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Abstract: Recessive morphology transition (RMT) involves the smooth transition of farmland prop-
erty rights, input structure, quality, and function. China’s agriculture has changed from a period of
high-speed growth to a period of high-quality development. Compared with dominant morphology
transition (DMT) characterized by quantitative focus, it is of more practical significance to explore
the impact of RMT on high-quality agricultural development (HAD). This paper firstly constructed
a multidimensional index system to quantify HAD. Based on analysis of the impact mechanism of
RMT on HAD, a spatial econometric model was established to explore the impact by making use of
the panel data of 27 provinces in China from 2003-2017. The results indicated that RMT and HAD
both have positive geospatial correlation. Furthermore, the spatial econometric model provides more
accurate results of the impact of RMT on HAD than panel models. If the RMT in a local province
increases by 1%, HAD could be augmented by 0.13%. Likewise, RMT has a strong positive spatial
spillover effect on HAD. If the RMT in a certain province increases by 1%, HAD could add 1.22%
in neighboring provinces. The analysis suggests that spatial coordination of farmland use is an
important foundation for constructing high-quality development association of regional agriculture.
It is necessary to strengthen intergovernmental cooperation in the process of farmland recessive
morphology transition and high-quality agricultural development.

Keywords: recessive morphology transition; high-quality agricultural development; spatial econo-
metric model; sustainable use of farmland

1. Introduction

In essence, farmland use transition (FUT) could be defined as the process of farmland
use from one morphology to others via economic and social development over a certain
period [1,2]. It is further expanded into two morphological processes: dominant morphol-
ogy transition (DMT) and recessive morphology transition (RMT) [3]. DMT and RMT are
closely related but have their own emphases. DMT emphasizes the change of quantity
and spatial patterns. Previous studies mainly focused on measurement and effect analysis
of DMT. For instance, Popp [4] used global land cover change data from remote sensing
image to explore the impact of land use transition on bioenergy and climate stabilization.
Skog et al. [5] established an analytical framework to explore the impact of urbanization
processes on farmland conversions in Norway. Ge et al. [6] used per capita cultivated land
areas to quantify DMT and uncovered the inner link between FUT and grain production
transition in China. With the enrichment and improvement of research frameworks of
FUT, Long [7] and Song [8] proposed that FUT has spatial and non-spatial forms, and the
research on FUT has gradually expanded from DMT to RMT. RMT is a multidimensional
concept, and it refers to the quality attributes of farmland, including property rights, input
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structure, quality, function, etc. [9,10]. Compared with DMT, recessive morphology and
its transition could better reflect the deep-seated problems of regional land use and cover
change [11]. Therefore, RMT is the major research object of this paper. Some researchers
have comprehensively measured RMT. Tang [12] defined recessive morphology transition
as the evolution of farmland function and subdivided it into production function, life func-
tion, and ecological function. Ma et al. [13] evaluated recessive morphology transition by
using the social transition index, economic transition index, and ecological transition index.

FUT is an important factor in changing the distribution pattern of agricultural devel-
opment factors and influencing the state of agricultural development [1]. In order to adapt
to the situation and requirements of agricultural development, a country or region should
adjust land resource management policies and measures according to current land use
patterns and existing problems. Because the Chinese government has protected farmland
in terms of DMT by setting red lines for farmland protection and delimiting basic farmland,
the revealing and depicting of RMT plays an important role in the innovation practice of
land resource management [10,14]. Therefore, RMT has a more qualitative and significant
impact on agricultural development. Current studies of agricultural development could be
divided into three groups: agricultural quantity growth, agricultural quality growth, and
high-quality agricultural development. Scholars have mainly focused on agricultural quan-
tity growth and agricultural quality growth among these. Agricultural quantity growth
is described development problem by quantitative indices such as agricultural product
output or farmers’ income [15,16]. Based on these, some scholars also explored the impacts
of RMT on agricultural quantity growth [17-19]. The history of recent world development
has shown that high-quantity growth does not lead to a better social outcome; quality
growth becomes an essential ingredient of any successful growth strategy [20]. Regarding
the representation of agricultural quality growth, endogenous growth theory proposed
that total factor productivity (TFP) is the power source of economic growth [21]. Thereby,
scholars used agricultural total factor productivity (ATFP) to measure agricultural quality
growth [22,23] and analyze the impact of RMT on ATFP [24-26].

Regarding studies of high-quality agricultural development, current studies remain in
the period of theoretical analysis. Although the social systems and basic national condi-
tions of each country are different, scholars still share many useful ideas of high-quality
agricultural development. Martinez and Mlachila [27] proposed that high-quality devel-
opment should coordinate the relationship between high growth levels and accelerating
employment creation and poverty reduction. Bender [28] stressed that in the process of
high-quality agricultural development, governments and policymakers should be encour-
aged to focus on the protection of biodiversity and ecological protection. Bartkowiak [29]
argued that promoting innovation of agricultural production technology and realizing
the conversion of agricultural development as a driving force are effective methods for
high-quality agricultural development. Zulfiqar [30] considered crop diversification and
the rationality of biochemical technology to evaluate high-quality agricultural development.
These studies provided reference for us to clearly understand the basic impact mechanism
of RMT on agricultural high-quality development. However, constructing a multidimen-
sional index system to quantify HAD and the inner link between RMT and HAD has not
been thoroughly studied.

Furthermore, Lesage [31] emphasized that while a regional explanatory variable
potentially affects local dependent variables (called direct effect), it also potentially affects
neighboring regions (called spillover effect). This means that localities cannot be treated as
spatially independent observations and that spatial interactions should also be taken into
consideration [32]. Scholars constructed spatial econometric model to explore direct effects
and indirect effects on urban economic growth [33], public health [34], air pollution [35], and
transport infrastructure [36]. In the research field of land use and agricultural development,
Kumar [37] investigated the impacts of climate change on Indian agriculture and he also
explored the spatial correlation of climate with agricultural production. With the help of
the Moran index and spatial econometric model, Lu [38] found that farmland transition has
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a significant spatial spillover effect on agricultural economic growth, and the agricultural
growth in a certain region can also promote agricultural growth in neighboring regions.

Above all, current studies have extensive research achievements in FUT theoretical
framework and also pay attention to analyzing the impact of RMT on agricultural quantity
growth and agricultural quality growth. However, the current studies have the following
deficiencies. Firstly, although China’s economic development has stepped from a period
of high-speed growth to a period of high-quality development, the definition and mea-
surement of high-quality agricultural development have not been thoroughly studied.
RMT reflects the “quality” transition of farmland use, which is consistent with the goal
of high-quality agricultural development. Therefore, it is of great practical significance
to analyze the impact of RMT on HAD and inform public policies designed for meeting
the goals of HAD from the perspective of RMT in China and other countries. Moreover,
the process of China’s high-quality agricultural development also shows characteristics
of agricultural transformation from decentralized self-sufficient economic distribution to
relatively concentrated market economic distribution. Therefore, spatial correlation of agri-
cultural development in different regions is significantly enhanced and spatial correlation
among regions should not be ignored in analysis of high-quality agricultural development.
We intend to address two questions: 1. What is the concrete meaning of high-quality
agricultural development and how can a scientific multidimensional index system be estab-
lished to quantify it? 2. What is the impact mechanism of RMT on HAD and how can the
impact be evaluated?

In order to solve the two problems above, this paper firstly constructed a multidimen-
sional index system to quantify HAD. Based on analysis of the impact mechanism of RMT
on HAD, a spatial econometric model was established to explore the impact by making use
of the panel data of 27 provinces in China from 2003-2017. The remainder of this paper
is as follows. Section 2 describes the definition of high-quality agricultural development
and analyzes the impact mechanism of RMT on it. Section 3 depicts the research methods
and data. Section 4 provides detailed discussion of the research results. Section 5 presents
research conclusions and policy implications.

2. Theoretical Analysis Framework
2.1. Definition of High-Quality Agricultural Development

China’s agriculture is in a period of transformation, development, and slow growth,
and the agricultural development relies more on the quality and efficiency of agricultural
growth than the quantity and speed [39]. Compared with agricultural quantity growth,
agricultural quality growth and high-quality agricultural development both reveal the
agricultural development effect from the perspective of quality, and they are seen as high-
quality, durable, and socially friendly development [20]. Firstly, it is necessary for us to
distinguish between agricultural quality growth and high-quality agricultural development.
Agricultural quality growth reveals the quality of agricultural progress from the perspective
of “growth”, while high-quality agricultural development focuses on reflecting the quality
of agricultural progress from the perspective of “advancement”. This highlights new
concepts and new requirements of China’s high-quality agricultural development in the
new era [40]. HAD could be defined as the state, development mode, and structure
of agriculture that can better meet the growing demands of residents in new era [41].
Combined with previous studies, we proposed that high-quality agricultural development
could be divided into four aspects: new driving force, efficient growth, industrial system
integration, and sustainable development.

(1) The new driving force of agricultural development is the strong support of high-
quality agricultural development. R&D and application of agricultural machinery technol-
ogy promote the development of an agricultural mechanization service market and break
the traditional mode of agricultural production dominated by labor investment. Thus,
agricultural machinery technology has become an important scientific and technological
driving force to promote HAD. Meanwhile, agricultural technicians are the most critical
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and active subject in the agricultural technology extension system. They also play an
important role in improving the efficiency of agricultural technology transformation in
China. The driving force of agricultural informatization is an important driving factor
for the progress and spread of agricultural technology, which promotes the transforma-
tion of agricultural production mode and the improvement of agricultural total factor
production efficiency [42]. Since mobile communication technology has entered into the
3G and 4G eras, mobile phones have become the main carriers of modern information
technology applications. The development of mobile application clients as agricultural
information sharing, agricultural technology training, and agricultural product trading
tools has promoted scientific production, visualized governance, intelligent living, and
convenient consumption in rural areas. Market demand momentum provides a “power
source” for agricultural development [43]. Additionally, HAD not only needs to meet the
demands of urban and rural residents for “good food”, but also needs to meet the demands
of “healthy, diversified, and personalized food” with the continuous increase of the income
level of urban and rural residents. Hence, demand driving force is also an important part
of agricultural development new driving force.

(2) High-efficiency agricultural growth is the major feature and embodiment of HAD.
At present, China’s agricultural production efficiency is lower than other countries” due to
government policy distortions, limited input growth of capital, labor, and land investment
since 2008 [44]. Therefore, it is necessary to promote the transformation from a traditional
“extensive” agricultural growth mode to an “intensive” agricultural growth mode.

(3) Industrial system integration is the structural framework of high-quality agricul-
tural development. Based on the diversified and advanced consumption structure of urban
and rural residents, China’s high-quality agricultural development needs to break the
low-end lock of its agricultural industrial structure. Additionally, it is vital to enhance the
comprehensive competitiveness of China’s agricultural products in the international market
by promoting the “ultimate manufacturing characteristic” and “service characteristic” of
agricultural industry.

(4) Sustainable agricultural development is a necessary condition to ensure high-
quality agricultural development. Chemical fertilizer, pesticide, and other production
factors are the traditional driving forces to achieve high agricultural yield and increase
production [45]. However, disorderly use of chemical fertilizer and pesticide has led to
the decline of the quality of agricultural products, agricultural non-point source pollution,
and other problems. Agricultural sustainability advocates green development and low
carbon development modes. Meanwhile, sustainable development of agriculture also has
the connotation of strengthening the coordination between agricultural production systems
and the natural ecosystem, and constructing a new pattern of harmonious development
between humans and nature.

2.2. Impact Mechanism Analysis of RMT on HAD

RMT mainly refers to the transition of farmland property rights, farmland use input
structure, farmland quality and farmland function, etc. [10,14]. According to the theory and
methods of spatial econometrics, the influence of explanatory variables on the explained
variables of local units is called direct effects, and the effects of explanatory variables on the
explained variables of surrounding units can be called spatial spillover effects [31]. Based
on these, the theoretical analysis framework of RMT’s impact on HAD was established.

2.2.1. Direct Effects of RMT on HAD

The change of farmland property rights and transition of farmland input structure are
RMT’s primary reflections. The core direction of the farmland property rights change is to
clarify farmland property rights so that farmers can obtain sufficient rights. More stable
farmland property rights could reduce the risk of farmland infringement and promote
rural labor migrations. This has created better conditions for transferring land elements
to more efficient agricultural management subjects [46]. Consequently, the change of
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farmland property rights could increase agricultural economic benefit and realize high-
efficiency agricultural growth. Likewise, rural labor migrations and agricultural land
transfer smash the traditional rural life pattern and improve market awareness of new
types of agricultural management subjects. This is conducive to the improvement of
the service system of agriculture production and promotes the diversified integration of
agricultural industrial structure system [47,48]. On the basis of rural labor migrations
greatly improving the income level of farmers, stable farmland property rights ensure
the availability of farmers’ loans and broaden the options for farmers to utilize this new
driving force [49,50]. Additionally, faced with the environmental problems caused by
widespread use of chemical fertilizers and pesticides, the government makes policies to
promote individuals and regions to change their farmland input structure and adopt more
environmentally friendly farming methods.

Farmland quality has the characteristics of inheriting the soil quality of natural envi-
ronments and transforming according to human demands, and farmland quality can be
divided into natural quality, utilization quality, and economic quality [51]. In the process of
RMT, farmers have protected farmland by using agricultural machinery or new fertilization
technology. Under the strategy of “storing food in the land”, the Chinese government has
constructed high-standard basic farmland through various investment channels such as
farmland water conservancy construction, land remediation, as well as comprehensive
agricultural development. These measures have achieved the result of improving farm-
land quality. Moreover, these measures also adapt to the needs of modern agricultural
production and are conducive to agricultural efficient growth and sustainable development.
From the perspective of supply, it can be understood that agricultural management subjects
expand and upgrade functions by changing their way of using farmland or diversifying
management activities so as to meet the diversified demands of consumers [8]. For instance,
complying with the consumption demands of urban and rural residents for “healthy, di-
versified, and personalized food”, agricultural management subjects expand farmland
function by building a nonpolluting base of grain production.

This paper puts forward:

Hypothesis 1 (H1). RMT has a significant impact on HAD.

2.2.2. Spatial Spillover Effects of RMT on HAD

More importantly, the farmland use process and agricultural economic growth both
have spatial correlation. On one hand, due to natural factors such as precipitation, wind,
and the spatial proximity of farmland, farmers’ fertilization, irrigation, and production
activities in their farmland space can not only affect their own farmland, but also affect the
surrounding plots. On the other hand, with the improvement of China’s rural infrastructure,
the reorganization and flow of production factors in urban and rural areas has been boosted.
The construction of regional road infrastructure has created convenient conditions for large-
scale cross-regional agricultural machinery services, and significantly improved farmland
use efficiency [12]. The construction of rural telecommunications infrastructure promotes
the flow of information and knowledge spillover between urban and rural areas, and
farmers can quickly obtain market information and use modern agricultural knowledge for
agricultural production. Therefore, under the influence of infrastructure construction, the
impact of RMT on HAD can have significant spatial spillover effects.

Hence, this paper puts forward:

Hypothesis 2 (H2). RMT has a significant spatial spillover effect on HAD.

3. Research Data and Methods
3.1. Data and Variables

This study selected 27 provinces of China as the study area (due to the relatively
low proportion of agricultural industries in Beijing, Shanghai, Tianjinm and small farm-
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land resources in Tibet, these four provinces were excluded from our study. The data of
Taiwan, Hong Kong, and Macao are not available, so they are also not in the scope of
study). Meanwhile, the farmland area data in the China Rural Statistical Yearbook is only
updated to 2017, so the end year of our study is 2017. The sample used in this paper is the
balanced panel data from 2003 to 2017. The majority of the data were extracted from the
China Statistical Yearbook (2003-2017), China Rural Statistical Yearbook (2003-2017) and China
Agricultural Products Processing Industries Yearbook (2003-2017).

3.1.1. Key Explanatory Variable

Recessive Morphology Transition (RMT): Combined with the attributes of RMT, we
represented RMT with a multiple cropping index (MCI). The reasons are as follows: firstly,
the change of China’s farmland property rights system endows farmers with more perfect
farmland disposal rights and allocation rights of agricultural production factors, which
could improve farmers’ enthusiasm for agricultural production and encourage farmers
to diversify their planting structure. Meanwhile, the change of farmland property rights
also provides favorable conditions for rural labor migration. Rural labor migration in-
creases farmers’ income and provides financial support for the transition of farmland input
structure [52]. As a result, the period of agricultural production is shortened significantly
and farmland trends toward intensive use. The improvement of MCI is one of the most
direct embodiments of intensive farmland use [53]. The transition of MCI is consistent
with the transition of farmland quality and function [54,55]. On one hand, with the goal of
sustainable agricultural development in recent years, China’s government implemented a
policy of farmland rotation and fallow so as to improve farmland quality and production,
which also leads to the MCI’s transition. On the other hand, since the acceleration of ur-
banization and industrialization leads to the scarcity of farmland, the demands of growing
population force farmers to expand the function of farmland production by improving
MCI [56]. Hence, a multiple cropping index could comprehensively reflect the attributes of
RMT. The calculation method of MCl is as follows: planting area of crops/farmland area.

3.1.2. Explained Variable

High-quality agricultural development (HAD): This paper constructs a measurement
system of HAD by complying with the definition of HAD on Section 2.1 and combining
with the hierarchical measurement index and available data (Figure 1).

3.1.3. Control Variables

1.  Industrialization ratio and urbanization ratio (industrialization and urbanization).
The development of industrialization and urbanization could optimize the regional
industrial structure and improve the per capita income level of residents, which may
directly affect high-quality agricultural development. Added value of the industrial
sector and proportion of urban population are used to measure industrialization and
urbanization, respectively.

2. Economic development level (economic). The region of high-level economic devel-
opment always has a more perfect agricultural service system, which could lead
to the rational allocation of agricultural production factors and has an impact on
high-quality agricultural development.

3. Government intervention (gov). This is represented by the ratio of local government’s
public financial expenditure to GDP [9]. Economic performance competition is an im-
portant reason to encourage local governments to intervene in economic development
in China; local government’s policy of farmland transfer and large-scale management
may affect high-quality agricultural development.
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Figure 1. High-quality agricultural development measurement index system.

3.2. Methods

3.2.1. Projection Pursuit Model

The projection pursuit model (PPM) is used to measure high-quality agricultural
development. The core of PPM is to project high-dimensional data onto low-dimensional
subspace, and then describe high-dimensional data through low-dimensional projection
space analysis. In the process of data analysis, PPM automatically calculates the influence
degree (i.e., weight) of each index on the comprehensive evaluation result, which reduces
the influence of subjective determination of index weight [57]. The basic steps of PPM
include: standardization of original index, construction of projection index function and
projection objective function, determination of the best projection direction, and projection
value. The calculation formula of the best projection direction vector is as follows:

maxQ(a) = S; x D,
llajl] =1

M

1
272
In Equation (1), Q(a) represents projection objective function; S, = Z(Z’EZ)}

(n=1)

represents inner-distance; E, represents an average value of projection and eigenvalue z;;
D,=Y!", Z]P:l [R—r(i,j)] x u[R—r(i,])] represents local density; R represents density
window width, R =n, r(i,j) = (z; —zx); u represents unit out of order function. a
represents the n- dimensional unit projection direction vector. Meanwhile, the projection
pursuit model can obtain the evaluation results of each subsystem by adding the product
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of the best projection direction vector and the standardized value of the corresponding
evaluation index.

3.2.2. Panel Data Model

We construct the following panel model of high-quality agricultural development:
Yit =X+ OqRMTit + O‘ZXit + &t (2)

In Equation (2), Yj; denotes the level of high-quality agricultural development and
its four subsystems; RMTj; denotes recessive morphology transition; X;; denotes the con-
trol variables; €; denotes random error term; i represents region; t represents time; ag
denotes constant; a1 and a, denote coefficients of key explanatory variables and control
variables, respectively.

3.2.3. Spatial Econometric Model

Undoubtedly, the similarity of climate and geography in a certain region have sig-
nificantly enhanced the spatial interaction of farmland use and agricultural development.
Meanwhile, the improvement of transportation and information infrastructure makes it
more convenient for agricultural economic activities to be transferred to other regions [58].
Transportation infrastructure widens the service scope of agricultural mechanization and
improves agricultural mechanization rate [59]. The development of communication technol-
ogy promotes technology diffusion and information and knowledge spillover by improving
the market docking ability of farmers and stimulating Internet consumption. Moreover,
under the pressure of performance competition, one region formulates efficient agricultural
development policies and achieved agricultural economic performance, which may induce
other regions to imitate. Thereby, RMT and HAD may have a significant spatial correlation.
We construct Spatial Econometric Model to modify Equation (2). The Spatial Econometric
Model is as follows:

wi]-Xit + )\wl]y +¢& (3)
1

]

n
Yt = BIRMTy + BoXir +p Y wij Vi + B3
L ;

n n
wijRMTit + B4
i =1 =
In Equation (3), the definitions of Yj;, RMT};, Xj;, t, and g;; are consistent with Equation (2);
B1 and B, denote coefficients of explanatory variables and control variables, respectively;
B3 and B4 denote spatial coefficients of explanatory variables and control variables, respec-
tively; p represents spatial autoregressive coefficients of explained variables; w;; denotes
spatial weight matrix; A denotes spatial error regression coefficient; i represents local re-
gions; j represents neighboring regions. The spatial econometric model could be divided
into a spatial lag model (SLM), spatial error model (SEM), and spatial Durbin model (SDM).
In Equation (3), when p # 0 but 8 = 0, Equation (3) extends to SLM; when A # 0 but p =0,
Equation (3) extends to SEM; when p # 0 and B # 0 but A = 0, Equation (3) extends to SDM.
Spatial weight matrix w;; can accurately measure the spatial correlation between re-
gions. At present, the common spatial weight matrix includes adjacent matrix, geographic
distance matrix and economic distance matrix. The adjacency matrix represents the spatial
correlation of different regions by the adjacency of administrative boundaries. However,
the adjacency matrix ignores the spatial correlation of geographically close but not con-
nected regions. The geographic distance matrix and economic distance matrix reflect the
correlation between regions in terms of geographical space and economic behavior mode,
respectively, but spatial correlation between regions comes from the dual influence of
geographical space and economic behavior. Based on the gravity model, we construct the
comprehensive weight matrix of geographical space and economic connection [60]:

[ (GixGj)/d%i#
wl]—{ K @
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In Equation (4), G; and G; denote GDP per capita of the two regions; d;; represents the
distance of gravity points between two regions.

4. Results and Discussions
4.1. Temporal Evolution and Spatial Pattern of RMT

The results of RMT in 2003 and 2017 are shown in Figure 2. Regarding temporal
evolution, RMT increased from 1.19 in 2003 to 1.24 in 2017. Average annual growth was
0.28%. Specifically, there were 18 provinces with increased RMT, accounting for 62.06%
of the total. The top five provinces with the highest annual growth rate are Sichuan
(2.61%), Inner Mongolia (2.57%), Qinghai (2.55%), Guizhou (2.10%), and Shaanxi (1.94%).
These provinces are mainly clustered in Western China, where the agricultural production
conditions are not superior and the economy is relatively backward. This indicated that
the Western Development policy has improved the agricultural production environment,
and the RMT has also increased rapidly. However, the top three provinces with the highest
annual reduction rate are Fujian (—2.27%), Zhejiang (—1.70%), and Hainan (—1.17%).

60°E 120°E 60°E 120°E
N N
2003 N ‘L %’
£ £
21 2]
Legend Legend
Not Studied ‘ Not Studied ‘
0.00.0.95 | — 0.00-1.02 | -
’O N - /.:“ »O \ /
095.125 7 I-\_T,w ) 1.02-1.29 . ’h,{/,
b b
-I<\-|w~ / ' A -lM.:m / '
0 500 1000 2,000 km > P \ FOAT : 0 500 1000 2,000 km Py \
| S — - I T T T 1 J -

Figure 2. The evaluation results of RMT in 2003 and 2017.

We mainly analyze the spatial pattern in 2017. The province with the lowest RMT is
Gansu (0.70), while the highest is Hunan (2.00), and the latter is 2.86 times higher than
the former. Besides Hunan, the next top five provinces are Jiangxi (1.83), Henan (1.82),
Guangdong (1.63), Hubei (1.52), and Anhui (1.49). These provinces are mainly located in
Central and South China. However, besides Gansu, the provinces with relatively low RMT
are mainly located in Western and Northeast China, including Liaoning (0.84), Jilin (0.87),
Ningxia (0.88), Shanxi (0.88), and Qinghai (0.94).

4.2. Temporal Evolution and Spatial Pattern of HAD

According to Figure 3, the average level of China’s high-quality agricultural develop-
ment increased from 0.53 in 2003 to 1.37 in 2017, with an average annual growth rate of
14.85%. The top five provinces with the highest annual growth rate are Guizhou (20%),
Inner Mongolia (18.77%), Ningxia (17.69%), Jiangsu (16.38%), and Chongqing (16.28%). We
found that most of these provinces are also located in Western China. The result is consis-
tent with RMT. Regarding the spatial pattern in 2017, the levels of high-quality agricultural
development in Zhejiang, Jiangsu, and Fujian provinces are over 2.00, at 2.21, 2.04, and
2.03, respectively. The provinces with the lowest levels are Xinjiang (0.83), Gansu (0.89),
and Qinghai (0.95). The levels of high-quality agricultural development in these provinces
is lower than 1.00, which is quite different from those in Zhejiang, Jiangsu, and Fujian.
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Figure 3. The evaluation results of HAD in 2003 and 2017.

New driving force. The level of new driving force has increased from 0.14 to 0.71, with
an average annual growth rate of 26.42%. In 2017, the three provinces with the highest
levels of new driving force are Zhejiang, Jiangsu, and Guangdong. Their new driving
force levels are higher than 1.00. The levels of new driving force in Shandong and Hunan
are higher than 0.90. Although these two provinces are lower than Zhejiang, Jiangsu,
and Guangdong, they have a certain leading edge over other provinces. Gansu has the
lowest level of new driving force in China. In addition, Guizhou (0.55), Yunnan (0.55),
Heilongjiang (0.54), Shanxi (0.53), and Xinjiang (0.52) are also significantly lower than
Zhejiang, Jiangsu, and Guangdong.

Efficient growth. The efficient growth level increased from 0.08 in 2003 to 0.31 in
2017, with an average annual growth rate of 18.06%. In 2017, provinces with a high level
of agricultural efficiency growth are mainly located in the Southeast Coastal of China,
including Hainan (0.60), Fujian (0.59), Jiangsu (0.57), Guangdong (0.55), Zhejiang (0.50). In
contrast, the three provinces with the lowest levels are Shanxi, Jilin, and Inner Mongolia.
The levels of agricultural high efficiency growth in these provinces are lower than 0.20.

Industrial system integration. The level of industrial diversified integration increased
from 0.08 in 2003 to 0.14 in 2017, with an average annual growth rate of 5.83%. In 2017,
Zhejiang (0.39) has the highest level of industrial diversified integration, while Inner
Mongolia (0.05) has the lowest level. Besides Zhejiang, the levels of Liaoning, Jiangsu, and
Fujian are higher than 0.20. It could be inferred that the development of the agricultural
service industry, agricultural processing industry, and rural non-agricultural employment
of these provinces is relatively higher than other provinces.

Sustainable development. The level of agricultural sustainable development increased
from 0.25 in 2003 to 0.31 in 2017, with an average annual growth rate of only 1.60%. In
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2017, Hainan, Guangxi, and Fujian have the highest levels of sustainable development
in China. Except for Hainan, Guangxi, and Fujian, the sustainable development levels of
Zhejiang, Heilongjiang, Hunan, Guangdong and Yunnan all exceeded 0.40. However, the
sustainable development levels of agriculture in Xinjiang, Qinghai, Ningxia, Jiangsu, and
Inner Mongolia should be further improved.

4.3. Spatial Correlation Analysis

Before establishing a spatial econometric model, global Moran’s index should be
used to judge whether there is spatial autocorrelation on RMT and HAD. The results are
shown in Figure 4. Global Moran’s index of RMT and HAD both has a fluctuating trend.
Specifically, the global Moran’s index of RMT is concentrated in the range of 0.2-0.5, while
the global Moran’s index of HAD is concentrated in the range of 0.35-0.45. It can be inferred
that the similarity of climate, geography, and the mobility of production factors in a certain
region leads to the spatial convergence of farmland use and agricultural development.

0.6 r

e i
W ks O
T

02 r

RMT/HAD Value

<
—_
T

—a— RMT —aA—HAD
Figure 4. Evolution of RMT and HAD Global Moran’s Index.

We further observe the Moran’s scatterplots’ similarities of RMT and HAD. Taking
HAD in 2017 as an example, the scattered points located in the first (third) quadrant hint
that the HAD level is also high (low) in neighboring regions, and scattered points located
in second (fourth) quadrant indicate that HAD level is high (low) in the neighboring areas
of low (high) agricultural development. As shown in Figure 5, the Moran’s scatterplots
of RMT and HAD are distributed in all quadrants, but most of the scattered points are
clustered in the first and third quadrants. On one hand, Shandong, Jiangsu, Hubei, Hunan,
Guangdong, and Guangxi are all located in the first quadrants of RMT’s and HAD’s
Moran’s scatterplots; on the other hand, Inner Mongolia, Heilongjiang, Shaanxi, Gansu,
and Qinghai are all located in the third quadrant of RMT’s and HAD's scatterplots. This
could indicate that there is a spatial correlation between them, and the impact of RMT
on HAD may have a spatial spillover effect. The result is consistent with the intuitive
impression of Sections 4.1 and 4.2.
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Figure 5. Moran’s scatterplots of RMT and HAD.

4.4. Model Results Analysis

A panel model and spatial econometric model is constructed, and we compare their
results so as to choose the perfect model. The principles of model selection are as follows: (1)
A Hausman test could judge whether to choose a fixed effect or random effect of the panel
model. (2) An LM Test, Wald test, and LR test determine whether SEM and SLM can be
extended to SDM. (3) Based on R?, the goodness of fit of the model is determined. According
to the above principles, the regression results of the random effect panel model are better,
and the SDM with double fixed effects should be selected in the spatial econometric model.
Tables 1 and 2 respectively report the regression results of the random effect panel model
and spatial Durbin model. The R? result of the spatial Durbin model is higher than that of
the panel model. Therefore, we should choose the SDM to analyze.

According to the results of Model (6) in Table 2, we found that: The spatial autoregres-
sive coefficient p of HAD was 0.26 with a significant level of 1%. These results demonstrated
that improvement of high-quality agricultural development in a neighboring province has
a certain spatial spillover effect on the local province. There is a synergetic relationship on
high-quality agricultural development of each province. Meanwhile, the spatial autore-
gressive coefficients p of Models (7)—(10) were 0.18, 0.15, 0.13, and 0.57, respectively, with a
significant level of 1%. The spatial spillover effect also exists in each subitem of HAD. In
addition, RMT has a positive effect on HAD and its subitems under the significant level of
5% and the results of RMT’s spatial regression coefficient are consistent with the direction
and significance of spatial autoregressive coefficient p. This means that the results of SDM
are reasonable and scientific.

Table 1. Results of Panel Model.

Model (1) Model (2) Model (3) Model (4) Model (5)
constant 307 (0.16)  —245**(0.07) —0.71**(0.07) —0.10**(0.03)  —0.07 (0.06)
RMT 0.09 * (0.05) 0.05 * (0.02) 0.07 ***(0.02) 0.04 *** (0.01) 0.03 * (0.02)

urbanization 091 ** (0.25) 0.26 ** (0.12) 0.39*%(0.10)  0.18 *** (0.05) 0.08 (0.10)

industrialization —072**(0.12)  —045(1.27)  —0.33**(0.05) —0.07 ** (0.02) 0.04 (0.04)
economic 0.85*%(0.07)  0.65%+(0.03)  0.16**(0.03)  0.05** (0.01) 0.06 ** (0.03)
gov 0.36 (0.30) 0.13 (0.14) 0.25 (0.12) —0.15*(0.06)  —0.13(0.12)

R? 0.68 0.78 0.65 0.63 0.62

Models (1)—(5) represents the panel data model results of HAD, HAD_driving, HAD_efficient, HAD_industry,
HAD_sustainability. *, **, and *** represent the significances at 10%, 5%, and 1% levels, respectively. Value in
parentheses is t test value.
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Table 2. Results of SDM.

Model (6) Model (7) Model (8) Model (9) Model (10)
RMT 0.26 *** (4.79) 0.18 *** (2.71) 0.15 ** (2.09) 0.13 ** (2.33) 0.57 *** (10.68)
industrialization 0.10 *** (2.98) 0.05 *** (2.99) 0.10 *** (7.99) 0.03 *** (3.38) 0.04 *** (2.70)
urbanization ~0.17 (~1.16) 0.10 (1.27) —0.44 *** (—7.66) 0.12 ** (2.71) 0.05 (0.69)
economic 0.71 ** (3.41) ~0.14 (~1.23) 0.11 (1.46) 0.09 (1.58) 0.67 *** (7.34)
gov 0.79 *** (6.81) 0.57 *** (8.97) 0.41 *** (9.57) 0.08 ** (2.48) —0.22 (—4.37)
w x RMT —0.74 * (—2.28) —0.41 * (—2.33) ~0.01 (~0.11) ~0.18 ** (~1.99) ~0.32 (~2.26)
w x industrialization 0.86 *** (8.26) 0.22 *** (3.96) 0.09 ** (2.28) 0.20 *** (7.21) 0.41 ** (9.02)
w x urbanization 0.76 (0.87) ~0.29 (~0.62) —1.00 #** (—3.04) 0.29 (1.20) ~0.30 (~0.78)
W X economic 2.32 % (2.63) 139 #+ (—2.92) 1.09 #* (3.53) ~038 (—1.58) 2.84 *** (7.29)
W X gov ~0.73 (~1.25) 0.87 *** (2.73) —0.70 *** (—3.20) 0.03 (0.18) —0.77 (~3.02)
R2 6.29 %+ (4.19) 1.42 % (1.73) 2.70 %+ (4.79) ~0.16 (—0.38) 2.94 %+ (4.47)

Models (6)—(10) represents the SDM results of HAD, HAD_driving, HAD_efficient, HAD_industry,
HAD_sustainability. *, **, and *** represent the significances at 10%, 5%, and 1% levels, respectively. Value
in parentheses is f test value.

4.5. Direct Effects and Indirect Effects

The regression results of SDM could not directly reflect the impact of explanatory
variables on the explained variables. Lesage [61] proposed that a partial differential method
should be used to calculate the specific direct and indirect effect values. The direct effect
reveals the impact of RMT on HAD in local regions, while indirect (spatial spillover) effect
reveals the impact of RMT on HAD in neighboring regions. These results are shown in
Table 3.

RMT has a significant positive and direct effect on HAD with a significant level of
1%; the regression coefficient was 0.13. This means that if the RMT in a certain province
increases by 1%, HAD level could increase by 0.13%. The indirect effect regression was
1.22, with a significant level of 1%. If RMT in a certain province increases by 1%, HAD
increases by 1.22% in the neighboring province. Hypothesis (1) and Hypothesis (2) are
verified. These results demonstrated that RMT with attributes of farmland property rights,
farmland use input structure, farmland quality, and farmland function play an important
role in high-quality agricultural development. Compared with the regression results of the
panel model in Table 3, the regression coefficient and significance level are significantly
improved. It could be demonstrated that if spatial interaction is not considered in the
model, the promotion effect of RMT on HAD will be underestimated. According to the
regression results of each subitem of agricultural high-quality development, RMT has the
highest direct effect on the improvement of efficiency growth in local provinces, and the
most significant effect on sustainable development in neighboring provinces.

The direct and indirect effects of industrialization on HAD failed to pass the sig-
nificance test, indicating that industrialization had no significant impact on HAD. The
reason is that GDP-oriented industrialization models of local governments in China are
not conducive to the smoothing of channels for industrialization to feed agricultural devel-
opment [62]. From the perspective of HAD subitems, industrialization has significantly
improved the new driving force and industrial system integration in local provinces, but
has no impact on neighboring provinces. Additionally, industrialization has no direct
positive effect or spillover effect on efficient growth and sustainable development.

Urbanization not only improves the level of HAD in local provinces, but also has
a positive impact on neighboring provinces. From the perspective of HAD subitems,
urbanization has no significant direct or indirect effect on new driving force and industrial
system integration. “Semi urbanization” and “high urban housing prices” take up too much
of the income of residents, which makes it difficult to promote the transition of demand
drivers for agricultural development, as well as the development of the agricultural service
industry and manufacturing industry [63]. The direct and indirect effects of urbanization
on efficient growth and agricultural sustainable development are significantly positive.
This means that urbanization improves agricultural production efficiency and realizes
sustainable development by alleviating human-land conflict in rural areas.
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Table 3. Results of direct effects and indirect effects.
Variables HAD HAD_Driving HAD_Efficient HAD_Industry HAD_Sustainability

RMT 0.13 *** (4.56) 0.06 ** (2.70) 0.11 *** (7.88) 0.08 *** (4.23) 0.05 *** (1.40)
Di industrialization ~ —0.17 (—1.01) 0.11%(2.16)  —0.44**(—7.49)  0.12* (2.76) —0.01 (—0.14)
ffe“ urbanization 0.75 *** (3.54) —0.12 (—1.07) 0.13 ** (2.23) 0.07 (1.03) 0.89 *** (3.02)

effects economic 0.77 *** (6.75) 0.57 *** (8.31) 0.40 *** (9.62) 0.09 ** (2.53) —0.28 *** (—5.02)
gov —0.60 (—1.86)  —0.38* (—2.04) 0.03 (0.15) —0.19* (—1.72) —0.16 (—1.16)
RMT 1.22 *** (6.53) 0.27 *** (4.00) 0.11 ** (2.57) 0.25 *** (6.40) 0.85 *** (2.19)
di industrialization 0.99 (0.91) —0.32(—055)  —1.17 ***(—3.04) 0.35 (1.08) —0.97 (—1.04)
I“f f“ec" urbanization 3.60 % (3.12)  —1.71*(3.03) 1.33 *** (3.42) —0.56 * (—1.77) 2.75 *** (3.25)

effects economic —0.79 (—1.07) 1.18 ** (2.75) —0.77 *** (—2.78) 0.13 (0.58) —1.66 *** (—3.61)
gov 8.01 *** (3.79) 1.81** (2.11) 3.19 *** (4.81) —0.27 (—0.44) 2.95 *** (2.05)

*,**, and *** represent the significances at 10%, 5%, and 1% levels, respectively. Value of parentheses is f test value.

The level of economic development has improved HAD in local provinces but has
no significant impact on neighboring provinces. From the perspective of high-quality
agricultural development subitems, economic development has significantly improved
new driving force, efficient growth, and industrial system integration in local provinces,
but only has a significant spillover effect on the development of the new driving force of
agriculture in neighboring provinces. Meanwhile, the direct and spillover effects of eco-
nomic development on agricultural sustainable development were significantly negative,
indicating that the coordinated development level of China’s economic development and
sustainable development needs to be improved.

Government intervention has no positive impact on high-quality agricultural develop-
ment e in local provinces. The reason is that the government is the leading decisionmaker
and coordinator of high-quality agricultural development, so it can make up for the positive
role of market allocation defects [64]. However, government policy deviation leads to “gov-
ernment failure”. Meanwhile, the spillover effect coefficient of government intervention
was significantly positive, which indicated that local governments adopt the policy of
“cooperation” between regions.

5. Discussion

Our research shows that the impact of RMT on HAD has significant direct effects and
spatial spillover effects. Our previous research also verified the impact of FUT on grain
production [12], agricultural economic growth [38], and farmers’ poverty reduction [65],
and the results confirmed that the FUT has direct effects and spatial spillovers on social
and economic development. Therefore, the spatial spillover effect caused by the spatial
proximity of farmland and the mobility of production factors needs to be emphasized in
the field of land use research. Especially for China’s agricultural development, with the
construction of transportation infrastructure and telecommunication infrastructure, the
industrial structure of China’s rural areas and the way of farmland use will be greatly
changed, and rural areas will no longer be independent individuals. Therefore, the spatial
spillover effect of RMT on HAD may become more significant.

In this paper, a spatial econometric model was constructed to explore the effect of
RMT on HAD, and the direct effect and spatial spillover effect were incorporated into the
regression model. Of course, in future research, the construction of the HAD indicator
system needs to be improved, and the regional differences in the impact of RMT on HAD
need to be considered.

6. Conclusions and Policy Implications
6.1. Conclusions

China’s agriculture has changed from a period of high-speed growth to a period
of high-quality development. Farmland recessive morphology transition refers to the
“quality” attribute of farmland use. It is necessary to consider if RMT could contribute to
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HAD. In order to answer that question, this paper used the multiple cropping index to
represent RMT and constructed a multidimensional index system to quantify high-quality
agricultural development from the perspective of new driving of agricultural development,
efficient growth of agriculture, industrial system integration, and sustainable development.
Then, we established econometric model to explore the impact of RMT on HAD by making
use of the panel data of 27 provinces in China from 2003-2017. The results indicated
that RMT and HAD both have positive geospatial correlation. Furthermore, the spatial
econometric model provides more accurate results of the impact of RMT on HAD than the
panel model. If RMT in a local province increases by 1%, HAD could increase by 0.13%.
Likewise, RMT has a strong positive spatial spillover effect on HAD; if the RMT in a certain
province increases by 1%, HAD could increase by 1.22% in neighboring provinces.

6.2. Policy Implications

RMT of farmland involves the change of farmland property rights, the change of
farmland input structure, the improvement of farmland quality, and the upgrading of
farmland function. High-quality agricultural development mainly reflects the quality of
agricultural progress from the perspective of “advancement”. Therefore, compared with
the dominant morphology transition characterized quantitatively, it is of more practical
significance to explore the impact of RMT on HAD. Based on the conclusions of this paper,
policy implications are as follows.

The change of farmland property rights is one of the important attributes of farmland
use recessive morphology transition. Under the background of great changes in the social
relationship between farmers and farmland, governments should enrich the connotation of
agricultural land property rights and strengthen the role of agricultural property rights in
optimizing the allocation of production factors. In terms of farmland use input structure,
most developing countries in the world still rely on traditional agricultural development
momentum such as chemical fertilizer and agriculture, which obviously does not meet
the requirements of high-quality agricultural development. Governments should guide
farmers to change their concepts of agricultural development and put the quality and
safety of agricultural products in an important position. Meanwhile, it is necessary for
governments to accelerate the cultivation of new agricultural and rural industries and
promote the innovation and promotion of agricultural science and technology. In terms of
farmland quality, although the increase of multiple cropping index can meet the increasing
food demand of people, it may also damage farmland quality. Governments and policy-
makers should choose the suitable regional pattern of rotation and fallow according to the
characteristics of regional agricultural resource endowment and ecological environment.
In terms of farmland function, based on the consumption demand of urban and rural
residents, farmland quality should also be improved by means of comprehensive agricul-
tural development and high-standard farmland construction, so as to realize diversified
development of farmland function.

Moreover, we also found that RMT of farmland and HAD have spatial correlation.
Therefore, it is necessary to improve the ability of coordinated development among re-
gions. Firstly, in order to provide convenience for cross-regional agricultural machinery
service and agricultural material flow, the government should increase investment in the
construction of substandard roads related to rural areas and eliminate the traffic bottleneck
restricting the development of rural areas. Then, governments should innovate the diver-
sified integration of rural industries, promote effective connection between farmers and
the market by making use of modern information technology. Additionally, governments
should clarify their function boundary in agricultural development and avoid microinter-
vention in agricultural development. Governments should strengthen cooperation with
neighboring regions in agricultural technology development and extension, rural infras-
tructure construction, and land transfer markets so as to improve the positive direct effect
and spillover effect of the government on high-quality agricultural development.
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