased pollution in the process of agricultural production, and
noticeable degradation of agricultural ecosystems. So, it is urgent to promote the sustainable
development of agriculture. From the perspective of land transfer policy, based on the panel data of
30 regions in China from 2006 to 2020, this paper uses the entropy weight method to calculate the
level of sustainable agricultural development. Based on the analysis of the impact mechanism of

land transfer policy on sustainable agricultural development, the relationship between land transfer
policy and sustainable agricultural development is empirically tested by the continuous difference-in-
difference method. The study found that the overall level of sustainable agricultural development in
China is relatively low but shows an upward trend. The land transfer policy significantly promoted the
sustainable development of agriculture in China. This conclusion is still valid after a series of validity
tests and robustness tests. Finally, the corresponding policy suggestions are put forward according
to the theoretical analysis and empirical results. Future research will focus on indicators challenging
to quantify in agricultural sustainable development and find effective methods to incorporate them
into the indicator system. At the same time, find the data of Prefecture-level cities in major grain-
producing areas and further improve the measurement and research of agricultural sustainable
development.
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Agriculture is the foundation of the state, and the healthy and stable development of agriculture is the basis for
the rapid development of the national economy of a country or region. For China, agriculture is the bedrock
of its national economy. The quality and efficiency of agricultural production are related to the country’s food
security and economic development. However, China’s agricultural production has faced practical problems
such as limited land, stretched water resources, and excessive use of fertilizers and pesticides. Currently, China’s
agricultural development shows increasingly tight constraints on water and soil resources, increased pollution in
agricultural production, and noticeable degradation of agricultural ecosystems. At the same time, China’s water
and soil resources management, ecological compensation, and other systems and mechanisms are not perfect,
and the traditional mode of agricultural development has made it difficult to solve the problems caused by the
acceleration of modernization. Therefore, we must adopt a sustainable agrarian production model to ensure
long-term stable agricultural production and sustainable agricultural development in China. In recent years,
with the increasing consensus on sustainable agricultural development, China’s sustainable rural development
has achieved good results in four aspects: the sustained growth of total farm production capacity and farmers’
income, the steady improvement of the utilization level of agricultural resources, the continuous increase of
agricultural ecological protection and construction, and the gradual improvement of rural living environment.

China’s agricultural production model is dominated by a small-scale peasant economy, showing the charac-
teristics of scattered land, low comprehensive management capacity of farmers’ families, backward agricultural
production methods, and extensive production and sales of farm products. In addition, the phenomenon of
land fragmentation and decentralization will hinder the sustainable development of agriculture. Land transfer
policy aims to promote agricultural modernization and large-scale operation, improve agricultural production
and economic efficiency, and thus promote sustainable agricultural development. Zhongfa [2010] No.1, issued by
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the Chinese government in 2010, clearly stated that “we will announce the reform of the rural land management
system in an orderly manner and accelerate the registration and certification of rural collective land ownership,
homestead use rights, and joint construction land use rights” The No. 1 document of 2010 proposed five measures
to coordinate urban and rural development. The government has taken multiple measures to improve the social
security and public service levels of mobile populations and vulnerable groups and actively promoted rural land
transfer. Specifically reflected in the following two aspects: On the one hand, improving the land transfer market:
The document proposes to strengthen the management and service of land contract management rights transfer,
which means establishing and improving the land transfer market mechanism to ensure the transparency and
efficiency of land transfer.

On the other hand, protecting the rights and interests of farmers: The document mentions the strict imple-
mentation of the Rural Land Contract Management Dispute Mediation and Arbitration Law, which is to protect
the rights and interests of farmers in land contract management and prevent infringement during the land trans-
fer process. With the continuous revision and improvement of the land transfer policy, the scale of land transfer
in China has increased rapidly. Figure 1 shows the land area and cultivated land area transferred in China from
2005 to 2021, as well as the scale of land transfer.

According to Fig. 1, the scale of land transfer in China has increased significantly. In 2007, the scale of land
transfer was only 5.24%, and by 2018, the value increased to 38.59%. It is difficult for cultivated land resources to
grow. The total area of cultivated land in China has changed slightly, and the area of cultivated land has increased
yearly. In 2016, China’s “Three Rights Separation” policy gave the due legal status of land management rights.
After that, the scale of land transfer showed a rapid growth model and tended to stabilize. The land transfer
policy can theoretically promote sustainable agricultural development. From the data point of view, the trend of
the two is the same, so is there a driving force for sustainable agricultural development brought about by land
transfer policy? How much does the land transfer policy affect the sustainable development of agriculture? How
can we further promote sustainable agricultural development through a land transfer policy? This paper uses the
continuous difference-in-difference (DID) method to verify whether the transfer policy can promote the sustain-
able development of agriculture based on calculating the sustainable development level in 30 regions of China.

The rest of this paper is organized as follows: Section “Literature review and theoretical mechanism” is a litera-
ture review and theoretical hypothesis on related topics; In Section “Index system and construction of agricultural
sustainable development level”, the panel data of 30 regions in China from 2006 to 2020 are used to calculate the
sustainable development level of regional agriculture by entropy weight method; In Section “Empirical study
on the impact of land process policy on the level of sustainable agricultural development’, the continuous DID
model is set up, and the variable description and data source are given. At the same time, it empirically tests the
impact of land transfer policy on sustainable agricultural development and tests the effectiveness and robustness
of the model. Section “Conclusions, policy recommendations, and research prospects” is this paper’s conclusion,
policy recommendations, and future research directions.

Literature review and theoretical mechanism

Literature review

Research on the calculation of sustainable agricultural development

Academic research on sustainable agricultural development mainly includes the optimization of agrarian resource
allocation, agricultural productivity, and agricultural trade (Alagh'; Wen et al.; Zhou?®). Calculating sustainable
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Figure 1. Cultivated land area and transferred cultivated land area in China from 2005 to 2021, and land
transfer scale (unit: 100 million mu). Note Land transfer scale =total area of cultivated land transferred/
developed land area * 100%. The left Y-axis shows the scale of land transfer (unit: 100 million acres), while the
right Y-axis shows the scale of land transfer (unit:%).
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agricultural development is the premise of studying sustainable agricultural development. Many documents cal-
culate the level of sustainable agricultural development in different regions or periods through various methods,
mainly using the entropy weight method. Indicators are primarily selected from subsystems such as population,
society, economy, environment, and resources to construct an indicator system for sustainable agricultural
development for Calculation (Yuan and Qi Zhao et al.> Zhang et al.%). Other scholars have used other meth-
ods to estimate sustainable agricultural development: Liu and Ma’ lay on the nonlinear and grey character of
the agricultural sustainable development system. Using grey system theory and the neural network simulation
method, we set up scientific and reasonable calculation and forecast models for the coordination degree of
agricultural sustainable development systems. A questionnaire was developed based on the analytical hierarchy
process (AHP) (Poursaeed et al.%). Ye and Chen® used the DEA analysis method to divide the agricultural sus-
tainable development system into four subsystems: survival security, agricultural economic development, rural
social progress, and agricultural ecological protection. Miao et al.'’ used a weighted comprehensive evaluation,
coordination, and development obstacle models to analyze the current situation, potential, and obstacle factors
of sustainable agricultural development in the study area. Tang and Liu'! constructed the evaluation index system
of agricultural sustainable development level from five aspects: population, society, economy, environment, and
resources. They used the coupling coordination model to analyze the coupling degree and coordination degree
among the subsystems of sustainable agricultural development in the Yangtze River Economic Zone. Adamopou-
los et al.'? used panel data and quantitative frameworks from China’s household level to record the degree and
consequences of agricultural factor mismatch. They found that improper resource allocation among farmers can
reduce agricultural production efficiency. Adenle et al."* used evidence of the benefits and challenges associated
with sustainable farming practices in Africa. They found that improving agricultural sustainability is crucial for
food security and poverty reduction, especially for achieving sustainable development goals by 2030. However,
agricultural sustainability alone cannot solve all of these issues.

Research on land transfer policy and sustainable agricultural development

Many factors affect the sustainable development of agriculture, including natural, economic, social, and tech-
nological obstacles, among which the insufficient supply of agricultural systems, primarily agrarian land sys-
tems, is an essential factor. Under the economic structure dominated by agriculture and the level of traditional
technology, agricultural production’s core competitiveness is producers’ enthusiasm. Stable land use rights are
the institutional basis for ensuring farmers” enthusiasm and stimulating sustainable agricultural development
(Besley'*; Chari et al.’®). To promote farmers’ enthusiasm for farm investment and achieve sustainable land use
and agricultural growth, agricultural protection must be carried out to protect the economic interests of farm
producers and operators (Pang'®). However, the imperfect system and mechanism of agricultural land transfer
have directly become a severe obstacle to the sustainable development of agriculture (Hu'’). An imperfect land
transfer market will affect the efficiency of agricultural land resource allocation (Rosticceria'®). Small-scale farm-
ers discriminatory land policy, land taxation, input subsidies, imperfect land factor market, and credit constraints
are the main reasons for affecting resource allocation and sustainable development in the agricultural sector
(Adamopoulos'®). Adamopoulos® used Philippine household data and found that unreasonable land transfer
policies would inhibit the optimal allocation of land resources. Bolhuis et al.?! used Indian household data and
found that land flow transfer promotes land redistribution, thus improving agricultural productivity. Xia and
Zeng? tested the impact of changes in the farmland transfer system on sustainable agricultural development,
and, combined with the development status of China’s “three rural” issues and the requirements of sustainable
agricultural development, analyzed the way out of the reform of the farmland transfer system in the case of
normalization of agricultural land transfer.

Li and Zhu® found that legalizing land transfer and land property reform can increase agricultural invest-
ment and improve land quality. Moreover, the benefits of strengthening land quality are unevenly distributed
across different socio-economic backgrounds. Fei et al.** used the PSM method to construct a counterfactual
framework to analyze the impact of land transfer on agricultural land efficiency. The average land use efficiency
in developing countries is relatively low, and provinces that transfer land are more effective in land use than
other provinces. Yang et al.>> measured the sustainability of farmers’ livelihoods based on field survey data from
650 households in Hubei Province, China. They found that land transfer can significantly improve the sustain-
ability of farmers’ livelihoods, which increases with the increase of land transfer area. Cao et al.?® found that
the positive impact of land leasing and the negative impact of land fragmentation on agricultural production
efficiency indicate that it is essential to promote land consolidation policies by incorporating land parcel con-
nectivity interventions in the land leasing market. The mainstream of land transfer is the spontaneous, slow, and
internal transfer in rural areas, which promotes the concentration of land to some farmers. In the process of land
transfer and class construction, the form of a middle agricultural economy has emerged, and the rural middle
class and its shaped middle agricultural economy provide strong support for the sustainable development and
modernization of agriculture (Liu?’).

Compared with existing literature, the possible contributions of this article are mainly reflected in two aspects.
Firstly, this article analyzes how the implementation of land transfer policies affects sustainable agricultural
development from the perspective of land transfer policies. At the same time, it provides new empirical evidence
for the government to formulate policies to promote sustainable agricultural development. Secondly, this article
constructs a small sample continuous double difference model based on random inference. At the same time, it
also reduces endogeneity problems caused by selective bias and reverse causality. In addition, the impact of land
transfer policies on sustainable agricultural development is also empirically tested.
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Theoretical mechanism

The reform of land transfer policies will promote the increase of land transfer scale in China, thereby improv-
ing the efficiency of land resource utilization and agricultural production, protecting the agricultural ecological
environment, and promoting sustainable agricultural development through these three paths. Specifically:

(1) Land transfer policy can improve the efficiency of land resource use

Farmers’ average household land management area has been too narrow for a long time, seriously restricting
agricultural machinery and advanced agricultural technology (Yao and Hamori?; Ying et al.??). Land use rights
cannot be freely transferred, so many young agricultural laborers flow into cities. It is difficult for surplus rural
labor to engage in efficient agricultural production activities, and some areas have experienced abandonment. The
reform of land transfer policies has dramatically promoted the behavior of agricultural land transfer. Expanding
the farm production scale promotes sustainable agricultural development from two aspects.

On the one hand, with the gradual improvement of land transfer policies, families who are unable to engage
in agricultural production transfer their land use rights to large farmers, and a large number of scattered and
small plots of land gather to form a large-scale and efficient agrarian production model; On the other hand, land
property rights reform has promoted land redistribution among farmers, promoting land trusteeship, transfer,
and intensive use (Chari et al.'®). This is beneficial for improving land use efficiency, reducing excessive land
reclamation and damage, and protecting rural resources and the environment. Land transfer policies can pro-
mote more rational allocation and utilization of land resources, avoid land idleness and waste, improve land use
efficiency, and promote sustainable agricultural development.

(2) Land transfer policy can improve the efficiency of agricultural production

The scale of small farmers’ families is relatively small, and the funds and resources of farmers’ families are rela-
tively scarce, so it isn’t easy to afford high scientific and technological investment and equipment procurement. At
the same time, due to the lack of professional knowledge and technical skills, farmers often do not have enough
ability to carry out technological innovation and application, and it is challenging to meet the requirements of
market demand and industrial upgrading. Coupled with the long-term influence of traditional concepts and
habits, farmers lack the spirit of pioneering and enterprising and the understanding of technological innovation,
which makes it challenging to adapt to the requirements of the scientific and technical era. The land transfer
policy has promoted the formation of large-scale agricultural production. With the entry of capital elements into
the primary industry and the continuous introduction of advanced technology and equipment in agricultural
production, China’s agriculture has gradually achieved large-scale, mechanized, and standardized production. It
reduces production costs and improves agricultural production efficiency and market competitiveness. The land
transfer policy can promote the centralized allocation of agricultural means of production, improve production
efficiency and economic benefits, and thus promote sustainable agricultural development.

(3) Land transfer policy can protect the agricultural ecological environment

Agricultural zoning design has important strategic significance, and China’s previous small-scale and fine
agricultural production model is challenging to achieve agricultural layout. The land transfer policy can promote
reasonable agricultural layout and planting structure adjustment. From the micro level, optimizing agricultural
layout can avoid environmental problems such as soil degradation and soil erosion caused by excessive reclama-
tion and pesticide use and help protect the agricultural ecological environment. From the macro level, according
to the local climate, topography, soil and other natural conditions and economic development level, the distri-
bution and utilization direction of agricultural land are determined, and the layout and spatial distribution of
agricultural land are rationally planned, which significantly promotes the sustainable development of agriculture.

Through large-scale land management, land transfer accelerates the process of farmers’ non-agriculturaliza-
tion, inherits urbanization, and starts agricultural modernization, which is the premise of realizing the synchro-
nous and coordinated development of urbanization and agricultural modernization in China (Yang®). Indus-
trialization, urbanization, marketization, and agricultural industrialization promote the gradual improvement
of land transfer policies, and the rural land property rights system has evolved in the direction of clarifying the
subject of property rights, ensuring the right of land transfer and facilitating land transfer (Huang and Xie*!). To
sum up, land transfer is an effective way to promote sustainable agricultural development. It can improve land
use efficiency and protect the agricultural ecological environment, promote agrarian modernization, transfor-
mation, and upgrading, improve farmers” income and living standards, and promote rural transformation and
development. The land transfer policy has further improved China’s agricultural system, effectively alleviated the
problems of significant differences in the quality of farm products, weak competitiveness, and low production
efficiency brought about by fine-grained agricultural production, and also solved the problems of insufficient
rural labor force and limited production of farm products brought about by the entry of young agricultural labor
force into cities. Based on this, this paper proposes two hypotheses to be tested:

This article proposes a research hypothesis: land transfer policy can promote sustainable agricultural
development.
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Index system and construction of agricultural sustainable development level

Index construction and data source

Index construction

Sustainable agriculture refers to the formation of sustainable development principles. It combines traditional
agriculture with modern technology. And based on protecting natural resources. A new agricultural production
method that also achieves ecological balance and economic benefits. Specifically, sustainable agriculture is guided
by environmental principles and ecological economic laws. It is simultaneously focusing on managing and pro-
tecting natural resources. It combines traditional agriculture with modern technology. It aims to meet everyday
people’s and future generations needs for agricultural products. The main characteristics of this new agricultural
production method are as follows: The production process balances economic benefits with ecological protection.
At the same time, the goal is to achieve sustainable, fair, efficient, and diverse agricultural production. Overall,
sustainable agricultural models are entities with structures and functions. Integrating ecological, economic, and
social elements demonstrates their status and interaction in the system network. This model reflects explicitly
the sustainable utilization of resources. The sustainable development of agriculture needs the mutual influence,
promotion, and joint development of population, economy, resources, society, environment, and other factors.
To scientifically measure the level of regional agricultural sustainable development, this paper constructs an
index system for the level of sustainable agricultural development.

The design and construction process of the evaluation index system needs to focus on the following six
principles: purposefulness, completeness, operability, independence, saliency, and dynamism. Independence
requires each indicator to have a clear connotation and be as independent as possible. Indicators at the same level
should not overlap, cross, cause and effect, or contradict each other as much as possible. Upper and lower-level
indicators maintain a top-down subordinate relationship. The existence of mutual feedback and interdepend-
ence between indicator sets and among indicators within the indicator set should be avoided. At the same time,
maintain good independence. The article takes the “economic system sustainable level,” “environmental system
sustainable level,” “social system sustainable level,” “resource system sustainable level,” and “population system
sustainable level” as the primary indicators. It ensures the independence of the primary indicators. It is also a
complex, comprehensive evaluation indicator. There may be interdependence and feedback relationships between
indicators to ensure the indicator system’s purposefulness, completeness, and operability. Therefore, previous
literature was combined to construct agricultural sustainable development indicators for secondary indicators
(Jiao®%; Ding et al.**; Miao et al.**). This article uses the VIF test method to test multicollinearity and eliminate
collinearity indicators. Meanwhile, considering the feasibility of indicators and the availability of data, a sustain-
able agricultural development indicator system is constructed as shown in Table 1:

Primary indicators Secondary indicators Computing method Unit Attribute
Rural per capita agricultural GDP Primary industry GDP/rural population Ten-thousand-yuan | +
Sustainability of the economic system
Per capita disposable income of rural residents —_ Yuan +
Forest cover Forest area/total area % +
Damage from natural disasters Affected area/total area % -
s . Pesticide intensity Total pesticide use/total cultivated land area Ton/mu -
Sustainability of environmental systems
Strength of agricultural plastic film igeglcultural Plastic film use/total cultivated land Square meters/mu -
Fertilizer use intensity Total fertilizer use/total cultivated land area Ton/mu -
Grain production per capita Total grain production/total population kilogram +
Level of Agricultural Mechanization Total power of agricultural machinery/total o +
Resource system sustainability agrarian output value
Effective irrigation area Irrigation area/total cultivated land area % +
Land yield Agricultural output value/crop planting area —_ +
Fiscal expenditure on supporting agriculture — Ten-thousand-yuan | +
N . Per capita electricity consumption in rural areas Total rur al electricity consumption/total rural Watts/person +
Sustainability of social systems population
Per capita consumption expenditure of rural L Yuan +
residents
Natural population growth rate (births dgaths)/average total population in the Per thousand +
same period
Population system sustainability Average years of education in rural areas ;1;(;:1 years of rural education/total rural popula- Year +
Rural ageing Rural population over 65/total rural population | % -

Table 1. Index system of agricultural sustainable development level. Positive indicators refer to indicators
with higher values indicating a higher level of sustainable agricultural development; negative indicators refer
to indicators that suggest that the smaller the indicator value, the higher the level of sustainable agricultural
development.
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Data sources and calculation method
The data on agriculturally sustainable development level indicators come from the China Rural Statistical Year-
book, China Statistical Yearbook, China Agricultural statistical yearbook, China Urban Statistical Yearbook,
and provincial and Municipal Statistical Yearbooks over the years. Some indicators are obtained by estimation
or calculation, and the specific calculation method is shown in Table 1. In addition, some missing data are sup-
plemented by linear interpolations. In addition, considering the particularity and data availability of Tibet, Hong
Kong Special Administrative Region, Macao Special Administrative Region, and Taiwan Province, the data of
these four regions were excluded from the calculation process. Finally, 30 provincial panel data from 2006 to
2020 are obtained to calculate the level of sustainable agricultural development in various regions of China.
Accurately and efficiently measuring the level of sustainable agricultural development in China is the basis
for studying its relationship with the degree of land transfer. The existing literature mainly uses factor analysis
and data envelopment analysis to calculate the level of sustainable development in agriculture. Data envelopment
analysis measures production efficiency from the perspectives of input and output, and its results also include
slack variables for calculating inefficiency with relatively small errors. But, the degree of relationship between
input variables and output variables was not considered. Therefore, this article draws on the calculation method
of Zhang et al.** for the sustainable development of agriculture in China and selects the entropy weight method,
an objective weighting method. The weight of each indicator is determined based on the degree of variation of
its values, which is more scientific and practical.

Analysis of calculation results of agricultural sustainable development level

The above has given the calculation method and index system of agricultural sustainable development level
and the data source. After calculation, this paper obtains the sustainable development level of agriculture in 30
regions of China from 2006 to 2020.

Table 2 shows that, on the whole, China’s agricultural sustainable development level shows two characteristics:
first, the overall level of sustainable agricultural development shows an upward trend. The level of sustainable
agricultural development in all regions in 2020 is higher than in 2006. The average growth rate in Shanghai was
13.36%. Among them, the average growth rate of agricultural sustainable development level in 11 regions is more

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Anhui 0126 |0.130 [0.136 [0.145 |0.142 |0.147 |0.155 |0.159 |0.167 |0.168 |0.177 0.8 |0.191 |0.198 [0.2I1
Beijing 0141 |0.153 [0164 [0175 |0.182 |0.184 |0.188 |0.197 [0203 |0234 |0241 |0260 |0.272 |0285 |0.285
Fujian 0.133 |0.142 |0.155 |0.159 |0.164 [0.180 |0.87 |0203 [0.208 |0216 [0234 [0243 |0258 |0.272 |0273
Gansu 0.108 |0.098 |0.06 |0.108 |0.07 [0.106 |0.115 |0.111 |0126 |0.133 [0125 [0134 |0.137 |0151 |0.155
Guangdong 0.141 |0152 |0.156 |0.162 |0.167 [0.180 |0.187 |0.18 |0.196 |0206 |0.208 |0225 |0240 |0.245 |0.255
Guangxi 0136 |0.138 |0.133 |0147 |0.145 [0.157 |0.153 |0.171 [0177 |0.178 |0.81 |0.185 |0202 |0.205 |0.211
Guizhou 0162 [0.165 |0.150 |0.167 |0173 |0.166 |0.170 |0.177 |0.191 [0.189 |0204 0220 [0.225 |0251 |0.283
Hainan 0.119 |0.110 |0.118 |0126 |0.136 [0.130 |0.160 |0.172 [0.172 |0.184 [0.184 [0220 |0221 |0.237 |0.248
Hebei 0165 |0.162 0162 |0171 |0.176 [0170 |0.179 |0.191 [0.186 |0201 [0.195 [0.198 |0209 |0.215 |0.222
Henan 0139 |0.140 |0.136 |0.149 |0.138 [0.153 |0.163 |0.167 |0.168 |0.168 [0.182 [0.177 |0.189 |0.198 |0213
Heilongjiang 0.198 |0.179 0208 |0.208 |0214 [0222 |0230 |0231 |0.254 |0253 [0264 |0279 |0283 |0.298 |0.348
Hubei 0116 |0.111 |0.127 |0126 |0.142 [0.157 |0.166 |0.172 [0.172 |0.194 [0.185 [0200 |0213 |0232 |0233
Hunan 0143 |0155 |0.158 |0.160 |0.166 |0.177 |0.168 |0.196 |0.195 |0.193 [0.204 |0204 |0209 |0237 |0.230
Jilin 0.155 |0.169 |0.157 |0.163 |0.18 [0.197 |0.198 |0.193 |0213 |0206 |0.220 |0228 |0240 |0246 |0.259
Jiangsu 0152 |0.164 |0.161 |0175 |0.192 [0.188 |0228 |0229 |0.230 |0249 [0.251 |0260 |0293 |0285 |0.294
Jiangxi 0181 |0.158 0170 |0.193 |0.197 [0198 |0.195 |0.197 [0.191 |0.199 [0.204 [0225 |0225 |0232 |0233
Liaoning 0.163 |0.146 |0.164 |0.167 |0.162 [0207 |0.199 |0.198 |0.202 |0205 [0.206 |0240 |0213 |0222 |0.220
Inner Mongolia 0180 |0.192 0210 |0.204 |0209 [0202 |0217 |0214 |0220 |0223 [0.243 |0240 |0257 |0259 |0.298
Ningxia 0208 |0203 0202 |0.188 |0219 [0203 |0.19 |0208 |0.201 |0209 [0.228 |0212 |0231 |0223 |0.268
Qinghai 0215 |0237 0228 |0202 |0.176 [0.188 |0.181 |0.178 [0.185 |0.199 [0.197 [0.197 |0.197 |0.246 |0.283
Shandong 0153 |0.161 |0.145 |0181 |0.168 [0.161 |0.84 |0.169 |0181 |0222 [0192 |0205 |0.195 |0237 |0.198
Shanxi 0187 |0178 |0.181 |0149 |0.171 [0.161 |0.69 |0.170 |0.188 |0.18 [0.180 |0.161 |0.196 |0.197 |0.194
Shaanxi 0190 |0.169 0201 |0.184 |0.176 [0.201 |0.85 |0.191 |0237 |0206 [0.214 |0207 |0251 |0215 |0.238
Shanghai 0.186 [0.197 |0.182 |0216 |0.209 |0223 |0235 |0433 |0437 |0413 |0423 0465 [0498 |0516 |0.533
Sichuan 0138 |0.162 [0.158 [0.146 |0.171 |0.155 |0.162 |0.208 |0.184 |0.194 |0.194 |0236 |0.198 |0224 |0.257
Tianjin 0196 |0.171 [0193 [0.185 |0.187 |0.205 |0225 |0.228 |0245 |0230 |0.261 |0265 |0.252 |0265 |0.280
Xinjiang 0.146 |0.168 |0.152 |0161 |0.179 |0203 |0.198 |0226 |0.179 |0224 |0232 |0221 [0.235 |0247 |0.233
Yunnan 0.158 |0.143 |0.166 |0.147 |0.150 [0.192 |0.169 |0.180 [0.172 |0219 [0.161 |0.197 |0223 |0241 |0.228
Zhejiang 0218 |0.195 0201 |0.224 |0260 [0257 |0272 |0237 [0.292 |0306 [0301 [0318 |0331 |0314 |0.348
Chongging 0123 |0152 0131 |0.145 |0.185 [0.166 |0.180 |0.171 |0.224 |0.169 [0.198 |0233 |0247 |0237 |0227
Table 2. The sustainable development level of agriculture in 30 regions of China from 2006 to 2020.
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than 5%. The five regions with the most significant average growth rate are Shanghai, Hainan Province, Fujian
Province, Beijing, and Hubei Province, which are 13.36%, 7.69%, 7.45%, 7.25%, and 7.22%, respectively. Table 2
shows that except for Hubei Province, the other four regions are nongrain-producing areas, especially Shanghai
and Beijing. The high level of economic development drives agriculture’s green and healthy development. Hainan,
Fujian, and other regions started agricultural development late and lagged behind the “big army” considerably.
However, driven by the sustainable development of agriculture in China and the acceleration of the inflow of
agricultural production factors, there has been relatively rapid growth. Second, the current level of sustainable
agricultural development in China is still low. The five regions with the lowest level of sustainable agricultural
development in 2020 are Gansu Province, Shanxi Province, Shandong Province, Guangxi Province, and Anhui
Province, which are 0.1547, 0.1944, 0.198, 0.2108, and 0.211 respectively. Shandong and Anhui are the main
grain-producing areas, and other provinces are also central agricultural production provinces. Still, the level of
sustainable agricultural development lags behind other regions.

The sustainable development of agriculture in China is slow and has many constraints. At the same time,
regional growth is uneven, the level of sustainable agricultural development varies significantly between regions,
the level of sustainable agricultural development in more developed cities remains at a high level, and the level
of sustainable agricultural development in underdeveloped areas, especially in major grain-producing regions,
remains at a low level.

Empirical study on the impact of land process policy on the level of sustainable
agricultural development

Model construction and variable description

With the gradual digestion of the enthusiasm for agricultural production released by the household contract
responsibility system, China has gradually shifted from a “small peasant economy” to large-scale agricultural
production. In this process, transferring rural land management rights has become the key to further improving
China’s rural land system and promoting sustainable agricultural development. Zhongfa [2010] No.1, issued by
the Chinese government in 2010, clearly stated that “we will promote the reform of the rural land management
system in an orderly manner and accelerate the registration and certification of rural collective land ownership,
homestead use rights, and collective construction land use rights” With the gradual improvement of the relevant
land transfer system, the interests of both sides of the land transfer have been guaranteed to a large extent. After
2010, the scale of land transfer in China increased substantially, and there is heterogeneity in different regions
and whether they are the prominent grain-producing areas. Therefore, this paper uses the DID method to con-
duct empirical research to reduce the endogenous problems caused by selective bias and reverse causality (Beck
et al.’®). When the sample size is small, traditional statistical techniques may lead to incorrect inference due to
autocorrelation. Based on previous research, this article uses Bootstrap sampling to increase sample size and
correct the bias of small sample double difference models (Bertrand and Mullianathan®). Bootstrap sampling
is a commonly used statistical method. It constructs multiple similar resampled datasets by extracting samples
with replacements from the original dataset. Thus simulating random variability and conducting statistical
analysis on each resampled dataset.

However, the explanatory variable land transfer scale is not a binary virtual variable. Here, drawing on the
research methods of Nunn and Qian*®, we use the continuous DID method to estimate the impact of land transfer
policy on sustainable agricultural development and use continuous variables to distinguish the treatment group
and the control group. This article takes regions with land transfer scales more significant than the average as the
treatment group. At the same time, areas with lower than average land transfer scale will be considered control
groups. This article uses the agricultural sustainable development level calculated above as a variable to measure
the effectiveness of policies. 2010 is the implementation time of the policy. Then, N control and M experimental
groups were randomly and independently selected from the sample. A random algorithm determines the number
of samples. Finally, a continuous double difference model regresses the extracted sample data. See Eq. (1) for
the specific model setting:

ASDjy = o + BoLT it X Py + B1Xip + i + 0 + it (1)

Among them,ASDj; is the explained variable, that is, the level of sustainable agricultural development in the
t-Year and i-region,LT;; x P is the explanatory variable, LT is the continuous variable land transfer scale, P; is
the virtual variable at the policy time point, when t > 2010,P;=1, when t < 2010,P;=0; X;; are control variables,
they are industrial structure (is), urbanization level (ude), energy structure (eng), and grain economy ratio (fsc);
i is the fixed-year effect; 6, is individual fixation; &, is a random error term.

(1) Explanatory variable: The effect of land transfer policy, expressed by the intersection of the virtual vari-
able of policy time point and land transfer scale (LT;; x Py), the cultivated land area in different regions is
different, and only the transfer area representing the degree of land transfer is not comprehensive enough.
Hence, this paper takes the ratio of land transfer area to total cultivated land area as the scale of land transfer
(LT).

(2) Explained variable: Agricultural sustainable development water (ASD), which involves agricultural econ-
omy, rural resources, and other aspects. In the previous part of this paper, the sustainable development
level of regional agriculture in China from 2006 to 2020 is estimated. The calculation results are shown in
Table 2, which will not be repeated here.

(3) Control variables: The control variables selected in this paper are as follows: industrial structure (is) reflects
the process of transformation of regional industrial structure from a low level to a high level, which is
expressed in this paper by (added value of tertiary industry +added value of secondary industry)/added
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value of primary sector; The level of urbanization (urb) reflects the progress of urban civilization and the
gap between urban and rural development. This paper uses the ratio of the permanent urban population
to the total permanent population of the region to measure. Energy structure (ene) is an essential part of
energy system engineering research, which directly affects the final energy consumption mode of various
departments of the national economy and reflects people’s living standards. This paper uses the ratio of
regional coal consumption to total energy consumption. Agricultural structure ( fsc) demonstrates the
production structure of farm products, expressed as the ratio of grain planting area to the entire planting
area of cash crops. The higher ratio indicates that the development of the agricultural economy in this
region depends more on grain production.

(4) Instrumental variable: the continuous dual difference method may have a biased and inconsistent estimation
coeflicient, so in the following, we try to alleviate the possible endogenous problem through the instrumen-
tal variable method. We use limited agricultural production capacity (apc) and employment personnel in
agricultural and urban units (eau) as a tool variable. The farm production capacity calculation formula is
the agricultural added value/total added value of agriculture, forestry, animal husbandry, and fishery.

The explanatory variables of the continuous DID model have been calculated previously. The data relating
to the scale of land transfer and the cultivated land area contracted by households are from the national rural
economic statistics and the annual report of China’s rural management statistics, which are calculated. The
control variables come from the China Statistical Yearbook, China Urban Statistical Yearbook, China Energy
Yearbook, and China Economic and social development statistical database from 2006 to 2020. Some indicators,
such as industrial structure and urbanization level, are calculated according to the statistical data. The descriptive
statistics of the main variables are shown in Table 3.

Empirical results

Analysis of benchmark regression results

Before baseline regression, we used the variance inflation factor test to rule out the possibility of multiple col-
linearities of explanatory variables. Table 4 shows the benchmark regression results of the impact of land transfer
policies on sustainable agricultural development. Model (1) and model (3) are the benchmark regression results of
common standard error and robust standard error, respectively, and model (2) and model (4) are the benchmark
regression results of common standard error and robust standard error after adding control variables.

According to the regression results in Table 4, no matter which model, the land transfer policy will positively
impact sustainable agricultural development. However, to avoid the inconsistency of results caused by hetero-
scedasticity, it is more accurate to use robust standard error regression with control variables. The benchmark
regression results of model (4) show that the coefficient of explanatory variables (LTi; x Py) is significantly posi-
tive at the 10% level, with a coefficient of 0.0006. It shows that the land transfer policy can improve sustainable
agricultural development. The land transfer system has been further enhanced to protect the interests of both
sides of the transfer, the scale of land transfer has increased substantially, the process of large-scale agricultural
production has been accelerated, and the rural surplus labor force can be released. Advanced production tech-
nologies and concepts can be introduced to promote the sustainable development of agriculture.

In model (4), the control variables industrial structure, urbanization level, and agricultural structure positively
impact sustainable agricultural development, with coeflicients of 0.0011, 0.3384, and 0.0024, respectively, and
all of them passed the significance test of 1%. The sustainable development of agriculture is affected by many
factors, such as upgrading industrial structure, which reduces the proportion of agricultural added value in total
GDP. §till, the rapid development of the secondary and tertiary industries will feed back agriculture, promote
the efficiency of agricultural production, and promote the low-carbon development of agriculture.

Effectiveness analysis of the DID method

The previous paper used the continuous DID regression model to verify that the land transfer policy will promote
sustainable agricultural development. One of the most critical assumptions of the dual difference model is to
meet the parallel trend assumption. That is, before the implementation of land policies, the level of sustainable
agricultural development in different regions had a standard change trend. Next, this paper uses the parallel
trend hypothesis test and the balance test to analyze the effectiveness of the did method.

Average value | Standard deviation | Min | Max

LT 2.368 3.032 0.110 33.660
ASD 0.200 0.056 0.098 0.533
is 23.36 51.06 2.29 372.67

ude 0.553 0.137 0.270 0.940
eng 0.738 0.143 0.039 0.940
fsc 2.924 3.837 0.490 33.190
g 0.525 0.085 0.338 0.746

Table 3. Descriptive statistical analysis.
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Common standard
error Robust standard error
1) (2) (3) 4)
LT:, x P 0.0033*** 1 0.0015"** | 0.0032*** 0.0006*
s (14.22) (6.65) (8.24) (1.78)
is 0.0009*** 0.0011%**
(14.27) (4.27)
urb 0.2032%** 0.3384%**
(7.55) (7.27)
en 0.0497* 0.0532
g (1.86) (0.71)
fic 0.0026*** 0.0024%**
(3.47) (3.86)
Cons 0.1620%** 0.0047 0.1619** —0.0660
(21.38) (0.17) (36.08) (-0.99)
Control variable No Yes No Yes
Time effect Yes Yes Yes Yes
Provincial effect Yes Yes Yes Yes
R-squared 0.3271 0.6594 0.3271 0.6759
N 450 450 450 450

Table 4. Benchmark regression results. The values in parentheses are for t value. ***, **, and * represent the
significance levels of 1%, 5%, and 10% for the regression results, respectively. Tables 5, 6, and 7 are the same.

Parallel trend hypothesis test

Considering that the implementation of land transfer policy lags and the implementation effect also needs to
be digested year by year, this paper constructs a model to test the parallel trend hypothesis, and the test model
is shown in formula (2).

10
ASDiy = o + H arQr + BoXit + i+ 0 + &y (2)

t>—4

Among them, Q; is the implementation year of the land transfer policy. Because the benchmark regression
model in this paper selects continuous DID and the explanatory variable is not virtual, the explanatory variable
needs to be converted into a virtual variable when conducting the balanced trend test. Here, Q is set as the
virtual variable for the implementation of the land policy in 2010,Q_; is the year before the implementation of
the policy, and Q; is the year after the implementation of the policy. X is control variables, they are industrial
structure (is), urbanization level (ude), energy structure (eng), and grain economy ratio (fsc); y; is the fixed-year
effect; 6 is individual fixation; €; is a random error term.

To avoid multicollinearity, we take the year before the implementation of the policy as the benchmark group
and lose 2009 in the regression to estimate the regression coefficient from 2006 to 2020, that is, {B_s, P_5 Po> B1>
B2 B2 B3> Bas Bs> B Br> Bss Bo» Bio)» then draw the value and confidence interval of the regression coefficient in the
chart. The specific steps are as follows: first, the regression results (mainly including regression coefficient and
standard error) are derived, and then the regression results are sorted out, and then the confidence intervals of
each interaction coefficient are calculated. Finally, Stata software draws the value and confidence interval of the
regression coefficient. Figure 3 shows the results of the parallel trend hypothesis test.

As can be seen from Fig. 2, before 2010, the coeflicient of the interaction term was basically around 0, espe-
cially when the 95% confidence interval included 0. After 2010, it was apparent that the regression coefficient was
more significant than 0, and the 95% confidence interval was above 0. It shows that before the implementation
of the land transfer policy, the degree of land transfer and the level of sustainable agricultural development did
not show a heterogeneous time trend, and the significance is not vital. That is to say, the relationship between the
degree of land transfer and sustainable agricultural development is constant over time. After implementing the
policy, the impact of the land transfer policy on sustainable agricultural development is significantly positive. The
effect of land transfer policy on agricultural sustainable development gradually increases with the implementa-
tion, which shows that the impact of land transfer policy on agricultural sustainable development is delayed
and sustained. In the early stage of the implementation of the land transfer policy, The effect of the expansion of
the land transfer scale is mainly reflected in the increase of agricultural production efficiency, which is only one
aspect of sustainable agricultural development. To sum up, the test results of the equilibrium trend hypothesis
given in Fig. 2 prove that the continuous DID regression model meets the equilibrium trend hypothesis, and the
implementation of the land transfer policy has sustainability and lag, which also helps to prove the benchmark
regression results given in Table 4 to a certain extent.

Balance test
The above verifies that the model meets the equilibrium trend hypothesis, but when using the continuous did
model for empirical analysis, there may also be a self-selection problem of land transfer, that is, whether the land
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Figure 2. Parallel trend hypothesis test results.
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Figure 3. The standard range of propensity scores.

contractor carries out the land transfer is not strictly exogenous, but also affected by family labor structure, non-
farm income, their education, region, children’s occupation and other factors, which may lead to self-selection
bias. As a result, the estimated results are biased. Therefore, to reduce the bias of DID estimation, this paper
further uses the propensity score matching method (PSM) to correct the possible selectivity bias and conduct a
balance test. Figure 3 shows the distribution of propensity scores in the experimental and control groups.

As can be seen from Fig. 3, after matching, the standardization deviation of almost all covariables has
decreased significantly, indicating that the standard deviations of explanatory variables are less than 10%, and
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(1) (2)
oo o
Cons 0.1779%* | 0.1592***
(18.40) (17.15)
Control variable Yes Yes
Time effect No Yes
Provincial effect No Yes
R? 0.1778 0.4429
Overidentification test results | p=0.5916 | p=0.8108
N 450 450

Table 5. Two-stage regression results using instrumental variables.

the t-test results are not significant, so it has passed the joint test. The study found that after pairing, there was no
significant difference in each index between the experimental froup and the control groups. After the matching,
the absolute value of the standard deviation of each variable has decreased significantly, and the distribution of
each variable between the experimental group and the control group tends to be balanced, indicating that the
matching quality is relatively high and can meet the equilibrium hypothesis. As shown in Fig. 3, all observa-
tions meet the standard of tendency score, and only a few samples are lost in pairing. The results showed that
after treatment, the propensity scores of both the experimental and control groups improved, indicating that
the matching quality of the two methods was higher. The study found that before the implementation of the
agricultural land transfer system and before the implementation of the two stages, the data of each stage have
gone through a balanced test, indicating that the method proposed in this paper is feasible.

Endogenous test

The above analysis only uses the continuous DID regression model, which can not avoid the potential endogenous
problems in the model; there may be missing variables, and the previous empirical results may not be accurate
enough. Although this paper considers the complex factors affecting sustainable agricultural development and the
non-observational factors that are variable or immutable over time in calculating and demonstrating sustainable
agricultural development, the factors affecting the level of sustainable agricultural development are complex.
It may still be challenging to characterize and measure factors, such as the differences in institutional policies
applicable to local governments. The control variables can not completely effectively prevent the existence of
missing variables. Therefore, to further verify the reliability of the benchmark regression results, this paper
selects the ratio of agricultural added value to the total added value of agriculture, forestry, animal husbandry,
and fishery, and employment personnel in agricultural and urban units as the instrumental variable of the land
transfer scale. The reason is that in terms of correlation, in areas with the same level of urbanization and agri-
cultural development, the higher the proportion of narrow agricultural added value, the more Farmers in the
region are willing to transfer land. At the same time, non-rural residents are more inclined to move to land for
large-scale production. Land transfer: the larger the transfer scale, the more agricultural and urban units need
to employ people. Considering that instrumental variables need to meet the externality, although the purchase
price of grain is affected by market supply and demand, the grain price regulation policy implemented by the
Chinese government to protect the interests of farmers and ensure the supply of grain market implements the
minimum purchase price in the prominent grain producing areas when necessary, which provides that the cost
of agricultural products is not different in different regions. Hence, the proportion of agricultural added value
in a region depends on the local natural factor endowment. It will not directly impact sustainable agricultural
development. There is also no correlation between the employment of agricultural and urban units and the level
of sustainable agricultural development. So, it meets the exogenous requirements of instrumental variables. The
instrumental variables’ data sources and descriptive statistical analysis have been given above. Then, we use the
two-stage least square method to test the endogenous nature of the model. Table 5 shows the estimated results
of the instrumental variables, including the first-order and second-order regression results.

According to the results of Table 5, in the weak tool test of model (1) and model (2), the p-value of F statistics
of kleibergen Paaprk LM is significant at 1%. The F statistics are all above 10, which exceeds the threshold of the
weak discriminant test. In the over-recognition test, the p-values of model (1) and model (2) were 0.5916 and
0.8108, respectively. Therefore, accept the original assumption. It indicates that the narrow agricultural produc-
tion capacity and the exogenous employment of agricultural and urban units are unrelated to the disturbance
term. Therefore, it is reasonable for this article to choose agrarian production capacity agricultural, and urban
unit employment as instrumental variables for land transfer scale.

Furthermore, the estimated coeflicients for narrow agricultural production capacity and agricultural urban
unit employment in the first stage are 0.0133 and 5.490, respectively. And it passed the significance test at the 5%
level. It also indicates that there is a correlation between instrumental variables and explanatory variables. The
estimated coefficients of the explanatory variables for model (1) and model (2) in the second stage estimation
results are 0.0101 and 0.0131, respectively, with positive values. And they passed the significance level tests of
5% and 1%, respectively. Considering the endogenous, the land transfer policy will still promote the sustainable
development of agriculture. Compared with the benchmark regression, the results of the instrumental variable
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Policy time: 2009 Policy time: 2018

Common standard error (1) Robust standard error (2) Common standard error (3) Robust standard error (4)
LT:: x P 0.0014 —0.0030 0.0009 —0.0018

pes (0.89) (-0.74) (0.73) (-1.34)

—0.0552 —0.0826 —-0.0514 —0.0873
Cons

(-1.16) (-1.42) (-1.21) (-1.41)
Control variable Yes Yes Yes Yes
Time effect Yes Yes Yes Yes
Provincial effect Yes Yes Yes Yes
R-squared 0.6567 0.6796 0.6581 0.6776
N 450 450 450 450

Table 6. Placebo test results.

regression have not changed substantially, and the instrumental variable regression further proves the conclu-
sion of the benchmark regression.

Robustness test

Placebo test

The above empirical conclusions show that this method has successfully overcome the assumption and endo-
genesis of parallel tendency. However, this does not fully explain how the trend between the two control groups
will change after different policy intervention times. And how other related policies or random factors will
change. In response, we have to do some placebo tests. The central idea of the placebo trial is to estimate a hypo-
thetical treatment group or hypothetical treatment cycle. Suppose the regression results of the estimates under
the fictitious treatment group or the fictitious policy time are insignificant. In that case, it can be said that the
original estimates have passed the placebo test, and the land transfer policy can promote agriculture’s sustainable
development. Next, we learn from the practices of Shi** and Li et al.*’ scholars to fabricate the policy time for the
placebo test, and Table 6 gives the results of the placebo test.

Placebo test (D: the essence of the placebo test has been analyzed in detail above to prove no significant differ-
ence in green innovation behavior between the experimental and control groups before the policy shock. There-
fore, the year before the policy implementation is set as the policy implementation year of the treatment group.
The same fixed time and province effects were used, using the same control variables as the baseline regression.
And then the continuous DID model regression is carried out. The results show that whether it is the general
standard error regression result of the model (1) or the robust standard error regression result of the model (2),
the coefficient of the core explanatory variable land transfer policy has not passed the 10% significance level test.
The estimated results are consistent with the expected results. It can be excluded that the trend changes of the
treatment and control groups after the land transfer policy are affected by other policies or random factors. The
coeflicient of explanatory variables was not significant and passed the placebo test.

Placebo test @): To further eliminate other policy interference, the time point of the land transfer policy will
be changed to 2018. The same fixed time and province effects were used, using the same control variables as the
baseline regression. Then, the continuous DID model regression is carried out. The results show that the coef-
ficient of land transfer policy, the core explanatory variable, has not passed the 10% significance level test, and the
estimated results are consistent with the expected results. Excluding other policy disturbances, the benchmark
estimated results are credible and have passed the placebo test.

Robustness test

Sustainable agricultural development is affected by many factors, such as changes in rural population structure
and economic development stage, which will fluctuate. Therefore, to ensure the rigor of the demonstration, this
paper tests the robustness of the continuous did model again and makes a simple analysis by deleting the data
of the policy year and controlling variables lagging behind one period. The results of the robustness test are
shown in Table 7.

(D Delete the data of the policy year. Model (1) and model (2) in Table 7 are the regression results of continu-
ous DID common standard error and robust standard error after deleting the data in 2010, respectively. It can
be seen that the regression coeflicient of the land transfer policy is significantly positive, and both are significant
at the 5% level, which is consistent with the benchmark regression results in Table 4. The regression results after
deleting the data of the policy implementation node do not deviate much, indicating that the empirical results
are stable.

(@ The control variable lags by one period. Table 7, model (3), and model (4) are the regression results of
continuous DID common standard error and robust standard error with control variables lagging one year,
respectively. It can be seen that the regression coefficient of the land transfer policy is 0.002 and 0.0026, respec-
tively, which is significant at the 5% and 1% levels, respectively. It is also basically consistent with the benchmark
regression results in Table 4. The regression results of control variables lagging behind one period do not deviate
much, indicating that the empirical results are robust.
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Delete 2010 data Control variables lag by one period
Common standard error (1) Robust standard error (2) Common standard error (3) Robust standard error (4)
LTi, x P, 0.0020** 0.0022** 0.002** 0.0026%**
g (2.49) (2.50) (2.55) (2.97)
Cons —0.0524* —0.0804*** —-0.0392 —0.0763***
(-1.87) (-2.83) (-1.42) (-2.72)
Control variable Yes Yes Yes Yes
Time effect Yes Yes Yes Yes
Provincial effect Yes Yes Yes Yes
R-squared 0.6530 0.6776 0.6317 0.6630
N 420 420 420 420

Table 7. robustness test results.

Heterogeneity analysis

Heterogeneity analysis can help reveal potential patterns and trends in the dataset. We discover their differences
and patterns by comparing data from different subpopulations or under different conditions. Then, obtain more
comprehensive and accurate information. Due to other agricultural practices, cultural differences, or economic
development levels, land transfer policies may impact different regions. Therefore, this article conducts hetero-
geneity testing. Firstly, based on geographical location, the 30 provinces are divided into the eastern, central,
and western regions. Conduct slight sample random continuous double difference regression separately. The
control variables are the same as those of the benchmark regression model. The results are shown in Table 8.
In addition, there are a total of 13 prominent grain-producing areas in China, namely Heilongjiang, Henan,
Shandong, Sichuan, Jiangsu, Hebei, Jilin, Anhui, Hunan, Hubei, Inner Mongolia, Jiangxi, and Liaoning. The
prominent grain-producing areas include 100 central grain-producing counties. According to whether it is
a major grain-producing area, 30 provinces are divided into two categories: main grain-producing areas and
non-major grain-producing areas. And further verify heterogeneity. The regression results are shown in Table 8.

From Table 8, it can be seen that the regression coeflicients for the eastern and western regions are positive.
The coefficients are 0.0023 and 0.0043, respectively. They passed the 10% and 5% significance tests, respectively.
The effectiveness of land transfer policies in the central region is higher than in the eastern region. The central
region usually has relatively rich agricultural and land resources.

In contrast, the eastern region is densely populated and has relatively limited land resources. Agriculture is
more developed in the central area, and implementing land transfer policies makes it easier to promote the opti-
mal allocation and development of resources. The regression results in the western region did not pass the 10%
significance test. Therefore, it is impossible to determine the effectiveness of land transfer policies in the Western
region. The western region usually has geographical and natural limitations such as complex terrain, numerous
mountainous areas, and scarce water resources. These factors lead to significant difficulties in land use and cir-
culation. At the same time, it is not conducive to the implementation and effectiveness of land transfer policies.

Table 9 shows that the positive effect of land transfer policies in prominent grain-producing areas on sus-
tainable agricultural development has passed the 1% significance test. The coefficient is 0.0057. In contrast, the
impact of land transfer policies in non-grain-producing areas on sustainable agricultural development cannot
be entirely determined. The prominent grain-producing regions have a relatively complete agricultural industry
chain and agricultural product market system. Collaborative cooperation in planting, processing, and sales can
be achieved through land transfer. They were simultaneously forming a whole industrial chain. Therefore, it
promotes the value enhancement of agricultural product processing and sustainable agricultural development.

Economic zoning

(1) Eastern | (2) Central | (3) Western
pI> i | |Cree
Intercept —0.1466** 0.1886*** .0304

(-2.33) (2.87) (0.71)
Control variable Yes Yes Yes
Time effect Yes Yes Yes
Provincial effect Yes Yes Yes
R-squared 0.6770 0.7800 0.6034

Table 8. Geographical Location Heterogeneity Results.
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Grain zoning
(4) Major grain-producing area | (5) Non-major grain-producing areas
o o
Intercept 0.0639** —0.04471
(1.54) (-1.23)
Control variable | Yes Yes
Time effect Yes Yes
Provincial effect | Yes Yes
R-squared 0.8044 0.6015

Table 9. Results of Grain Location Heterogeneity.

Conclusions, policy recommendations, and research prospects

Conclusions

This article establishes a measurement index system for agricultural sustainable development based on panel
data from 30 regions in China from 2006 to 2020. In order to reduce endogeneity issues caused by selective bias
and reverse causal relationships, this article uses the continuous double difference method (Differences in Dif-
ferences) to empirically test whether land transfer policies can promote sustainable agricultural development.
The conclusion is as follows:

1

(2)

The sustainable development level of agriculture in China presents two characteristics. Firstly, the overall
level of sustainable agricultural development shows an upward trend. Secondly, the current level of sustain-
able agricultural development in China is still relatively low. Among the five regions with the lowest level
of sustainable agricultural development in 2020, Shandong and Anhui are the prominent grain-producing
regions, while other provinces are also significant producers of farm products. However, the level of sus-
tainable development in agriculture lags behind other areas.

Land transfer policies will have a positive impact on sustainable agricultural development. The land transfer
system has been further improved to ensure the interests of both parties involved. The significant increase
in land transfer has accelerated the process of large-scale agricultural production. At the same time, it
can release surplus rural labor, introduce advanced production technologies and concepts, and promote
sustainable agricultural development.

Policy recommendations

The above results show that land transfer policy can promote sustainable agricultural development. At this stage,
China has not yet completed industrialization, and urbanization is still in an unstable population spatial structure.
Therefore, this paper puts forward specific policy suggestions as follows:

1

(2

3)

Improve the land transfer market and protect the interests of farmers. In 2016, the Chinese government
issued opinions on improving the separation of rural land ownership contracting rights and management
rights, dividing rural land contracting rights into contracting and management rights, and implementing
the separation of ownership, contracting rights, and management rights. China’s land transfer policy has
been relatively perfect, and the land transfer market needs to be improved simultaneously. The government
can strengthen the supervision of the land transfer market to ensure the fairness, fairness, and security of
transactions. At the same time, a series of measures can be taken to encourage the transfer, such as provid-
ing free land information, reducing transfer fees, increasing financial support, and so on. We also need to
support the development of land management entities. The government can encourage the development
of land management entities and improve their management level and competitiveness through financial
support and preferential taxation. At the same time, the government establishes a sound land transfer
contract system to protect farmers’ land contract rights, transfer rights, and income rights, prevent the
improper or unreasonable distribution of interests in land transfer, and safeguard farmers’ legitimate rights
and interests.

Strengthen agricultural production services and increase land trusteeship services. The ultimate purpose
of the land transfer policy is to improve the efficiency of agricultural production and maintain the farm
production environment. Therefore, to better play the positive effect of land transfer policy and promote
sustainable agricultural development, the government can strengthen agricultural technology training,
scientific and technological innovation, and agricultural information construction, improve the efficiency
and quality of agricultural production, and further improve the income level of farmers. In addition, the
government should establish a sound land trusteeship mechanism, strengthen the supervision and services
of land trusteeship, ensure the protection and effective use of land resources, and improve farmers’ land
income. Meanwhile,

Promote the adjustment of agricultural structure and promote agricultural technological innovation. The
core of sustainable agricultural development is structural adjustment and technological innovation. The
government should encourage the structural adjustment of agriculture and realize the upgrading and
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transformation of agriculture by reforming the land system, strengthening rural land transfer, optimizing
the structure of cultivated land, and promoting efficient and water-saving agriculture. Technological inno-
vation requires a lot of investment. A small peasant economy dominates China’s agriculture and lacks large
farmers to develop new technologies. Therefore, the government should increase support for agricultural
technological innovation, strengthen the training of scientific and technical talents and investment in
scientific and technical research and development, encourage farmers to improve agricultural production
efficiency and quality through scientific and technological innovation and reduce environmental pollution.

(4) Improve the efficiency of rural resource utilization and improve the environmental protection system.
First, measures should be taken to promote the efficiency of agricultural production and the efficiency of
resource utilization. For example, we should develop organic agriculture, Nongjiale tourism, and circular
agriculture, reduce the use of non-renewable resources such as pesticides, fertilizers, and water, and improve
the efficiency of resource recovery and reuse. Secondly, we should establish a sound ecological protection
system and supervision mechanism, protect natural resources such as water, soil, gas, and light needed for
agricultural production, reduce the impact of agricultural production on the environment, and achieve
sustainable agricultural development. Thirdly, we should increase policy guidance and economic support
for sustainable agricultural development, encourage farmers and enterprises to participate in sustainable
agricultural development through fiscal and tax support and financial support and convey the concept of
sustainable agricultural development to consumers.

Research outlook

Currently, the constraints on water and soil resources in China are tightening daily, and the degradation of the
agricultural ecosystem is apparent. It is urgent to formulate relevant policies to promote sustainable agricultural
development. In this context, taking sustainable agricultural development as the research object, it is significant
to study the impact of land transfer policy on sustainable agricultural development. However, there are still
some defects in this paper. First, in calculating sustainable agricultural development, this paper only considers
quantifiable indicators and obtains relevant data from the statistical yearbook and the official website of the
Bureau of Statistics. Non-quantifiable indicators, such as environmental carrying capacity, sustainable develop-
ment capacity of resources, barren degree of land, and so on, are not included in the index system. In this way,
the index system of sustainable agricultural development is not perfect and comprehensive, so the following
research will focus on the indicators that are difficult to quantify, find effective ways to incorporate them into the
index system, and further improve the calculation and study of sustainable agricultural development; Secondly,
due to the limited availability of data and the lack of suitable methods, this article did not conduct an extended
research on the lag and continuity of land transfer policies in promoting sustainable agricultural development.
The author will continue to search for appropriate methods and data to demonstrate further whether there is a
lag and continuity in the impact of land transfer policies on sustainable agricultural development.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author upon
reasonable request.

Received: 31 December 2023; Accepted: 16 March 2024
Published online: 25 March 2024

References

1. Alagh, Y. K. Agricultural trade and sustainable development. Indian J. Agric. Econ. 54(1), 1-5 (1999).

2. Wen, D. & Liang, W. Soil fertility quality and agricultural sustainable development in the black soil region of northeast China.
Environ. Dev. Sustain. 3, 31-43 (2001).

3. Zhou, S. Y. Constraints, dynamic mechanism and path selection of sustainable agricultural development in China. Acad. Exch.
04, 145-149 (2015).

4. Yuan, J. H. & Qi, C. J. Dynamic evaluation of agricultural sustainable development capacity in Hunan Province Based on entropy
method. Resour. Environ. Yangtze River Basin 22(02), 152-157 (2013).

5. Zhao, D. D. et al. Evaluation of agricultural sustainable development capability and analysis of subsystem coordination degree: A
case study of China’s major grain production regions. Econ. Geogr. 38(04), 157-163. https://doi.org/10.15957/j.cnki.jjd12018.04.
019 (2018).

6. Zhang, L. G. et al. Spatial exploratory analysis of sustainable agricultural development in China. Econ. Geogr. 39(11), 159-164.
https://doi.org/10.15957/j.cnki.jjdl.2019,11.019 (2019).

7. Liu, E & Ma, J. Analysis and forecast models for coordination degree of the agricultural sustainable development system. Syst. Sci.
Compr. Stud. Agric. (2003).

8. Poursaeed, A. et al. The partnership models of agricultural sustainable development are based on multiple criteria decision-making
(MCDM) in Iran. Afr. J. Agric. Res. 5(23), 3185-3190 (2010).

9. Ye, W. H. & Chen, L. R. Evaluation of agricultural sustainable development capability based on DEA method - Taking Yunnan
Province as an example. J. Shanxi Unive. (Philos. Soc. Sci. Edit.) 39(03), 97-103. https://doi.org/10.13451/j.cnki.shanxi (2016).

10. Miao, J. Q. et al. Comprehensive evaluation and empirical analysis of sustainable agricultural development in Hilly and mountain-
ous areas of southern China. Agric. Resour. Zoning China 42(08), 163-172 (2021).

11. Tang,J. E & Liu, J. L. Evaluation of provincial agricultural sustainable development level and its coupling and coordination analysis
- Take 11 provinces and cities in the Yangtze River economic belt as an example. Econ. Geogr. 42(12), 179-185. https://doi.org/10.
15957/j.cnki.jjdl.20222.12.019 (2022).

12. Adamopoulos, T. et al. Misallocation, selection, and productivity: A quantitative analysis with panel data from china. Econometrica
90(3), 1261-1282. https://doi.org/10.3982/ECTA16598 (2022).

13. Adenle, A. A, Azadi, H. & Manning, L. The era of sustainable agricultural development in Africa: Understanding the benefits and
constraints. Food Rev. Int. 34(5), 411-433. https://doi.org/10.1080/87559129.2017.1300913 (2018).

14. Besley, T. Property rights and investment incentives: Theory and evidence from Ghana. J. Political Econ. 103(5), 903-937 (1995).

Scientific Reports |

(2024) 14:7064 | https://doi.org/10.1038/s41598-024-57284-8 nature portfolio


https://doi.org/10.15957/j.cnki.jjdl2018.04.019
https://doi.org/10.15957/j.cnki.jjdl2018.04.019
https://doi.org/10.15957/j.cnki.jjdl.2019,11.019
https://doi.org/10.13451/j.cnki.shanxi
https://doi.org/10.15957/j.cnki.jjdl.20222.12.019
https://doi.org/10.15957/j.cnki.jjdl.20222.12.019
https://doi.org/10.3982/ECTA16598
https://doi.org/10.1080/87559129.2017.1300913

www.nature.com/scientificreports/

15. Chari, A. et al. Property rights, land misallocation, and agricultural efficiency in China. Rev. Econ. Stud. 88(4), 1831-1862 (2021).

16. Pang, Y. L. Innovation of agricultural land system and sustainable agricultural development. Agric. Econ. 06, 41-42 (2000).

17. Hu, Y. Q. Innovation of agricultural land transfer system and sustainable development of agriculture in China. Acad. Monthly
43(09), 70-73. https://doi.org/10.19862/j.cnki.xsyk.2011.09.011 (2011).

18. Restuccia, D. & Santaeulalia-Llopis R. Land misallocation and productivity. NBER Working Paper, w23128 (2017).

19. Adamopoulos, T. & Restuccia, D. The size distribution of farms and intelligent productivity differences. Am. Econ. Rev. 104(6),
1667-1697 (2014).

20. Adamopoulos, T. & Restuccia, D. Land reform and productivity: A quantitative analysis with microdata. Am. Econ. J.: Macroecon.
12(3), 1-39 (2020).

21. Bolhuis, M. A., Rachapalli, S. R. & Restuccia, D. Misallocation in Indian agriculture. Natl. Bureau Econ. Res., w29363 (2021).

22. Xia, Y. L. & Zeng, E. S. The impact of China’s agricultural land transfer system on sustainable agricultural development. Tech. Econ.
34(10), 126-132 (2015).

23. Li, H. & Zhu, J. Property rights and land quality. Am. J. Agric. Econ. https://doi.org/10.1111/ajae.12440 (2023).

24. Fei, R, Lin, Z. & Chunga, ]. How land transfer affects agricultural land use efficiency: Evidence from China’s agricultural sector.
Land Use Policy 103, 105300. https://doi.org/10.3390/agriculture13091667 (2021).

25. Yang, H. et al. Does land transfer enhance the sustainable livelihood of rural households? Evidence from China. Agriculture 13(9),
1667. https://doi.org/10.3390/agriculture13091667 (2023).

26. Cao, H. et al. The impact of land transfer and farmers’ knowledge of farmland protection policy on pro-environmental agricultural
practices: The case of straw return to fields in Ningxia, China. J. Clean. Prod. 277, 123701. https://doi.org/10.1016/j.jclepro.2020.
123701 (2020).

27. Tao, L. Land transfer, middle agricultural economy, and sustainable development of agriculture - An analysis based on H village
in Shandong Province. J. Yunnan Univ. Adm. 19(05), 33-38. https://doi.org/10.16273/j.cnki.53-1134/d.2017.05.004 (2017).

28. Yao, W. & Hamori, S. The long-run relationship between farm size and productivity: A re-examination based on Chinese household
aggregate panel data. China Agric. Econ. Rev. 11(2), 373-386 (2019).

29. Ying, L. et al. Rural economic benefits of land consolidation in mountain and hill areas of Southeast China: Implications for rural
development. J. Rural Stud. 74, 142-159 (2020).

30. Yang, Q. Land transfer: Realizing the coordinated development of urbanization and agricultural modernization. Acad. Exch. 02,
96-99 (2013).

31. Huang, S. A. & Xie, D. S. Industrial transformation and historical changes in rural land property rights system - a comparison
based on open field system to enclosure system and household contract responsibility system to separate three rights. China Econ.
History Res. 06, 167-182 (2022).

32. Jinpeng, J. Analysis of factors influencing agricultural sustainable development based on structural equation modeling. Stat. Decis.
Mak. 35(06), 146-148. https://doi.org/10.13546/j.cnki.tjyjc.2019.06.035 (2019).

33. Wenguang, D. et al. Evaluation and coupling coordination analysis of agricultural sustainable development in Gansu Province.
China Agric. Resour. Reg. 40(03), 61-69 (2019).

34. Jianqun, M., Mei, Z. & Guoqin, H. Comprehensive evaluation and empirical analysis of sustainable development of agriculture in
southern hilly and mountainous areas. China Agric. Resour. Reg. 42(08), 163-172 (2021).

35. Liguo, Z., Bingfei, B. & Shengsu, Y. Exploratory analysis of spatial sustainable development of agriculture in China. Econ. Geogr.
39(11), 159-164. https://doi.org/10.15957/j.cnki.jjd12019.11.019 (2019).

36. Beck, T., Levine, R. & Levkov, A. Big bad banks? The winners and losers from bank deregulation in the United States. J. Financ.
65(5), 1637-1667 (2010).

37. Bertrand, M., Duflo, E. & Mullainathan, S. How much should we trust differences-in-differences estimates?. Q. J. Econ. 119(1),
249-275 (2004).

38. Nunn, N. & Qian, N. The potato’s contribution to population and urbanization: Evidence from a historical experiment. Q. J. Econ.
126(2), 593-650 (2011).

39. Shi, D. Q. et al. Can intelligent city construction reduce environmental pollution?. China Ind. Econ. 06, 117-135. https://doi.org/
10.19581/j.cnki.Ciejournal.2018.06.008 (2018).

40. Li, Q. Y. & Zhang, Y. S. N. Financial openness and efficiency of resource allocation: Evidence from foreign banks entering China.
China Ind. Econ. 05, 95-113. https://doi.org/10.19581/j.cnki.Ciejournal.2021.05.016 (2021).

Acknowledgements
‘We want to express our gratitude to those who helped us while writing this article.

Author contributions

Conceptualization, C.H., and L.C.; methodology, C.H., and L.C; software, C.H., and L.C.; formal analysis, C.H.,
and L.C,; resources, C.H. and L.C.; data curation, C.H., and L.C; writing—original draft preparation, C.H., and
L.C.; writing—review and editing, C.H. and L.C.; supervision, C.H. and L.C; project administration, C.H. and
L.C. All authors have read and agreed to the published version of the manuscript.

Funding

This work was supported by Guangdong provincial philosophy and social sciences plan 2024 youth project (No.
GD24YY]J02), 2023 planning project for humanities and social sciences research in higher education institu-
tions in Jiangxi province (No. JJ23105) and the education science general project “14th five-year plan” of Jiangxi
provincial department of education (No.23YB267).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to L.C.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2024) 14:7064 | https://doi.org/10.1038/s41598-024-57284-8 nature portfolio


https://doi.org/10.19862/j.cnki.xsyk.2011.09.011
https://doi.org/10.1111/ajae.12440
https://doi.org/10.3390/agriculture13091667
https://doi.org/10.3390/agriculture13091667
https://doi.org/10.1016/j.jclepro.2020.123701
https://doi.org/10.1016/j.jclepro.2020.123701
https://doi.org/10.16273/j.cnki.53-1134/d.2017.05.004
https://doi.org/10.13546/j.cnki.tjyjc.2019.06.035
https://doi.org/10.15957/j.cnki.jjdl2019.11.019
https://doi.org/10.19581/j.cnki.Ciejournal.2018.06.008
https://doi.org/10.19581/j.cnki.Ciejournal.2018.06.008
https://doi.org/10.19581/j.cnki.Ciejournal.2021.05.016
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports|  (2024) 14:7064 | https://doi.org/10.1038/s41598-024-57284-8 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	The impact of land transfer policy on sustainable agricultural development in China
	Literature review and theoretical mechanism
	Literature review
	Research on the calculation of sustainable agricultural development


	Research on land transfer policy and sustainable agricultural development
	Theoretical mechanism
	Index system and construction of agricultural sustainable development level
	Index construction and data source
	Index construction
	Data sources and calculation method

	Analysis of calculation results of agricultural sustainable development level

	Empirical study on the impact of land process policy on the level of sustainable agricultural development
	Model construction and variable description
	Empirical results
	Analysis of benchmark regression results

	Effectiveness analysis of the DID method
	Parallel trend hypothesis test
	Balance test
	Endogenous test

	Robustness test
	Placebo test
	Robustness test

	Heterogeneity analysis

	Conclusions, policy recommendations, and research prospects
	Conclusions
	Policy recommendations
	Research outlook

	References
	Acknowledgements


