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Abstract: The Yangtze River Economic Belt (YREB), an important industrial belt for food security for
China, is facing the challenge of decreasing cultivated land in the process of rapid urbanization. In
this case, how to improve the cultivated land use efficiency (CLUE) has become the top priority. Based
on data from 108 cities of YREB from 2001 to 2019, we measured CLUE using a slack-based measure
with undesirable output (SBM-Undesirable). The high-value area of CLUE shows a trend from
multi-core agglomeration to two-core agglomeration, mainly concentrated in Chengdu-Chonggqing
urban agglomeration and the northern part of the YREB. Then the paper examines the spatial effect
of urbanization on CLUE using the Spatial Error Model (SEM). The result shows that population
urbanization has significantly promoted the improvement of CLUE in YREB during the sample
period. With each percentage point increase in population urbanization, CLUE will increase by 2.99%.
Land urbanization has a negative impact on CLUE, for each percent increase in the expansion of urban
spatial scope, CLUE will decrease by 0.06%. The spatial heterogeneity analysis shows that population
urbanization in the lower reaches has significantly promoted CLUE, with a coefficient of 1.053. The
population urbanization level in the middle and lower reaches of the region has no obvious effect
on CLUE. The coefficient of land urbanization in the downstream region is 0.35, which significantly
promotes CLUE. The coefficient in the middle is —0.26, which implies the CLUE decreases by 0.26%
for every one percentage point increase in land urbanization. Land urbanization in the upper has no
significant impact on the CLUE. Policy implications include improving the quality of the three major
urban clusters along the YREB, building an ecologic protective screen in the upper, encouraging a new
agricultural management system and detailed regulations related to the cultivated land protection
in YREB.

Keywords: urbanization; cultivated land use efficiency (CLUE); Spatial Error Model (SEM); Yangtze
River Economic Belt (YREB)

1. Introduction

Cultivated land is the basic resource of human survival and development [1,2]. Farm-
land protection is of great importance for food security and social stability, especially given
the dual impact of COVID-19 and regional tensions [3,4]. Over recent decades, developing
countries are characterized by a decrease in rural land use and an increase in urban land use
through urbanization [5,6]. In China, where urbanization has reached 60%, the cultivated
land area only accounts for one-eighth of the total land area. With the acceleration of
urbanization, cultivated land area is still shrinking unceasingly, which is an indisputable
fact [7,8]. In this case, it is particularly important to make full and reasonable use of every
inch of cultivated land and improve the cultivated land use efficiency (CLUE) [9,10]. What
is more, the redistribution of urban and rural labor forces and cultivated land brought
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by urbanization will inevitably affect the CLUE [11,12]. Therefore, understanding the
relationship between urbanization and CLUE is crucial to the sustainable development of
cultivated land [13-15].

The Yangtze River Economic Belt (YREB) covers 25% of China’s land area and accounts
for more than 40% of the population and Gross Domestic Product (GDP) [16]. It is the
economic belt with the most vitality and development potential in China, with self-evident
importance to the economy. However, with dramatic urbanization and industrialization,
YREB is also facing the problem of increasingly scarce cultivated land resources. The
14th Five-Year Plan proposes to improve the efficiency of resource utilization and promote
the coordinated and sustainable development of the middle and lower reaches of the
YREB and the eastern, central and western regions. Under the new development concept,
promoting high-quality development of the YREB, especially striking a balance between
ecological and environmental protection and economic growth, is a major strategy for
China’s overall development. Cultivated land is the most important factor of production
in agricultural development. Therefore, improving the CLUE has become an urgent issue
in the face of dwindling arable land in YREB [17]. The rapid urbanization of the YREB
inevitably has brought about the decline of the cultivated land area. Does it do the same to
the CLUE? What is more, how do we handle the relationship between urbanization and
cultivated land use in the YREB? How can YREB better realize the coordinated development
of economy and ecology in the process of urbanization? Figuring out these problems has
become important content in studies on YREB.

To date, research on cultivated land mostly focuses on the evaluation of CLUE or the
quality of cultivated land. Scholars have reached different conclusions on the trend of
CLUE based on different methods or sampling. Some suggested that CLUE was on the rise.
Kuang et al. [18] analyzed the CLUE of China and showed that there was an increasing
trend in CLUE from 2000 to 2017. Besides, most provinces had much lower levels of CLUE
with significant spatial disparities [19]. Herzig et al. [20] presented a novel approach to
assess explicitly the resource-use efficiency of land use and the test assessment showed
that the resource-use efficiency could be increased by 11% for both nitrate and sediment
loss in the Haean catchment, South Korea. Masini et al. [21] presented a multidimensional
analysis of land-use efficiency in terms of the per-capita built-up area over 417 metropolitan
regions from 27 European countries and the results indicated that wealthier cities were
characterized by higher land-use efficiency.

Others concluded that CLUE was declining. Fei et al. [22] and Guo et al. [23] thought
the CLUE in China had decreased overall from 2004 to 2017, showing a decreasing trend
from the east to the central and west. It has not evolved towards harmonious development
of the environment and economy. Xie et al. [24] found that the net loss of topsoil through
cultivated land use is 1.75 times the resilience of the cultivated land system, which places
tremendous pressure on cultivated land protection. Lu et al. [25] took 65 cities of the
Yellow River Basin as the basic evaluation unit and found that the CLUE presents a trend
of “rising first and then falling”. Yang et al. [26] indicated that socioeconomic development
level, agricultural science and technology investments, carbon emission reduction, and
agricultural pollution control could all effectively improve the CLUE in the YREB.

As for the impact of urbanization on cultivated land, most scholars hold that ur-
banization was one of the main reasons for the decrease in cultivated land resources in
China [27]. The evolution of cultivated land is driven by climatic, economic, and social
factors, of which population density is one of the most important factors [8]. With the
development of urbanization, a large amount of cultivated land had been transformed
into industrial land, infrastructural land and residential land, resulting in the reduction
of cultivated land [28,29]. Yang et al. [30] have explored the trajectory and driving paths
of rural transformation in traditional agricultural areas, taking the Loess Plateau of China
as an example. They found that regional urbanization was one of the key forces affecting
traditional agricultural areas. Under the impact of urbanization and other factors, land
use showed an eco-transformation from farmland to forest land, and from cultivated land
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gradually to uncultivated land. Tian et al. [31] found that the expansion of non-agricultural
land had been mainly characterized by the growth of industrial land by combining Landsat
TM images and land use maps based on a site survey. This is in line with Haroon and
Mohd [5], which concluded that the amount of built-up area had increased dramatically
whereas the area under agriculture had decreased drastically due to urban expansion from
1991 to 2010. Li et al. [32] measured changes in rainfed land, paddy land, irrigated land and
orchards in the peri-urban area throughout a period of rapid urbanization and indicated
that irrigated land and orchards were mainly distributed within urban-adjacent areas, and
paradoxically showed an evident decrease in quantity across time. Hou et al. [33] systemat-
ically analyzed how urbanization influenced the CLUE and concluded agglomeration and
barrier effects had a significant negative effect on the CLUE, while driving and feedback
effects presented significant positive effects. However, other scholars argued that urbaniza-
tion was conducive to the improvement of land use intensity and can protect cultivated
land. Since the per capita construction land in urban areas was less than that in rural areas,
population urbanization would not only not increase the occupation of cultivated land, but
also could protect cultivated land [34]. Li et al. [35] found strong connections between the
land conversion rates and urban-rural transformation intensity in the Bohai Rim region.
That is, rapid land conversion normally takes place in counties/districts of low initial level
of urban-rural transformation.

Although existing studies have provided rich insights into understanding the rela-
tionship between urbanization and CLUE, more efforts are still needed to account for the
relationship between the two. First, studies mostly have focused on the impact of urban-
ization on urban land efficiency [36-38] or the reduction of the cultivated land area [39].
The impact of urbanization on CLUE has been rarely studied, especially along the YREB,
the most important driving force for China’s economic development. Second, there is
abundant research on the measurement of CLUE in the existing literatures. However,
when it comes to the impact of urbanization on CLUE in YREB, the measurement of CLUE
lacks consideration of environmental issues. Besides, urbanization is accompanied by the
gathering of the population into cities and the expansion of urban space. These are not fully
recognized in previous studies, leading to errors or deviations in estimating and analyzing
process. Third, the measurement of CLUE mainly adopts the data at the provincial level,
while the data at the municipal level are rarely used.

The contribution of this study is as follows: (1) Compared with previous studies,
this paper focuses on the differentiated impact of population and land urbanization on
CLUE in the YREB. The result makes a clear understanding of the impact of urbanization
on CLUE, which is of great significance for promoting the high-quality development of
the YREB. (2) Considering the impact of environmental pollution, this paper adopts the
SBM-Undesirable method to evaluate the CLUE in YREB. On this basis, we use the spatial
effect model to analyze the impact of urbanization on CLUE and its regional differences,
providing a reference for decision makers to rationally plan urban layout and balanced
development of cultivated land resources in the YREB (3). Different from previous studies
on CLUE in YREB, which use data at the provincial level, this paper uses the data of
108 cities in YREB to measure CLUE and analyze its evolution trend. This has important
reference value for reducing cultivated land-use carbon emissions and promoting green
and low-carbon transformations of cultivated land for YREB.

The remainder of this paper is as follows. In Section 2, we introduce the study area and
the method of spatial empirical analysis. Section 3 carries on the spatial empirical analysis.
Section 4 is the discussion. Section 5 is the conclusion with some policy implications.

2. Methodology
2.1. Study Area

The YREB (21°08’ N-35°07' N, 97°22" E-123°25' E) covers 11 provinces and cities,
including Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Sichuan,
Yunnan and Guizhou (Figure 1). We selected 108 cities as the study unit. Then according
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to the Outline of the Development Plan for the Yangtze River Economic Belt, this paper
divides the 108 cities into the lower, middle and upper reaches. The lower reaches of the
YREB involve Shanghai and 40 cities in Jiangsu, Zhejiang and Anhui provinces. The middle
involves 36 cities in Jiangxi, Hubei and Hunan provinces. The upper involves Chongqing
and 30 cities in Sichuan, Guizhou and Yunnan provinces.

[ ] niddle
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Figure 1. Map of the geographical location of the YREB in China.

2.2. Variable and Data Source

Dependent Variable (CLUE): This paper uses SBM to measure CLUE. The CLUE is
the ratio of input and output of cultivated land. Based on input-output rules and data
availability, we selected four variables, including agricultural labor, agricultural machinery,
fertilizer application rate, and agricultural sown area as the input indictors according to
Liu et al. [40] and Zhao et al. [41]. Expect output involves total grain production and gross
agricultural output value. The carbon emissions estimated by the amount of chemical
fertilizer used are taken as the undesired output. Table 1 represents the description of
variables. We used Matlab7.0 to measure the CLUE of 108 cities in the YREB from 2001
to 2019.

Table 1. Quantitative evaluation index system for cultivated land use efficiency.

Criteria Indicator
Labor force Number of workers in the primary industry (Ten thousand)
Inout indicators Mechanica Total power of farm machinery (Ten thousand kw)
P Fertilizer Fertilizer application rate (Ten thousand tons)
Land Agricultural sown area (Thousand hectares)

Output indicators

Total grain production (Ten thousand tons)
Gross agricultural output value (Hundred million yuan)
Non-point source pollution

Expect output
Undesired output

Explanatory variables (UB): Population urbanization and land urbanization are the two
main dimensions of urbanization. On the one hand, urbanization leads to the occupation of
cultivated land, the reduction of high-quality farmland, and the scarcity of cultivated land
resources. On the other hand, urbanization leads to the transfer of agricultural labor force
to cities, and the reduction of the agricultural labor force inevitably affects the efficiency of
cultivated land. Therefore, we choose population urbanization (UB;) and land urbanization
(UB,) as the core explanatory variable in this paper. Population urbanization is expressed
as the total urban population at the end of the year. Land urbanization is represented by
the proportion of urban construction land in the urban area.
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Control variable:

Economic development (EC): In economically developed areas, residents have higher
incomes. The increase in residents” demand for green organic agricultural products stimu-
lates the government to improve the supervision of food safety and agricultural resources
and ecological environmental protection, thus encouraging agricultural operators to reduce
the use of agricultural chemical inputs. All these may affect the utilization efficiency of
cultivated land. The level of economic development is measured by GDP per capita.

Industrial structure (IS): The industrial structure will directly affect the employment
structure of farmers. The developed secondary and tertiary industries will promote the
transfer of the agricultural labor force to the secondary and tertiary industries. The shift
of agricultural labor to non-agricultural industries will hinder the improvement of food
production efficiency. This may affect the efficiency of cultivated land.

In order to reduce the deviation caused by neglected variables, this paper also in-
troduced other control variables which may affect CLUE. Effective irrigation rates can
improve the quality of cultivated land, and increasing multiple cropping indexes can di-
rectly increase grain output, thus affecting the utilization efficiency of cultivated land. The
variables are shown in Table 2.

Table 2. Variable selection.

Variable Indicators
Cultivated land use efficiency (CLUE) Measured by SBM-DEA
Population urbanization (UB) Urban population (million)
Land urbanization (UB,) Proportion of urban construction land in urban area (%)
Economic development(EC) GDP per capital (ten thousand yuan)
Effective irrigation rate (EI) Ratio of irrigated area to cultivated area (%)
Multiple cropping index (MC) Ratio of sown area to cultivated area (%)
. Proportion of added value of secondary and tertiary
Industrial structure (IS) industries in GDP (%)

There are 133 cities along the YREB. We include Chaohu in Anhui Province in Hefei
as it was established in 2011. There are many ethnic minorities in Hubei and Yunnan
provinces and the statistical data in these areas are lacking. Thus this paper employed
panel data from 108 cities in the YREB from 2001 to 2019. Some missing data has been filled
in with the average of adjacent years. The data on labor force, mechanical, fertilizer, land,
gross agricultural output value, effective irrigation rate and multiple cropping index were
retrieved from the China Rural Statistical Yearbook (2002-2020). The data on population
urbanization, land urbanization and industrial structure were from the China City Statistical
Yearbook (2002-2020). The data on economics were from the National Bureau of Statistics
of China from 2002 to 2020.

2.3. Spatial Econometric Model

Given the spatial nature of the variables, the Spatial Lag Model (SLM) and Spatial Error
Model (SEM) was established. The SLM model assumes that explained variables influence
the economy of other regions through spatial interaction [42]. SEM model assumes that
the spillover of spatial effect is the result of random impact, and its spatial effect is mainly
transmitted through error terms [43]. The models are as follows:

SLM:

CLUEj= Bo+pWCLUE;+ 1 UBijit+ B2 Xit +¢it (1)

SEM:
CLUE;= Bo+PR1UBjit+ P2 Xie+ e pit= AWty +éit (2)

where i denotes the variable in region i, t represents the year in the sample period, CLUE;
represents the cultivated land use efficiency of the 108 cities in YREB, and UB;; denotes the
urbanization level of each city. It represents population urbanization when j = 1 and land
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urbanization when j = 2. Xj; is the control variable. p;; is the individual fixed effects. ¢j; is a
disturbance term that varies with individuals and time.

The paper investigates the effect of urbanization on CLUE based on the geographi-
cal weights matrix (W1) and economic distance weight matrix (W3). The spatial weight
matrixes are as follows:

_ {1, if i and j are adjacent
Wi = { 0, otherwise @)
Wo= Wy diag(YI/Y,Y1/Y...... Yn/Y) 4)

where Yi represents the average GDP of region i during the research period, and Y repre-
sents the average GDP of all regions during the observation period.

2.4. SBM-Undesirable Model

The Data Envelopment Analysis (DEA) model, originally proposed by Charnes et al. [44]
in 1978, can determine the relative efficiency of a set of comparable decision-making
units [45]. However, it ignores the output that is undesirable in the evaluation process.
To ameliorate this problem, Tone (2001) [46] has developed a slack-based measure with
undesirable output (SBM-Undesirable) with non-radial and non-angle, which can measure
the efficiency of combining desirable and undesirable outputs [26].

Suppose that the cultivated land use system of each city in YREB has n decision-
making units, m, s; and s, are the number of inputs, expected outputs and unexpected
outputs. Then, the input matrix X, desirable output matrix Y$, and undesirable output
matrix Y? are respectively expressed as follows:

X =(xq,x2 ...,x,) € R
Y8= (xéf,yg,...,yiz,) € Ro1xn

b
Y= (b ) € R

The SBM model with undesirable outputs is expressed as follows:

S
_lym 2
1 m):i=1 Xio

.
O (L, 5 /12 st/ (0 <px <)
xXo= XA+ S~
yh= YA + 5

S=, 88, 8" A>0

where p* represents the CLUE value. S~,5¢ and S represent the slack variables of input,
expected output and the unexpected output, respectively. A is the weight vector. When
p* =1, it is the optimal solution of the decision-making unit.

2.5. Data Analysis

To find an appropriate spatial model, the LM test and LR test are carried out respec-
tively before the spatial regression. In the LM test, the model with a higher statistical
significance is better. If they pass the significance test at the same level, a robust LM test
needs to be conducted, and then, a suitable model according to the results of the robust
LM test can be selected [42]. Using Stata 15 [47], the results are shown in Table 3. SEM and
SLM both pass the significant test at the 10% level at least when the matrix is W1 and W5,
but in the robust LM test, the SLM fails to pass the significant test. Thus, SEM is adopted
for spatial regression in this paper. Based on the panel data of 108 cities in the YREB from
2001 to 2019, we introduced the SEM to investigate the effects of population urbanization
on CLUE.
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Table 3. Spatial models specification results.

Methods W1 W,
LM-lag test 422,075 *** 634.346 ***

R-LM-lag test 17.828 0.62
LM-err test 2249.983 *** 1200.408 ***
R-LM-err test 1845.69 *** 566.608 ***

Note: *** denote statistical significance at the 1% significance levels.

3. Results
3.1. Spatial Correlation Analysis

To reflect the spatial features of the CLUE, the global Moran’s I has been listed in
Table 4, respectively. The indices of all variables are significantly positive at the 1% signifi-
cance level, indicating that CLUE has positive spatial autocorrelation. Before 2010, Moran's
I grew slowly, followed by a prominent growth trend after 2011, which then decreased
in 2015 and picked up in 2019. This indicates that the spatial agglomeration of CLUE in
the YREB is in the stage of increasing volatility during the sample period, but the overall
spatial differentiation pattern remains relatively stable.

Table 4. Global Moran’s I of CLUE.

Variables I z p-Value
2001 0.033 2.091 0.018
2002 0.08 4.393 0
2003 0.051 2.969 0.001
2004 0.081 4.458 0
2005 0.033 2.084 0.019
2006 0.14 7.359 0
2007 0.064 3.599 0
2008 0.048 2.821 0.002
2009 0.061 3.449 0
2010 0.095 5.131 0
2011 0.132 6.915 0
2012 0.16 8.294 0
2013 0.103 5.523 0
2014 0.119 6.274 0
2015 0.086 4.69 0
2016 0.072 3.986 0
2017 0.081 4.421 0
2018 0.091 4912 0
2019 0.138 7.209 0

3.2. Spatial Feature Analysis

The global Moran’s I index only reflects the spatial autocorrelation characteristics
of CLUE from a global perspective. In order to reflect the local spatial differentiation
pattern of CLUE in the YREB, we draw the local agglomeration evolution map using the
Arc GIS as is shown in Figure 2. In 2001, the area with a high value of CLUE showed
the spatial pattern of “multi-core agglomeration”, forming four high-value agglomeration
regions. The first polar core regions are clustered in cities like the southern cities of
Yunnan. The second is in the northern city of Anhui. The other two are located in southern
Sichuan Province and Chongging. The low values are mainly concentrated in Jiangxi
and southern Anhui provinces. The most obvious feature in 2019 is the formation of
two relatively large high-value aggregation polar cores, namely around the Chengdu-
Chongqing urban agglomeration and in the northern urban areas of the Yangtze River
Delta. In addition, a small high-value polar core region has formed in the northern city of
the Hunan Province. The low-value areas are mainly in Jiangxi and Guizhou. In general, the
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spatial agglomeration characteristics of CLUE in the YREB are relatively significant during
the sample period, presenting a spatial distribution trend of high or low agglomeration.

0 120 240 480 Miles I 0.5 - 0.81
| BN R R E—

0 120 240 480 Miles [ o.68 - 0.86
| NS N R

I o.87 - 1.00
(b)

480 Miles

(c)

Figure 2. Distribution maps of CLUE in YREB: (a) CLUE 2001; (b) CLUE 2019; (c) CLUE (changes
from 2001 to 2019).

From 2001 to 2019, regions with a large increase in CLUE value were mainly located
in the middle and upper reaches such as Guizhou, Hunan and Chongging. The upstream
area is the ecological protection barrier of the Yangtze River Basin. The middle reaches
are rich in cultivated land and water resource, which is the main grain-producing area of
China. Figure 2c shows that under the concept of green ecology, the middle and upper
reaches have clearly defined their strategic positioning. The protection of cultivated land
has achieved remarkable results, and the utilization efficiency of cultivated land has been
significantly improved.

3.3. Spatial Regression

Table 5 reports the spatial econometric estimation results of urbanization on CLUE un-
der geographical weights matrix and the robustness test results. As can be seen, population
urbanization is significantly positively correlated with CLUE. For every percent increase in
urbanization, the efficiency of cultivated land will increase by 2.99%. That is, population
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urbanization has significantly promoted the improvement of CLUE in the YREB during the
sample period. The YREB is an important growth pole of China’s economic development.
As is shown in Figure 3, the urbanization levels of Shanghai, Jiangsu, Zhejiang, Chongqing
and Hubei have all exceeded the national average, with Shanghai reaching 88.1%, Jiangsu
and Zhejiang reaching over 70%, and Hunan and Jiangxi reaching about 57% by 2019 [48].
Rapid urbanization has led to a mass migration to cities, while the decline of the agricul-
tural labor force has promoted the popularization of agricultural mechanization and the
application of science and technology. At the same time, the increase in urban consumption
demand also stimulated the large-scale operation of agriculture. Modern agricultural
industrial systems, production systems and management systems are increasingly perfect,
which is conducive to improving the output efficiency of cultivated land. In addition,
large-scale urban infrastructure construction reduces the per capita construction area. With
the development of the economy, the awareness of environmental protection is gradually
strengthened, and agricultural production conditions can be improved, which is conducive
to the improvement of cultivated efficiency.

Table 5. Spatial econometric estimation results and robustness regression.

» (2) 3 @

UB, UB, UB, UB,
UB 0.1652 ** 2.99 ** —0.0832 ** —0.0592 **
(0.1613) (2.4802) (—1.0396) (—0.7477)
EC 0.005 ** 0.0022 **
(—0.1471) (—0.6618)
EI —0.0279 —0.0229
(—0.9778) (—0.8016)
MC —0.0041 —0.0015
(—0.3273) (—0.1158)
IS 0.0086 *** 0.0084 ***
(6.8693) (6.6673)
lambda 1.0648 *** 1.2628 *** 1.0129 *** 1.0769 ***
(2.9323) (3.4919) (2.7826) (2.9772)
N 2052 2052 2052 2052
Adjust R? 0.53 0.525 0.5 0.533
Robustness regression
UB 0.22 ** 2.29 * —0.11 ** —0.09 **
(—0.2096) (1.9068) (—1.3861) (~1.1672)
EC 0.0031 ** 0.0026 **
(—0.3956) (—0.7931)
EI —0.0298 —0.0281
(—1.0357) (—0.9766)
MC —0.0014 0.0004
(—0.1107) (0.0307)
IS 0.0083 *** 0.0082 ***
(6.6031) (6.4661)
lambda 0.87 ** 0.213 *** 0.54 ** 0.226 **
(0.2003) (0.4905) (0.1245) (0.5171)
N 2052 2052 2052 2052
Adjust R? 0.53 0.542 0.52 0.540

Note: ***, ** and * denote statistical significance at the 1%, 5%, and 10% significance levels. The t-values are given
in the parentheses.

The results show that land urbanization has a negative impact on CLUE regardless
of whether control variables are included. It indicates that for each percent increase in the
expansion of urban spatial scope in the YREB, CLUE decreases by 0.06%. As is shown in
Figure 4, before 2011, the land urbanization rate of megacities and central cities in YREB
was at a high level. Many cities in Jiangsu, Zhejiang, Anhui and Hunan provinces saw
growth rates above 10% and Shanghai maintained an overall rate of about 47%. Nanchang
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in Jiangxi Province saw growth rates of 32.74%. After 2011, although the land urbanization
rate of large and medium-sized cities slowed down, the rate of non-central cities and small
and medium-sized cities has shown rapid growth. For example, Jingdezhen in Jiangxi
province and Huanggang in Hubei Province even saw growth rates of 23.26% and 16.3% in
2019. The rapid expansion of urban infrastructure and residential areas directly resulted in
the reduction of effective arable land area and the decline of cultivated land quality. Besides,
it also has promoted the improvement of fertilizer application intensity in agricultural
production, resulting in a negative effect on the CLUE.

population urbanization rate (%)

population urbanization rate (%)

[ Jo2r-030 [Jow-o0s
[ o.51 - 0.37 [ 0.52 - 0.57
I o.3s - 0.5 I o.58 - 0.62
il 0.46 - 0.56
0 120 240 480 Miles ] 0 120 240 480 Miles oo
.57 - 089 oo
(a) (b)

Figure 3. Population urbanization of YREB: (a): 2001; (b): 2019.

land urbanization rate (%)

:l null

oo -7

B 702 - 1421
0 120 240 480 Miles [ RUECERTRT
1 B 305 - 6130

(@)

1angxi

land urbanization rate (%)

I:l null

oo -719

[ 7.20 - 18.50
0 120 240 480 Miles Bl 55327
A — B 2.5 - 19.50

(b)
Figure 4. Cont.
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land urbanization rate (%)

[
oo -655
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Figure 4. Land urbanization of YREB: (a): 2001; (b): 2011; (c): 2019.

To test the robustness, the SEM are recalculated under economic distance weight
matrix (Wp). It can be known from Table 5 that the main results are basically consistent
with the above, which shows that the spatial estimation result is reliable and robust.

As for control variables, economic development in the sample period is conducive
to the improvement of CLUE. The industrial structure also shows a positive effect on the
efficiency of cultivated land, that is, the increase of the proportion of secondary and tertiary
industries in the national economy is conducive to improving the efficiency of cultivated
land. The effect of effective irrigation rate and multiple cropping index on CLUE is not
obvious in YREB during the sample period. Increasing irrigation rate and multiple cropping
index can effectively increase grain yield, but on the other hand, it may be accompanied
by the waste of water resources and excessive application of fertilizer. Besides, the quality
of cultivated land had been continued to decline due to the overuse of farmland and the
overdraft of its productive capacity [49]. Since the measurement of CLUE in this paper
comprehensively considers the impact of the ecological environment, effective irrigation
rate and multiple cropping index may not have an obvious effect on CLUE.

3.4. Spatial Heterogeneity Analysis

The YREB comprises 11 provinces and cities, straddling eastern and western China,
with vastly different economic and geographical conditions. In order to analyze the impact
of urbanization on CLUE in different regions of the YREB more specifically, a heterogeneity
test has been conducted in this paper. As is mentioned in Section 2.1, the lower reaches of
the YREB involves Shanghai, Jiangsu, Zhejiang and Anhui provinces. The middle involves
Jiangxi, Hubei and Hunan provinces. The upper involves Chongqing, Sichuan, Guizhou
and Yunnan provinces. We adopted SEM to conduct regression tests for the upper, middle
and lower reaches. The results are shown in Table 6.

Table 6. Spatial heterogeneity regression.

Lower Middle Upper

0 UB, UuB, UB, UB, UB,

UB 1.053 *** 0.35 *** —2.43 —0.26 ** —2.59 0.07
(-7.6539)  (—4.0771)  (—15291)  —2.0635  (—1.2318)  —0.1958
lambda 21726 ** 2.5082 ** 2.1458 *** 2.0753 *** 5.0017 *** 5.5245 ***
(2.2149) (2.5131) (4.4508) (4.2686) (3.0023) (3.3430)

N 779 779 684 684 589 589

Adjust R? 0.5146 0.681 0.513 0.35 0.64 0.601

Note: *** and ** denote statistical significance at the 1% and 5% significance levels. The t-values are given in
the parentheses.
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From the perspective of population urbanization, the coefficient of UB; in the lower
reaches is 1.053, significantly positive at the 1% level. This is consistent with the results of
the full sample test, that is, the population urbanization level in the lower reaches has a
positive impact on the CLUE. The downstream region has the highest degree of population
urbanization in the YREB. With the agglomeration of population size, production factors
are allocated more efficiently and agricultural labor productivity has improved, which is
conducive to the improvement of the CLUE. The UB; in the middle and upper reaches of
the region is not significant, that is, the population urbanization level in the middle and
lower has no obvious effect on CLUE. From Figure 3, we can see that a large number of
prefecture-level cities in the middle and upper reaches are small in scale and lack the ability
to attract an agglomeration population, which is not enough to attract the rural population
in the region, contributing to large numbers of population outflow to the downstream areas.
Due to the lack of population agglomeration effect, population urbanization in the middle
and upper has not exerted a corresponding positive effect on CLUE.

From the perspective of land urbanization, the coefficient of UB, in the downstream
region is 0.35, significantly positive at the 1% level. It indicates that for each percent in
land urbanization in the downstream region increases, the CLUE increases by 0.35%. This
is inconsistent with the results of the full sample. Compared with the upper and middle
reaches, the lower reaches are mostly paddy fields with fertile soil. In addition, a higher
level of economic development provides more favorable conditions for ecological agricul-
ture. All these are conducive to improving the efficiency of cultivated land. The coefficient
of UB; in the middle is —0.26, significantly negative at the 5% level. For each percent in
land urbanization increases, the CLUE decreases by 0.26%. The middle reaches connect
east and west geographically, and the provincial capitals such as Wuhan, Changsha and
Nanchang have a high comprehensive level of urbanization. Other urban agglomerations
are mainly medium-sized cities, and problems such as the imbalance between population
urbanization and land urbanization and the ecological environment are still prominent.
Therefore, it presents a negative effect on the efficiency of cultivated land. The UB, in the
upper is not significant, that is, land urbanization has no significant impact on the CLUE.
The encroachment intensity of urbanization on cultivated land in the YREB is gradually
decreasing from the lower to the upper. The construction of an ecological barrier in the
upper reaches of the Yangtze River is an important part of China’s ecological security
strategy. As is shown in Figure 5, compared with the middle and lower reaches, the upper
reaches are dominated by woodland and grassland. The core of upstream ecological barrier
construction is ecological issues rather than economic growth. The focus of the government
is to stop unreasonable deforestation, expand afforestation and biodiversity protection. In
addition, its cultivated land resources are not as abundant as the middle and upper reaches.
Therefore, land urbanization in the upper has no obvious influence on CLUE.

Forest area (Unit:ten thousand hectares)
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Figure 5. The forest area of YREB. Resources: National Bureau of Statistics of China.
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4. Discussion

With the advancement of urbanization in the YREB, the contradiction between ur-
banization and cultivated land has become increasingly prominent. In the case of limited
cultivated land, how to improve the CLUE is an inherent requirement to promote the
high-quality development of the YREB. The six provinces in YREB are China’s main grain-
producing areas, which play an important role in ensuring national food security. At the
same time, the YREB is also the region with the fastest urbanization development in China.
Therefore, how to handle the relationship between the two becomes increasingly crucial.

Urbanization is mainly manifested in two dimensions, including population and
land. With the large-scale transfer of the rural population, the population in rural areas is
hollowing out seriously, contributing to the inevitable change of the traditional farming
mode. The expansion of urban space leads to a large number of encroachments on cultivated
land. The decentralized management of land makes it difficult to realize the scale effect.
Moreover, the damage to soil caused by environmental pollution in the process of land
urbanization is difficult to repair in a short term. There is much in the literature on the
impact of urbanization on urban land use efficiency, while few studies focus on CLUE,
especially empirical studies on city-level norms. Based on data of 108 cities in YREB, the
spatial effect model test shows that population urbanization and land urbanization have
positive and negative effects on CLUE, respectively, which is consistent with the conclusion
of Gao and Wang (2020) [50].

Existing studies on the relationship between urbanization and CLUE in the YREB
mainly focus on the whole sample [17,26], and there are few studies on the impact of urban-
ization on CLUE of different regions. Through the heterogeneity test, this paper specifically
analyzes the impact of urbanization in various regions on the utilization efficiency of culti-
vated land. It is found that population urbanization and land urbanization in the upper,
middle and lower reaches have significantly different effects on the efficiency of cultivated
land due to the influence of economic development level geographical factors and Ecolog-
ical orientation. The results of the study are conducive to strengthening inter-provincial
coordination in ecological and environmental protection in the YREB and realizing the
synergy of the upper, middle and lower reaches in promoting high-quality development.

In terms of indicator selection, there are many measurement methods for urbanization.
Future research may take economic urbanization, social urbanization and the comprehen-
sive level of urbanization into consideration. Due to the limitation of data availability,
the carbon emissions estimated by the amount of chemical fertilizer used are taken as
the unexpected output when SBM is used to calculate the CLUE. This may influence the
conclusion to some extent. In addition, this paper has adopted the urban level as the scale
of spatial analysis. Smaller scales, such as the county-level units, could be considered in
future research.

5. Conclusions

With the advancement of urbanization in the YREB, the contradiction between ur-
banization and cultivated land has become increasingly prominent. In the case of limited
cultivated land, how to improve the CLUE is an inherent requirement to promote the
high-quality development of the YREB. The six provinces in YREB are China’s main grain-
producing areas, which play an important role in ensuring national food security. At
the same time, the YREB is also the region with the fastest urbanization development in
China. Therefore, how to handle the relationship between the two becomes increasingly
crucial. Existing studies pay more attention to the impact of urbanization on urban land use
efficiency, while there are few studies on CLUE, especially empirical studies on city-level
norms. Based on the panel data of 108 cities in the YREB from 2001 to 2019, this paper
adopts the SEM to investigate the impact of urbanization on CLUE. The main conclusions
are as follows:

1. The CLUE of the YREB presents a spatial distribution trend of high or low agglom-
eration during the sample period. The high-value cluster has changed from a multi-core
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cluster to a two-core cluster. In 2001, the high-value areas were mainly concentrated in
southern Yunnan, northern Anhui, Sichuan and Chongging. In 2019, the high-value areas
were mainly around the Chengdu-Chongqing urban agglomeration and the northern urban
agglomeration of the Yangtze River Delta. The low values are mainly concentrated in
provinces such as Jiangxi.

2. The spatial effect model test shows that population urbanization has positive effects
on CLUE, while land urbanization has negative effects on CLUE. The positive effect of
population urbanization is mainly due to the scale effect brought by the population ag-
glomeration caused by the rapid urbanization of the YREB. With the large-scale transfer
of the rural population in YREB, the population in rural areas is hollowing out, seriously
contributing to the inevitable change of the traditional farming mode. Meanwhile, urban-
ization provides capital, technology and professional talents for agricultural development,
and promotes the expansion and upgrading of agricultural product consumption markets.
This is conducive to rural scale management, improving the efficiency of cultivated land
use. The negative effect of land urbanization may be due to the decline of cultivated land
quality caused by the indiscriminate occupation of cultivated land and the destruction of
resources and the environment in the process of land urbanization. The expansion of urban
space leads to a large number of encroachments on cultivated land. The decentralized
management of land makes it difficult to realize the scale effect. Moreover, the damage to
soil caused by environmental pollution in the process of land urbanization is difficult to
repair in a short term.

3. Urbanization in different regions of the YREB has different effects on CLUE. For
population urbanization, the lower reaches have a positive impact on the CLUE, while the
middle and upper reaches have no obvious effect on CLUE. Compared with the middle and
upper reaches, the high level of urbanization in the lower reaches of the region has brought
scale effects to the efficiency of cultivated land. For land urbanization, the downstream
has significantly promoted CLUE. The reason for this may be related to the conversion
of a large number of dry land to paddy land. The coefficient of land urbanization in the
middle is significantly negative. The region is dominated by medium-sized cities, of which
the degree of urbanization coordination needs to be improved. The upper reaches are
dominated by woodland and grassland, and the land urbanization rate is relatively slower.
Therefore, the upper has no significant impact on the CLUE.

Based on the conclusion, we propose the following policy implications:

1. Improve the quality of the three major urban clusters along the YREB, releasing
the huge potential from population urbanization. The YREB is the most rapidly urbanized
region in China, but the economic development levels of the nine provinces and two cities
are very different. The government should deepen inter-city cooperation in the Yangtze
River Delta city cluster, the midstream city cluster and the Chengdu-Chonggqing city cluster
in terms of ecology, industry and transportation network construction. Define the functional
positioning of core cities, taking core cities such as Shanghai, Nanjing, Wuhan, Chongging
and Chengdu as the most important economic growth poles within the belt. Thus, they
can play a radiating role in the surrounding urban agglomeration. Yibin City of the
Sichuan Province should assume the role of coordinator and promoter of upstream urban
agglomeration, strengthening the county’s economy. Counties in the upper reaches of the
YREB are developing at a relatively high level, while those in the lower reaches are lagging
behind. The government should increase transfer payments and counterpart assistance to
these regions, promote the upgrading of urban consumption structure and advocate for the
concept of urban green life. This is conducive to promoting green agricultural production
and reducing the input intensity and carbon emission intensity of agricultural chemicals.

2. Build an ecologic protective screen in the upper reaches of YREB. Prohibit the
exploitation of high-quality cultivated land resources and strictly implement the com-
pensation system for cultivated land. In particular, the middle and upper reaches, as a
zone of ecological fragility and ecological barrier construction, must always adhere to the
supremacy of ecology. Avoid supplementing high-quality cultivated land with low-quality
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cultivated land, and pay attention to restoring and improving the quality of cultivated land
in the process of implementing the balance between the occupation and compensation of
cultivated land. Optimize the tillage layout of paddy and dry land and farm intensively
according to geographical conditions and water environment capacity, improving CLUE.

3. Complement the shortcomings of the agricultural labor force with the new agri-
cultural management system. The rapid urbanization of the population in the YREB has
prompted a shift from traditional to modern agricultural methods. Cultivating new agri-
cultural management subjects and exploring the diversification of agricultural socialized
services can offset the negative effect of rural labor shortage and improve the scale efficiency
of land.

4. Detailed regulations related to the cultivated land protection in YREB must be
deployed. To date, the standards for soil pollution, pesticide use and agricultural sewage
directly related to the YREB are not clear. The 11 provinces and municipalities may
continuously complete the formulation of relevant standards under the coordination of
the Leading Group for the Development of the Yangtze River Economic Belt and the
Coordination Committee for the Green Development of the Yangtze River Economic Belt.
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