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Abstract: The green transition of farmland use is a future trend in China’s modern agriculture and
green development. However, its research framework, including its evaluation system, temporal-
spatial distribution, and driving mechanisms, has not been established in the existent literature. With
the 17 cities in Hubei Province as an example, we evaluated the green transition of farmland use
and explore the characteristics and driving mechanisms of the temporal and spatial evolution from
2000-2019. The findings were as follows: First, the green transition of farmland use in Hubei Province
is in infancy, but it has great potential. Second, the growth rate of the green transition of farmland
use has noticeable regional differences in the east, central, and western areas of the province. Third,
the three dimensions of spatial transition, functional transition, and model transition in the green
transition of farmland use have significant spatial differences in coupling and coordination, and
decoupling is becoming increasingly prominent. Based on the research findings, we put forward
targeted countermeasures and suggestions.

Keywords: temporal-spatial pattern; the green transition of farmland use; coupling coordination;
Hubei Province

1. Introduction

The green transition of farmland use (GTFU) refers to the evolution of farmland
functions, spatial patterns, and utilization models to a higher level, which are also the
inherent requirements of green development, rural revitalization, and food security in
modern-day China. Farmland use is an essential basis for the interaction and coupling
of the human-land relationship in rural areas [1]. Under green development, farmland
use focuses on changing from stable quantity to quality improvement and emphasizes the
trinity of “Quantity, Quality and Ecology” [2]. GTFU is an effective measure to realize
the coordinated development of farmland use and the environment [3]. The future devel-
opment plan of China, the 14th Five Plan, also requires the in-depth implementation of
sustainable development strategies, promoting a comprehensive green transition of eco-
nomic and social development, and adherence to the strictest farmland protection system,
which also urgently calls for GTFU.

China is currently facing significant challenges in terms of GTFU. There is no doubt
that farmland use in China has progressed in utilization efficiency and production profit.
However, farmland use in China shows characteristics of chemical fertilizers and the over-
dependence pesticides, marginalization, extensive pollution, and intensification [4,5]. With
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China’s rapid industrialization and urbanization, the acceleration of economic develop-
ment, and the continuous enhancement of human activities, the disorderly spread and
expansion of the material space of urbanization and industrialization, the interaction and
coupling between population, industry, and towns have been continuously strengthened.
This process has led to rapid changes in the spatial layout of China’s urban and rural
areas, industrial development structure, and rural geographic morphology. The acceler-
ated flow of potential energy between urban and rural factors has led to problems such
as the non-agricultural, non-grain, extensive, and marginal use of farmland [6,7]. Rural
diseases such as the aging of farmers and the hollowing out of rural areas have become
significant problems [1]. Moreover, the deterioration of the rural ecological environment
and agricultural non-point source pollution frequently occur in most villages [8].

This phenomenon has aroused continuous attention from academia. The current
research includes in-depth discussions on farmland use transition and farmland green
use, but scholars have not yet combined the two dimensions and put forward the Green
Transition of Farmland Use framework. The measurement of GTFU and the understanding
of its spatial and temporal distribution pattern and coupling coordination would be of
great help in solving the existing problems of farmland use in China. Thus, the one purpose
of this research is to establish an evaluation framework and to evaluate the development of
GTFU. Additionally, the research will then analyze the internal coupling and coordination
relationship between the sub-systems of GTFU so as to explore the mechanisms of for its
different development status.

Hypothesis 1. The development level of GTFU in the study area is significantly different in time
and space and increases with the development of social economy.

Hypothesis 2. There are significant spatio-temporal differences in the coupling coordination of the
internal subsystems of GTFUL

Focusing on the needs of green development, rural revitalization, high-quality agricul-
tural development, and food security in China, the current research takes 17 prefecture-level
cities in Hubei Province, China, in which the contradiction between cultivated land use
and economic development is prominent, as the research area and evaluates GTFU from
2000 to 2019. This research will explore the temporal and spatial distribution of GTFU and
its driving mechanisms based on the results of this evaluation. Moreover, at the same time,
policy implications will provide a decision-making reference for the green transition policy
system of farmland use in Hubei Province as well as in China and other world regions.

2. Literature Review
2.1. The Research about Farmland Use Transition

Farmland use transition (FUT) was born out of land-use transition and related re-
search paradigms and research theories all originating from land-use transition. Farmland
use transition refers to the change in the time series of a country’s (or region’s) farmland
use. Its essence is one of the manifestations of land use/cover change (LUCC). It em-
phasizes the use of farmland that is compatible with the level of regional socio-economic
development [9-11].

The existent research focuses on the transition forms, transition characteristics, dy-
namic mechanism, food security, and ecological environment of farmland use transition.
(1) Transition forms: At present, there are two main ways to divide farmland use transition:
one divides farmland use transition into spatial transition and functional transition [12].
The spatial transition includes the area change and landscape pattern change. Area change
is characterized by remote sensing image technology and land transfer matrix technol-
ogy [13]. Landscape pattern change is generally measured by indicators such as the
landscape pattern index and farmland fragmentation [14]. Although scholars have identi-
fied significant differences in classifying farmland functions, we unify the main functions
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into three dimensions: production function, ecological function, and living function. At
present, academia generally adopts methods such as the comprehensive evaluation of
indicators [15], functional value, and functional property quality [16-18] to evaluate farm-
land functions. The other method divides the FUT into two types: recessive transition
and explicit transition [11]. Recessive transition usually refers to the transition of quality,
property rights, business methods, inherent input, and output capabilities, while explicit
transition refers to the transition in quantity and spatial structure [14].

(2) Transition characteristics: Scholars mostly use satellite image interpretation data
to characterize the transition characteristics of farmland use [19-22]. Some scholars use
economic methods to describe these characteristics. Establishing an FUT evaluation sys-
tem with geography and economic methods, Niu et al. [2] measured the FUT values
and analyzed the spatial agglomeration characteristics of farmland use transition in the
Huanghuaihai Plain.

(3) Driving mechanism: Scholars have engaged in fruitful and in-depth discussions
on the dynamic mechanisms of farmland use transition. They believe that natural factors,
input structure, output benefits, planting structure, transportation location and other micro-
factors, population density, economic development, national policies, and macro-economic
factors are the primary driving mechanisms for FUT [12,15,19,23-27]. For example, Song
et al. believe that the current farmland use structure, input structure, planting structure,
and economic development status affect farmland use transition [12]. Shi et al [25] found
that natural factors are the basis for the transition of farmland use, socio-economic factors
are the key driving force for the transition of farmland use, and Xu et al. [26] believed that
the transportation location factor is also an essential spatial factor.

(4) The impacts on food security: Farmland is a fundamental land resource and
a primary element to ensure food security. Scholars generally believe that the non-
agriculturalization, non-grain, marginalization of farmland and agricultural pollution
during farmland use profoundly affect food security [11,28-34]. For example, Sun used
the coefficient of variation method to evaluate the “input indicators” of grain production,
analyzed the spatiotemporal evolution of the coupling relationship between cropland
use transition and food production, and concluded that the cropland use transition has
a positive impact on food security [31]. Mailikai Aimaiti et al. have reached a similar
conclusion in the research on the coupling relationship between farmland use transition
and grain production in the oasis of the Yarkand River Plain [32].

(5) The impact on the ecological environment: The ecological system is closely related
to the farmland use system. Scholars have conducted rich and in-depth discussions on
the relationship between FUT and the ecological environment and believe that the current
FUT has produced specific adverse effects on the ecological environment [25,34]. However,
some scholars hold different views and believe that the transition of farmland use reduces
emissions [34].

2.2. The Research about Farmland Green Use

Scholars have conducted extensive research on the connotation, actual conditions, and
influencing factors of farmland green use: (1) Connotation: Regarding the connotation of
farmland green use (FGU), academia has not yet formed a unified definition. The concept
originated from the “green economy” and the “Global Green New Deal” proposed by the
United Nations Environment Programme in 2008. Scholars often use the terms “green
agriculture” or “green development of agriculture”.

However, judging from the existing literature, academia does not strictly distinguish
between “farmland green use” and “green development of agriculture.” The two have a
solid conceptual connotation, evaluation indicators, research methods, and control strate-
gies. Farmland green use belongs to ecology and economics and can be an essential means
to transform traditional farmland use with “green development.” Academia generally
believes that farmland green use is a comprehensive, coordinated, and sustainable model,
and its connotation is constantly becoming more enriched and developed [22-24,35,36].
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(2) The situation evaluation: In measuring farmland green use, scholars generally
use DEA methods to evaluate farmland green use from five dimensions: environmental
friendliness, resource conservation, space-intensiveness, efficient output, and advanced
technology [33]. In terms of the current situation being evaluated, academia generally
believes that farmland green use in China is developing rapidly, but it is still relatively
low [37,38]. Scholars have researched farmland green use efficiency and evolutionary
regulations [39].

(3) Influencing factors: At the level of the factors affecting FGU, some scholars have
constructed an evaluation system for farmland green use to grasp the development level
and the influencing factors in a multi-dimensional and broad perspective. For example,
Yu et al. believe that gender, age, herd mentality, soil fertility, and planting scale are the
deep root causes of farmland green use [40]. Some scholars have also studied the impact of
macro factors on farmland green use from the perspective of national strategy, agricultural
policy, and technological innovation [38,41].

In conclusion, academia has conducted in-depth discussions around GTFU from
forms, characteristics, mechanisms, and impacts, but the research on its transition model
is still insufficient. Under green development, the ecological and green use of farmland
will become the future trend of farmland use transition. The GTFU will become a research
hotspot for farmland use transition in the future. To respond to significant strategic needs
such as green development and ecological civilization, we have to design a set of scientific
indicators to measure the outcome of GTFU and to further identify the temporal-spatial
regulations and mechanisms of GTFU.

3. Data Sources and Methodology
3.1. Research Area

Hubei Province is located in the central region of China. The terrain is roughly sur-
rounded by mountains in the east, west, and north, with a low and flat middle and an
incomplete basin that opens slightly to the south. In the province’s total area, mountains
account for 56%, hills account for 24%, and plain lakes account for 20%. Hubei Province is
located in the subtropical zone. With the exception of its alpine areas, most of the province
has a subtropical monsoon humid climate [42]. Since the reform and opening up, farmland
resources in Hubei have been inefficiently used and have been seriously lost, and the func-
tion of food production has been weakened [43]. GTFU has faced significant challenges.
Given the important strategic position of Hubei Province and the uneven utilization of culti-
vated land, exploring the characteristics and possible reasons for the green transformation
of farmland use in this region should be representative (Figure 1).

02550 100 150 200 v
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Figure 1. The location and DEM of Hubei Province.

3.2. Data Sources

Land use data: The land use data used in this paper come from the interpretation data
from Landsat TM (30 m), which was provided by the Chinese Academy of Sciences (2000,
2005, 2010, 2015, 2018), and the classification system is the current land use classification
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standard (GB/T21010-2007). We calculated the fragmentation degree of the farmland
landscape and the area of farmland that has returned to forest and grassland environments
based on the Landsat TM data.

Socio-economic data: The socio-economic data, mainly in Quality and Structure of
spatial transition as well as the functional transition and model transition, come from the
China Economic and Social Big Data Research Platform (https://data.cnki.net/, accessed
on 24 October 2021). This type of data is annual data, which is the main data source
for calculating GTFU, and the entropy method was used to calculate the weight and
evaluation value.

Geodata: Geodata such as DEM come from the 1:4,000,000 databases of China’s
National Basic Geographic Information System (http://nfgis.nsdi.gov.cn, accessed on 24
October 2021). This type of data is mainly used to characterize the topographic information
of the three regions in the east, middle, and west of Hubei Province and to analyze the
regional differences in terms of coupling and coordination.

Due to part of the data being unavailable, we used interpolation and moving average
methods to supplement the data [12,17].

3.3. Methodology

This research evaluates GTFU, identifying its coupling pattern, distribution, and
driving mechanisms over spatial and temporal dimensions. The research methods adopted
here are the entropy weight method and the coupling coordination degree model.

3.3.1. The Evaluation of GTFU

Combining existent literature [8,10-17,19,35-41] and comprehensively considering
data availability and the difficulty of quantification, an evaluation index system was
established under scientific, systematic, and hierarchical means (Table 1).

In detail, the spatial transition and functional transition indicators mainly refer to the
existing indicator framework of Song and Long et al. [8,10-12,17,19] on FUT and the model
transition indicators are summarized based on the existing indicators of GFU [35-41]. The
above-mentioned indicator framework has been recognized and adopted by scholars, so
we have adopted them selectively. Due to the overlap of a small number of indicators
between the three dimensions, the merging was conducted under the premise of ensuring
the integrity of the indicator system in the construction of the indicator framework (Table 1).
Since the weight of each indicator is relatively small in the time calculation process, the
result error caused by the merging operation is acceptable.

Table 1. The GTFU evaluation system.

Principal Layer Indicator Layer Index Explanation Attr. @ Weight

Farmland area per Farmland area/rural population; reflects
. . + 0.0141
Ouantit capita changes of farmland area per capita
uanti
y Land reclamation Farmland area/total land area; reflects the
+ 0.0256
rate changes of farmland area
. . The total sown area of crops/total area of
Multiple crop index farmland=; reflects farmland utilization * 0.0353
) Power of agricultural machinery per
SPa_tlj“l Input structure labor /chemical input per land; reflects the + 0.0256
transition input structure
Structure
The sown ratio of Grain crops planting area/total farmland /crop
: . + 0.0082
grain crops system; reflects the change of planting type
Grain to the cash The sown area of grain crops/ Planted area of
. cash crops; reflects changes in planting + 0.0096
crop ratio
structure
Form Landscape Number of farmland patches/area of farmland - 0.0256

fragmentation
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Table 1. Cont.
Principal Layer Indicator Layer Index Explanation Attr. @ Weight
Average gross The total output value of planting
output of planting industry/farmland area; reflects the + 0.0283
industry production
Production . . Total grain output/sown area of grain crops;
. Per capita grain . . .
function ] reflects the grain production capacity of + 0.0456
production
farmland
Labor force per area  Planting industry employees/area of farmland;
L . + 0.0244
of farmland reflects the efficiency of farmland production
Agricultural income Per capita hpuseholfi agrlcultura} income/per
) to total income ratio capita net income in rural areas; reflects the + 0.0288
Functional economic and livelihood guarantee function
transition B ) .
Livi Per capita grain Grain production/total population of the
ving prta g region reflects the grain security function of + 0.4834
function procession farmland
Agricultural Agricultural employment-population/total
. labor force; reflects the employment guarantee + 0.0008
employment ratio P .
unction
Non-point source Chemical fertilizer applied /farmland area;
lozical pollution intensity of reflects the capacity of farmland to - 0.0386
Eco oglca fertilizer environment
function
. The formula in the note reflects the restoration
Variety of crops capacity of the farmland ecosystem @ " 0.0349
Water-savin Water-saving irrigation area/total area of
C & farmland; reflects water conservation in + 0.0495
irrigation ratio
farmland use
Save Energy consumption  Total agricultural energy consumption/total ) 0.0495
resources per area of farmland farmland; reflects energy conservation ’
Total power of Total power of agricultural machinery
agricultural /farmland area; reflects mechanization for + 0.0238
machinery labor-saving
Oreanic fertilizer Green manure sown area/farmland area;
Mofi?l ing ut intensit reflects the degree of organic fertilizer + 0.0341
transition Environmentally P Y utilization
friendly ;
Returning farmland Area of returning farmland to forest and
to forest and . .. + 0.0067
grassland reflects environment coordination
grassland
Space The proportion of Facility farmland area /farmland area; reflects
_opac facility agriculture the efficient and intensive use of farmland + 0.0028
intensive eys
area facilities
Agricultural Number of agricultural
Advanced .. .. .
technicians per technicians/agricultural employees; reflects + 0.0048
technology . ;
capita agricultural technology

Note: (D Attri. represents attribute. 2) The formula for variety of crops represents the ratio of the sown area of various crops to the sown
area of crops. For calculation, this study selected the largest planted area of corn, wheat, soybean, rice, potato, peanut, and other crops in

Hubei Province.

Spatial transition mainly measures the apparent morphological changes of farmland
use from quantity, structure, and morphology. Functional transition mainly measures
the recessive farmland changes from production function, living function, and ecological
function. Model transition focuses on green development to measure the green utilization
of farmland from the dimensions of resource conservation, environmental friendliness,
space intensiveness, and advanced technology.
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We used the entropy weight method to calculate the weight and the evaluation scores
of GTFU. The main steps are as follows:

Data standardization: There are differences in the dimensions and magnitudes of the
GTFU indicators, and the positive and negative signs of the indicators and the indicator
data need to be standardized. the positive and negative indicators should be standardized
separately.

Positive indicator:

XZ{]- = (Xl-]- — minX]-)/(maij — mian) 1)
Negative indicator:
Xj; = (maxX; — X;j)/(maxX; — minX;) ()
Calculate the ratio of
LYy =X/ Z X} ®G)

Calculate the information entropy:

(Y x LnYy) (4)

[\13

Ejz —k

i=1

k= 0<e¢ <1, andwhenY =0, thenY anY =0

— Lum m’
Calculate information redundancy
d] =1- €]' (5)
Calculate the weights:
n
j=1

Calculate the evaluation values:

U; = w; x ij (7)

X;i,
and minX;, maxX; are the minimum and maximum values of the indicator j in all years,
respectively. m is the number of research years, and n is the number of indicators. The
weight and the standardized index value are multiplied to obtain the evaluation value of
the index in a specific year.

Xl{]- are the original and standardized value of indicator j in a specific i year,

3.3.2. Coupling Pattern of GTFU Evolution

In this paper, the coupling and coordination degree model was used to measure the
coupling and coordination effects of the three dimensions of the GTFU. The main reason
for adopting the coupling coordination degree model is to measure the coupling and
coordination effects of space transition, function transition, and mode transition in GTFU,
by focusing not only on mutual restriction but also on the quality of the coordination
between the three principal layers and because adopting coupling coordination model is
scientifically reasonable.

The main steps are as follows:

C:nul><UQ><...><l;l[n (8)
(u]+u2+..e+u,,>
n

T =owa1U; + a2y +...0,Uy 9)
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U; represents different GTFU evaluation results in Equation (7). C, T are the overall
coupling degree, the comprehensive coordination degree. a; represents the weights.

4. Result and Analysis
4.1. The Temporal-Spatial Characteristics of GTFU Evolution

Regarding the weights, the current indicator that has the most significant impact on
GTFU in Hubei Province is grain production per capita, which essentially reflects that food
security is still the core function of the use of farmland in Hubei Province at this stage
(Table 1). It is closely related to the current primary national conditions in Hubei and even
those in China. From the perspective of the principal layer, the spatial transition has the
lowest weight, only 0.144, the model transition has a weight of 0.1712, ranking second,
and the functional transition has a weight of 0.6848, which is much higher than the weight
of the other two dimensions. Even without considering the weight of grain production
per capita, the weight of the functional transition reaches 0.2014, and the weight is still
the highest. This shows that functional transition has the greatest impact on GTFU at the
current stage and that the promotion of GTFU development should start with functional
transition.

Based on the weights, we calculated the evaluations of GTFU from the temporal and
spatial dimensions to observe the characteristics of GTFU. The results are discussed below.

4.1.1. The Temporal Pattern of GTFU Evolution

The entropy method was used to calculate the GTFU development level in various
cities in Hubei Province from 2000 to 2019, and the results are shown in Table 2. The
measurement results show that GTFU in Hubei Province exhibited two prominent charac-
teristics in the studied period. First, the overall GTFU evaluation value was relatively low,
as most evaluations were no more than 0.25. Due to the lack of scientific and reasonable
comparison standards, it is hard to judge the GTFU development status. Thus, we use
the average level of Hubei Province as the evaluation standard to evaluate the GTFU
development in various cities.

Table 2. The GTFU evaluation results.

City/Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Wauhan 008 008 009  0.09 0.09 010 010 010 010 0.10
Huangshi 008 008 008 009 009 0.09 0.09 009 009 0.09
Shiyan 0.11 0.11 0.11 0.11 012 012 013 013 013 0.14
Yichang 010 010 010 010 0.11 0.11 0.11 0.11 0.11 0.11
Xiangyang 0.09 009 009 009 010 010 010 010  0.10 0.11
Ezhou 007 008 008 008 007 007 007 008 008 0.09
Jingmen 0.09 010 010  0.09 010 010 011 010 011 0.11
Xiaogan 008 008 008 008 008 008 008 008 008 0.08
Jingzhou 010 010 010 010 0.11 0.11 0.11 009  0.09 0.10
Huanggang 0.19 019 021 017 017 018 018 018 018 0.18
Xianning 0.11 0.11 012 012 0.13 013 012 009  0.09 0.10
Suizhou 007 007 008 008 008  0.09 009 008 009 0.09
Enshi 010 0.1 0.11 0.11 012 012 012 012 013 0.13
Qianjiang 012 012 011 012 012 013 013 012 013 0.12
Xiantao 008 008 008 008 008  0.09 009 009 009 0.09
Tianmen 008 008 008 008 0.09 0.09 010 009 010 0.10
Shenlongjia 007 008 008 008 0.08 0.09 0.09 010  0.09 0.09

Average

0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.10 0.11 0.11
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Table 2. Cont.

Year/City 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Wuhan 0.10 0.11 0.10 0.11 0.11 0.11 0.12 0.11 0.13 0.11
Huangshi 0.09 0.10 0.10 0.10 0.12 0.13 0.13 0.11 0.11 0.11
Shiyan 0.14 0.14 0.14 0.15 0.15 0.15 0.16 0.16 0.16 0.16
Yichang 0.12 0.12 0.12 0.12 0.12 0.13 0.13 0.13 0.13 0.14
Xiangyang 0.11 0.12 0.11 0.12 0.12 0.12 0.15 0.13 0.14 0.14
Ezhou 0.09 0.10 0.09 0.10 0.10 0.10 0.10 0.10 0.10 0.11
Jingmen 0.12 0.12 0.12 0.12 0.13 0.13 0.14 0.14 0.15 0.15
Xiaogan 0.09 0.09 0.08 0.09 0.09 0.10 0.10 0.10 0.10 0.10
Jingzhou 0.10 0.11 0.10 0.11 0.12 0.13 0.13 0.13 0.14 0.15
Huanggang 0.19 0.20 0.16 0.19 0.20 0.20 0.20 0.24 0.25 0.25
Xianning 0.10 0.10 0.09 0.10 0.10 0.11 0.11 0.10 0.11 0.11
Suizhou 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.11 0.11
Enshi 0.13 0.13 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Qianjiang 0.13 0.13 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Xiantao 0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.14 0.14 0.14
Tianmen 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.12
Shenlongjia 0.09 0.09 0.10 0.10 0.10 0.11 0.11 0.11 0.12 0.12
Average 0.11 0.12 0.11 0.12 0.12 0.12 0.13 0.13 0.13 0.14

From 2000 to 2019, the evaluation results for Qianjiang, Shiyan, Jingmen, Huanggang,
and Enshi were higher than the average level of Hubei Province. (Table 2). Cities with
higher-than-average GTFU evaluations are distributed in the mountainous and plain areas
of Hubei Province, and they do not show prominent agglomeration characteristics.

Second, the GTFU evaluation value shows a clear increasing trend over time. We
calculated the annual growth rates of the three dimensions of the evaluation values fir
spatial transition, function transition, and model transition according to Table 1 and plotted
the density curve (Figure 2). Figure 2a shows that the kurtosis coefficient of the annual
growth rate of spatial transition is close to 3, a normal distribution. The growth rate of the
spatial transition is mainly distributed between —0.11-0.10. The average growth rate is 0.04,
the standard deviation is 0.25, and the skewness coefficient is more significant than 0.98,
indicating that the overall spatial transition from 2000 to 2019 has shown a growth trend.
The result of the spatial transition shows that the transition of functions of various cities in
Hubei Province is quite different, which is inseparable from the considerable difference in
the geographical environment of “mountains-plains-low hills” from west to east Hubei
Province.

Figure 2b shows that the growth rate of the GTFU function transition in Hubei Province
is highly concentrated and is mainly clustered between 0.02 and 0.11, with a skewness coef-
ficient as high as 72. A few cities have higher growth rates and fewer outliers. Nevertheless,
the difference is significant, resulting in the density curve showing “sharp peak and fat
tail” characteristics. The functional transition mainly reflects the changes in the production,
life, and ecological functions of farmland. The high degree of agglomeration indicates that
the use of farmland in various regions of Hubei Province is showing a solid balance, which
is inseparable from the implementation of agricultural policies and the extensive use of
science and technology.



Sustainability 2021, 13, 11892

10 of 15

Frequency

Mean: 0.04 1 Mean: 0.06
Std.Dev: 0.28 250 Std.Dev: 0.08
Skewness: 2.85 1 100 Skewness: 72.00
Kurtosis: 0.98

350 q 6.00 60 q 450

1.60

Density

4 140 300

Density
Frequency
Frequency
Density
IS

4 500 50
Mean: 0.23 1 3.50
Std.Dev: 0.09
Skewness: 1.70 1 3.00
Kurtosis: 1.20

1.20
1 400 0
200 | Kurtosis: 8.45
1 080 1 500 %

4 0.60 0 r

4 200 20
1 040 100

4 020 50 b 1 100 10

0.00

P 0 0.00 ]
AN

0.02 0.11 0.19 0.27 0.36 0.44 0.52 0.60 0.69 0.77 0.09 0.14 0.20 0.25 0.31 0.36 0.42 0.47 0.53 0.59
Group Group

(b) (c)

Figure 2. The density curve of three dimensions of GTFU. (a) Spatial transition; (b) functional transition; (c) model transition.

The characteristics of the density curve of the model transition are similar to those
of the spatial transition (Figure 2c). However, the density value is higher than the spatial
transition value. The growth rate is distributed to the right of 0, indicating that the model
transition is in a continuous growth trend that is inseparable from China’s ecological
civilization construction and agricultural modernization strategy.

4.1.2. The Spatial Pattern of GTFU Evolution

We used ArcGIS to create a spatial distribution map of the GTFU growth rate spatial
transition, functional transition, and model transition in the three phases of 2000-2010,
2010-2019, and 2000-2019.

(1) Spatial transition: The spatial transition shows apparent differences between the
east and the west. Figure 3a—c show that the growing area (i.e., the growth rate is positive)
is mainly in the west and the central area, and it grows fast. The decreasing region (i.e.,
the negative growth rate) is mainly in the east and the southeast in the period from 2000
to 2019.

The possible reasons for this are as follows: The spatial transition mainly reflects the
quantity, structure, and form of farmland. Because the western and central regions are the
prominent precipitation-producing areas in Hubei Province, agricultural mechanization
and modern agriculture have made substantial progress in the past 20 years in these
areas. The improvement of regional farmland utilization efficiency, farmland planting
structure, and large-scale agricultural operation have become the primary drivers for
spatial transition growth. On the contrary, rapid urbanization in eastern cities has occupied
a great deal of arable rural land, which has further caused the per capita farmland area to
decline. The sown area of low-profit food crops has decreased, and farmland fragmentation
is more severe than before. Therefore, the spatial transition evaluation has declined slightly
and is unstable.

(2) Functional transition: The decreasing regions are mainly in the west and the central
parts of the province, while the growing areas are mainly in the east (Figure 3d—f). Since
the functional transition mainly reflects farmland changes in the production, ecological,
and living functions, this index reflects the continuous increase in farmland function in the
eastern part and the continuous decline of farmland function in the western regions. This
phenomenon is related to the principal value growth of farmland under urbanization. In
the east, the integration of agricultural planting and ecological tourism, the rapid increase
in the total output of the planting industry, and the ecological value in the eastern region are
the most critical drivers for functional transitions. In the west and central areas, farmland
is still dominated by traditional crops, and the functions of tourism, income growth, and
ecological protection have not yet been fully utilized.



Sustainability 2021, 13, 11892 110f15

Legend Legend Legend

MU L Ikiometers Nl = —0.%0 0-015 (> 0.%0 MU kiometers M < o020 Jo—ois [l o3 MU L kiometers I < 0.0
03060 120 180 240 I o.50-0 [0 0.15-0.30 03060 120 180 240 I 0. 20— [I 0. 15-0.30 03060 120 180 240 -0.0--0.14 0-0.25

(b)

Legend Legend Legend

T L iometers [l <-0.50 [ 0-01s > 0.1 MU L Kiometers [ <—o.c0 [ o050 > MU L kiometers MM <00 [ Jo-os > 050
I —o.50—0 [ 0. 15-0.%0 03060 120 180 240 I -o.c0—0 [ o0.50—1 03060 120 180 240 | B 0.15-0.50

Legend

Legend Legend
MU LT Tkiometers MM <00 T o—o.0 [ ) L1 Tkiomet . -
mu— L 1 <—0.5 —0.5 ilometers <—0.5 %
03060 120 180 240 [y 0.10-1 03080 120 T80 24:"""‘8'66 [ ] o-0.50 (> 03080 120 180 240 I =< -o50 [ o-0.2 >
I o.50-0 [ 0501 [ o500 [ 0.25-1
(8) (h) (i)

Figure 3. The growth rate of spatial, functional, and model transition from 2000-2019. (a) Spatial transition 2000-2010;
(b) spatial transition 2010-2019; (c) spatial transition 2000-2019; (d) functional transition 2000-2010; (e) functional transition
2010-2019; (f) functional 2000-2019; (g) model transition 2000-2010; (h) model transition 2010-2019; (i) model transition
2000-2019.

(3) Model transition: The model transition change rate mainly reflects environmental
friendliness, technological level, space utilization, and resource conservation in terms of
farmland use. In this regard, there are apparent differences between the eastern and west-
ern parts of Hubei Province (Figure 3g—i). The model transition index of the eastern region
is in a state of continuous growth, which may be close to Wuhan and the development of
Wuhan urban agglomeration. Affected by the radiation of Wuhan's science and technology,
talents, capital, the industrial layout of the eastern cities has been optimized, agricultural
tourism has developed rapidly, and the level of agricultural technology and the ecological
environment has been improved. The continuous deterioration of the functional transition
of farmland in the western region is related to precipitation. This part of the province is
mostly mountainous and hilly, making it not suitable for the large-scale promotion of agri-
cultural technology. However, there may be more reasons for the continuing deterioration
that need to be further explored.

4.2. Coupling Characteristics of Farmland Spatial, Functional, Model Transition

The coupling degree refers to the degree of interaction among the spatial, functional,
and model transitions. In contrast, the degree of coordination refers to the degree of
benign coupling in the interaction, reflecting the quality of coordination, and can indicate
whether each function promotes each other at a high level or if it is a low level of mutual
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reprecipitation. Adopting the coupling coordination model, we calculated the coordination
and coupling values among the spatial, functional, and model transitions and present the
data from the years 2000, 2010, and 2019 in Figure 4.
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Figure 4. The coupling, coordination results for 2000, 2010, and 2019. (a) Coupling 2000; (b) coupling 2010; (c) coupling
2019; (d) coordination 2000; (e) coordination 2010; (f) coordination 2019.

On the whole, the results of the coupling degree (2000, 2010, and 2019) show a higher
coupling degree in the spatial transition, functional transition, and model transition in
2000, 2010, and 2019 (Figure 4a—c). The overall interaction is relatively strong, and there is
a gradually increasing trend over time. Regarding regional distribution, the regions with a
high coupling degree (Running-in stage, Maturity stage) in 2000 were mainly in the central
and eastern areas of the province. In 2010, they were mainly in the central part of Hubei. In
2019, there was an eastward- and northward-moving trend.

On the other hand, compared to the coupling degree, the coverage area of the coordi-
nation degree of the corresponding value interval has been dramatically reduced, and the
low-value area has increased significantly. The coordination index shows that the spatial
transition, functional transition, and model transition from 2000 to 2019 were basically in a
low-level coordination situation (Figure 4d—f), indicating that the three are restricting each
other and that the benign interaction is weak.

The possible reason for this is as follows: Abundant arable land resources and im-
proved agricultural modernization have gradually increased the economic, production,
and ecological functions of arable land. More attention has been paid to environmental
protection and technological progress in terms of farmland use. The model transition index
has also improved. However, a large amount of farmland has been occupied under urban-
ization. The area of farmland per capita has continued to decrease, farmland fragmentation
has become more serious, and the coordination of GTFU has shown a downward trend.
The data can also prove the continued deterioration of farmland fragmentation. In 2000, the
standardized value of the average farmland landscape fragmentation in Hubei Province
was 0.0212. In 2019, the value was 0.0251.
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5. Conclusions and Policy Implications
5.1. Conclusions

This research takes 17 prefecture-level cities in Hubei Province, China, as the research
area, evaluates the GTFU historical and current development situations from 2000 to
2019, and then explores the temporal and spatial distribution of GTFU and its driving
mechanisms. The main conclusions are as follows:

(1) The GTFU in Hubei Province is in its infancy, but it has great potential. The total
evaluation value of GTFU is low, but GTFU shows a slow-growth trend over time.

(2) The evolution rate of GTFU has noticeable regional differences: (a) Overall GTFU:
Cities with a higher-than-average GTFU assessment are distributed in the mountainous
and plain areas of Hubei Province, and they do not show prominent agglomeration char-
acteristics. (b) Space Transition: The decreasing region in terms of GTFU growth rate
is gradually shrinking over time, and the western cities have a faster growth rate than
the eastern cities do, and the growth rate is relatively stable. The eastern cities have a
downward trend in terms of the spatial transition growth rate. (c) Functional transition:
The decreasing regions are mainly in the west and in the central parts of the province,
while the growing regions are mainly in the east. (d) Model transition: Rapid growth can
be observed in the eastern and central regions, and slow growth can be observed in the
western regions.

(3) The three dimensions of GTFU have significant spatial differences in terms of
coupling and coordination, and the phenomenon of decoupling is becoming increasingly
prominent. The three types of transitions have a high degree of coupling but poor coordi-
nation. The high-value coupling and coordination areas are primarily in underdeveloped
rural areas. Driven by high-speed urbanization and industrialization, the highly devel-
oped areas of modern agriculture have gradually shifted from a highly coupled state of
coordinated development of space, function, and model to a low degree of coordination
over time.

Compared to existing research, the current GTFU research emphasizes the spatial
form transition and functional transition of farmland use. There is insufficient research on
the transition of farmland use mode, and few scholars have integrated the two from the
perspective of GTFU [17-24,27-32]. This is the innovation of this research, and it is also a
useful discussion. In addition, existing research does not discuss the level of the coupling
relationship between the GTFU internal subsystems but rather focuses more on the overall
level of GTFU to explore its time and space differences [15-19], which is not conducive
to our in-depth understanding of how to coordinate the development of internal GTFU
subsystems. This paper has conducted a preliminary discussion on this aspect and found
coupling and correlation changes in internal GTFU subsystems under different time and
space conditions.

5.2. Policy Implications

(1) The spatial transition, functional transition, and model transition of GTFU in
Hubei Province have grown slowly under urbanization and industrialization. However,
the demand for the sustainable transition of farmland utilization in economic and social
development has continued to increase. Therefore, it is necessary to fully understand
the law and driving mechanisms of farmland transition, explore the weakening trend
of GTFU, and activate the development momentum of agricultural modernization and
industrialization. Thus, this research will help to promote the transition and upgrading
of traditional agriculture, enhance the endogenous development momentum, increase
agricultural output, and accommodate employment benefits.

(2) The utilization and management of farmland should be guided by the dominant
needs of people at different levels of social and economic development. GTFU has shifted
from the spatial transition and functional transition during low socio-economic periods
to model transition during the rapid development of non-agricultural industries. Various
transitions between various cities in Hubei Province have strong coupling but lack coordi-
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nation. The primary land supply mechanism, planning, and decision-making mechanism
should be improved. Landscape design and ecological design should be conducted to
strengthen the scientific and technological level of farmland use and intensive use. Arable
land should be protected, and sustainable uses for arable land should be realized and
determined.

(3) GTFU evolution has prominent regional differentiation characteristics. Differenti-
ated and diversified farmland utilization and management from developed urban areas to
underdeveloped traditional agricultural areas have been implemented to optimize the lay-
out of this transition. Developed urban areas have a massive demand for urbanization and
industrialization. We must change our knowledge and protect regional ecological security.
It is necessary to shift from developing ecological agriculture and organic agriculture to
internalize the external cost of farmland loss, strengthening the ecological protection of
farmland, and realizing the model transition and function transition of farmland use. For
underdeveloped rural areas, it is necessary to advocate for the development of modern
agriculture while improving the economic benefits of farmland and increasing its labor
absorption capacity to realize the coordinated development of the farmland space, function,
and development model.
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