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To analyze the coordination between land use and the ecological economy in China, ecoefficiency and land use intensity were
measured using the nonradial, nonoriented slacks-based measure (SBM) and the vertical and horizontal scatter degree method.
The TOPSIS method was then used to comprehensively evaluate regional differences in coordination. Our research indicates that
the level of coordinated development between intensive urban land use and the ecological economy in China showed an overall
upward trend from 2006 to 2017. The level of coordination was high in Beijing, Shanghai, and Tianjin and was low in Gansu,
Ningxia, and Xinjiang. Changes in ecoefliciency were not consistent with the degree of coordination, and intensive urban land use
was positively correlated with the level of coordination, which showed a mutually reinforcing relationship. Improving ecoef-
ficiency is necessary for intensive urban land use, and for ecological improvement, coordinated development between ecoef-
ficiency and urban land use intensity is essential. The establishment of environmentally friendly land use patterns could promote

urban land use.

1. Introduction

Present urban land use in China, which has experienced an
acceleration of industrialization and urbanization, directly
affects urban economics, social development, and the con-
struction of human settlements. When considering urban
land use, ecological functions are typically ignored in favor
of economic and social functions. The depletion of natural
resources and overextension of environmental carrying
capacity caused by urban land expansion have seriously
hindered the development of urbanization in China. Con-
struction on urban land in China increased from 6720 km®
in 1986 to 49,983km” in 2014, with an average annual
growth rate of 7.43%. The first national pollution bulletin
showed that China’s industrial emissions of sulfur dioxide
and soot were 21,197,500 and 11,666,400 tons, respectively,
accounting for 91.4% and 84.2% of total pollution emissions.
[he dire i e destruction of

substantial. The
*4 +*

importance of land use regulations should not be ignored in
the pursuit of ecological development.

Coordination between intensive urban land use and
ecological economics can also be conceived of as coordi-
nation among internal components of urban economic,
social, and ecological development during the process of
urbanization. Research on the relationship between inten-
sive urban land use and ecological economics has concen-
trated mainly on urban land use and ecology in a single
region; aspects that have been considered include the effects
of intensive land use [1, 2], the ecoefficiency of land use
[3-5], the impact of ecology on intensive land use [6, 7], and
the relationships among these aspects [8, 9]. With con-
tinuing urbanization, research efforts are increasingly being
devoted to the study of regional development, in three main
respects: (1) the relationship between economic develop-
ment and the ecological environment, (2) the relationship
between land expansion and population growth, and (3) the
coordination of the internal unit of urbanization. For
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example, using spatial lag, spatial error, and spatial Durbin
models, Tang et al. analyzed the relationship between urban
land and regional economic development at the county level
in the Beijing-Tianjin-Hebei region, based on analysis of
cross-sectional data from 2015 [10]. Lv et al. empirically
analyzed the interaction between land urbanization and
population urbanization in Nanchang from 2002 to 2017
using the coupling coordination model (CCM) [11]. Cui
developed a “comprehensive coordinated development in-
dex” for an urbanization—resources—environment (URE)
system (URECDI) to represent the relationships among
urbanization, resources, and environmental subsystems [12].
Liu et al. stated that the interaction among urban economic,
social, and ecological systems in China, at the prefecture
level and above, could be modeled using a CCM. Their
results showed that coordinated urban development in
China is spatially heterogeneous [13].

These studies provide a basis for further exploration of
regional coordinated development. From a quantitative and
dynamic perspective, there are few studies that focus on the
coordinated relationship between land use and ecological
development and propose effective regulatory approaches.

During the process of urbanization, can ecological im-
provement and intensive use of urban land coexist? Also,
how strongly do they interact? To answer these questions, we
empirically studied ecological efficiency in the context of
intensive urban land use and provide suggestions for its
optimization.

2. Evaluation Index System and Data Sources

2.1. Evaluation Index System Construction. Intensive urban
land use is a dynamic and complex process related to the level
of economic development and scientific and technological
progress. The basic aim is to increase the input of elements per
unit area and optimize the structural layout, to improve the
utilization rate of urban land for greater economic, social, and
environmental benefits. Based on the research of Zhang et al.
[14-17], the following indicators of intensive urban land use
were selected for this study: per capita fixed asset investment;
number of employees in secondary and tertiary industries; per
capita gross domestic product (GDP); per capita fiscal revenue;
per capita construction land; per capita total retail sales of social
consumer goods; per capita road area; per capita green space
area; the green coverage rate of the built-up area; and pop-
ulation density.

According to the definition of ecoefficiency of the World
Business Council for Sustainable Development (WBCSD)
[18], which is based on the environmental and economic
situation of Germany and the regional ecological efficiency
evaluation index system constructed by Zhang [19] and
Seppdld [20], resource consumption is the main index of
ecological efficiency. The most important resources con-
sumed are energy, water, land, and minerals. Seppéld [20]
suggested that GDP, industrial added value, and total
product value could be used as indicators of economic value
in ecoefficiency analysis. To determine the overall devel-
opmental level of a region, the desirable output index
(represented by GDP) was used, based on the constant price
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in 2000. Three indicators for environmental pollution and
ecological destruction were used: (1) wastewater emissions,
(2) industrial SO, emissions, and (3) smoke (powder) dust
emissions.

2.2. Data. All the data were collected from the China Sta-
tistical Yearbook (2007-2018) and China urban statistical
yearbook (2007-2018). Considering availability of the data,
Tibet, Hong Kong, Macao, and Taiwan are not included in
our data collection. We set the research period from 2006 to
2017.

3. Research Methods

3.1. Vertical and Horizontal Scatter Degree Method.
Urban land use intensity is a dynamic phenomenon that
changes continuously with time. The measurement of urban
land use intensity should not only reflect the state of land use
intensity at a certain cross-sectional moment in each eval-
uation area but should also describe the changing trends of
urban land across time. The vertical and horizontal scatter
degree method is an evaluation method based on a multi-
dimensional time series table that is used to determine
weights [21]. It not only reflects the “horizontal” level of
intensity in all study areas at different times but also reflects
the “vertical” intensity of each area. The intensity status at
different times can be determined by comprehensively
considering the maximization of differences between
“horizontal” and “vertical” land intensification, which will
reflect the differences between the evaluated objects.

Table 1, referred to as a multidimensional time series
data table, shows the data from the evaluation indices in
different regions at different times. Here, ¢; (i = 1,2,...,N)
represents time, S;(i =1,2,...,n) represents geographic
regions, and x;(i =1,2,...,m) represents the evaluation
indices.

The dynamic comprehensive evaluation function sup-
ported by Table 1 is

m
yi(t) = Y wix;(t), k=12...,N,i=12...,n
j=1

1

where y; (t,) is the comprehensive evaluation value of city §;
at time f, and w; is the weight coefficient.

The overall difference for each object in the multidi-
mensional time series data table is expressed as the sum of
the total deviation of squares of y; (t,):

7 =YY o) - ®

k=11

After standardizing the original data, we get ¥ = 0;
hence,

N n N N

o’ = Z (i (tk))2 = Z wTka =w' Z Houw= w' Hw,
k=1i=1 k=1 k=1

(3)
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where w= (w,w,,..., wm)T, H = ZkN=1 Hy, and
Hk = A{Ak,
X () %12 (te) -+ X (B)
X1 (Er) X (Er) -+ Xy, (E
= 21(k) 22(k) 2 (k) , k=1,2,...,N.
X (tk) X2 (tk) X (tk)
(4)

If w'w =1 is limited, when w is the (standard) eigen-
vector corresponding to the maximum eigenvalue of H, o is
the maximum, and max),w"Hw = A, (H). When the
element of Hy, is greater than 0, there must be an element of
H greater than 0 and a positive weight coefficient vector.
Therefore, the normalized eigenvector corresponding to
Amax (F) is the weight vector w.

3.2. SBM Model. Regional development can lead to eco-
nomic growth, but can also have a negative impact on the
environment. For example, water and soil pollution can
be classified as “undesirable outputs.” There are five main
methods for modeling undesirable outputs. The first is to
treat pollutants as inputs [22, 23]. The second is hyper-
bolic measurement [24]. The third method involves
converting undesirable outputs into new variables [25].
However, these methods do not reflect actual production
processes [26]. Chung et al. proposed a directional dis-
tance function approach, which has been adopted by
many researchers [27]. The fifth method is the nonradial
slacks-based measure (SBM). Traditional radial efficiency
measures may introduce error as they neglect slack
variables [28]. Hence, a series of models considering the
nonradial, nonoriented SBM have been proposed
[29-31].

The SBM is described as follows [30]: Suppose there are n
homogeneous decision-making units (DMUs) and each
DMU has three factors—inputs x € R™, desirable outputs
y9 € R, and undesirable outputs y* € R%. The three ma-
trices are defined as

X = (xl, xz, e ,Xn) € Rmxn’ xi € Rm’
Y9 =(yf,y‘g,,y3) € RV, ylg € R, (5)
Yo =(30 05 h) e R, 3l e R

Here, x;>0, y/>0, y?>0. Under the situation of
constant return to scale (CRS), the production possibility set
(PPS) is as follows:

P(x) ={(x. 5% y")lx= XAy <Y A=0L.  (6)

Here, 1 is a nonnegative multiplier vector. Based on the
PPS, the SBM model considering undesirable outputs can be
expressed as

ol L) EJLIH

3
p* = 1-(/m)¥ (s /%)
L (Usy + ) (X0, s0yd, + Ty siyhy)
[(x,=XA+s,
7
¥ =YL, )
s.t. S
yl; =YA+4,
s 20,5920,8°20,120

3.3. TOPSIS Method. The maximum “positive intensive land
use index” and “regional ecological efficiency index” values
are obtained for each province. The minimum negative
index value is taken as the positive ideal solution (that is, the
optimally coordinated state). The minimum value is selected
from the positive index, and the maximum value from the
negative index is taken as the negative ideal solution (least
well-coordinated state). The proximity of each province to
the positive ideal solution obtained by the TOPSIS algorithm
defines the level of coordination between intensive urban
land utilization and the ecological economy in that province
(see [32] for details of the TOPSIS algorithm).

4. Results

4.1. Intensive Land Use. China is divided into four main
economic regions: east, central, west, and northeast. The
eastern region includes Beijing, Fujian, Guangdong, Hebei,
Jiangsu, Shandong, Shanghai, Tianjin, and Zhejiang. The
central region includes Anhui, Henan, Hubei, Hunan,
Jiangxi, and Shanxi. The western region includes Gansu,
Guangxi, Guizhou, Inner Mongolia, Ningxia, Qinghai,
Shaanxi, Sichuan, Xinjiang, and Yunnan. The northeastern
region includes Heilongjiang, Jilin, and Liaoning.

Using the vertical and horizontal scatter degree method, the
land use intensity of 30 provinces in China was measured for the
period 2006-2017 (Table 2). Intensive urban land utilization, in
China as a whole and in all four economic regions, showed an
overall upward trend, although intensive land use decreased
significantly after 2009, which was related to the national
macrocontrol policy. A series of stimulus policies introduced by
the Chinese government in response to the financial crisis
further accelerated the pace of urban expansion, thereby re-
ducing the intensity of urban land use. Intensive urban land use
increased most rapidly from 2006 to 2009, by 32.6%. Spatially,
the level of intensive land use in China fluctuated between 2006
and 2017. Intensive urban land use decreased in all four main
economic regions, although it was still seen in parts of the
eastern region, especially Shanghai and Beijing. Intensive land
use was also seen in Zhejiang, Shandong, Fujian, Jiangsu, and
Hebei, with an annual average of more than 0.5. Urban land use
was less intensive in Jilin, Heilongjiang, Gansu, Ningxia, and
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TaBLE 1: Multidimensional time series data table.

Region h iz " N
X1 X5 e Xy X1 X5 e Xy X1 X5 e Xy
S xy (1) %15 ()5 -5 2, (£) x (8)%x15 (£), -+ 5 X1, (1) X (E)% 1 (BN - X1y (EN)
S, Xyq (8) %05 (£1). - o5 Xy, () Xp1 (85) %05 (t5)5 - - .5 Xy, (1) Xp1 (En)X0n (En)s - - o> Xy, (EN)
Sy X (£) %, (1) X, (1) X (£) Xy (8)s - X, () X (EN) X (En)s - - > X (EN)
TaBLE 2: Values of urban land intensive use in China (2006-2017).

Province 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Beijing 0.52 0.52 0.61 0.63 0.64 0.64 0.70 0.64 0.61 0.63 0.63 0.65
Tianjin 0.48 0.48 0.56 0.55 0.52 0.62 0.63 0.63 0.61 0.60 0.64 0.64
Hebei 0.43 0.43 0.54 0.39 0.38 0.43 0.45 0.45 0.45 0.44 0.45 0.46
Shanxi 0.34 0.39 0.39 0.41 0.40 0.44 0.46 0.45 0.48 0.47 0.46 0.47
Inner Mongolia 0.27 0.35 0.37 0.39 0.38 0.39 0.42 0.42 0.46 0.49 0.46 0.49
Liaoning 0.31 0.34 0.36 0.36 0.33 0.34 0.36 0.36 0.37 0.33 0.34 0.35
Jilin 0.22 0.25 0.27 0.26 0.25 0.27 0.28 0.29 0.28 0.31 0.31 0.33
Heilongjiang 0.14 0.21 0.20 0.24 0.25 0.29 0.31 0.31 0.32 0.30 0.32 0.34
Shanghai 0.57 0.68 0.54 0.57 0.58 0.62 0.64 0.63 0.64 0.62 0.65 0.66
Jiangsu 0.61 0.60 0.64 0.61 0.56 0.55 0.55 0.53 0.52 0.51 0.52 0.54
Zhejiang 0.59 0.54 0.54 0.51 0.56 0.49 0.52 0.52 0.50 0.50 0.50 0.52
Anhui 0.31 0.38 0.47 0.44 0.44 0.45 0.50 0.48 0.47 0.51 0.52 0.54
Fujian 0.64 0.56 0.61 0.60 0.56 0.54 0.60 0.60 0.61 0.58 0.60 0.61
Jiangxi 0.46 0.45 0.52 0.50 0.47 0.43 0.51 0.51 0.44 0.47 0.48 0.47
Shandong 0.49 0.60 0.57 0.55 0.56 0.53 0.55 0.54 0.52 0.51 0.53 0.53
Henan 0.42 0.50 0.42 0.51 0.52 0.51 0.54 0.53 0.54 0.55 0.57 0.57
Hubei 0.33 0.42 0.46 0.40 0.39 0.40 0.42 0.43 0.43 0.42 0.43 0.44
Hunan 0.44 0.45 0.51 0.49 0.48 0.49 0.54 0.54 0.55 0.57 0.59 0.60
Guangdong 0.51 0.52 0.53 0.51 0.53 0.51 0.52 0.53 0.52 0.51 0.54 0.56
Guangxi 0.36 0.41 0.43 0.40 0.43 0.44 0.48 0.45 0.41 0.44 0.43 0.45
Hainan 0.39 0.43 0.38 0.38 0.40 0.43 0.48 0.45 0.38 0.44 0.45 0.46
Chongging 0.29 0.31 0.41 0.44 0.44 0.46 0.45 0.48 0.44 0.42 0.45 0.48
Sichuan 0.39 0.47 0.38 0.41 0.38 0.39 0.41 0.51 0.46 0.46 0.46 0.47
Guizhou 0.38 0.32 0.45 0.43 0.38 0.43 0.42 0.41 0.40 0.43 0.44 0.45
Yunnan 0.41 0.44 0.49 0.48 0.48 0.48 0.52 0.52 0.49 0.40 0.46 0.49
Shaanxi 0.43 0.41 0.32 0.30 0.37 0.41 0.40 0.43 0.43 0.42 0.44 0.46
Gansu 0.31 0.28 0.25 0.25 0.26 0.26 0.28 0.31 0.31 0.33 0.34 0.36
Qinghai 0.31 0.35 0.39 0.38 0.39 0.42 0.50 0.43 0.39 0.42 0.41 0.44
Ningxia 0.10 0.28 0.26 0.25 0.28 0.29 0.26 0.25 0.30 0.28 0.31 0.32
Xinjiang 0.26 0.30 0.32 0.27 0.27 0.27 0.28 0.28 0.30 0.29 0.31 0.33
China 0.39 0.42 0.44 0.43 0.43 0.44 0.47 0.46 0.45 0.45 0.47 0.48
East 0.52 0.54 0.55 0.53 0.53 0.54 0.56 0.55 0.54 0.53 0.55 0.56
Central 0.38 0.43 0.46 0.46 0.45 0.45 0.49 0.49 0.48 0.50 0.51 0.52
West 0.31 0.34 0.35 0.35 0.36 0.38 0.39 0.40 0.38 0.38 0.40 0.42
Northeast 0.22 0.26 0.28 0.29 0.28 0.30 0.31 0.32 0.33 0.31 0.32 0.34

Data are calculated according to equation (1).

Xinjiang, but showed a rapidly increasing trend in the latter two
regions (average annual growth rate >3.2%).

In summary, intensive urban land use in China increased
significantly between 2006 and 2017. Urban land use intensity
was the highest in the eastern region, but showed a rapidly
increasing trend in the central and western regions. Urban land
use intensity was relatively low in the northeastern region.

4.2. Measurement of Regional Ecoefficiency. The regional
alculated for the
Pro5.0 software

(Saitech Inc., Fremont, CA, USA) (Table 3). During this
period, regional ecoefficiency showed a fluctuating trend
(i.e., improvement followed by deterioration and then by
further improvement). The number of effective units in the
data envelopment analysis (DEA) showed a decreasing,
followed by an increasing, trend from seven in 2012 to eight
in 2017.

Beijing, Tianjin, Shanghai, Jiangsu, Zhejiang, Fujian, and
Guangdong have always been the major production areas in
China. Low ecoefficiency areas are mainly in the western
region. The ecoefliciency of areas with inconsistent input
and undesired output is low, as seen in Liaoning with respect
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TaBLE 3: Ecoefliciency values for 30 regions in China (2006-2017).
Province 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Beijing 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tianjin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hebei 0.57 0.55 0.56 0.54 0.49 0.41 0.43 0.47 0.46 0.45 0.45 0.43
Shanxi 0.38 0.34 0.35 0.35 0.30 0.29 0.27 0.26 0.26 0.27 0.27 0.24
Inner Mongolia 0.31 0.29 0.31 0.31 0.31 0.27 0.27 0.28 0.27 0.28 0.28 0.26
Liaoning 0.52 0.48 0.48 0.47 0.48 0.48 0.47 0.45 0.45 0.44 0.42 0.41
Jilin 0.38 0.36 0.36 0.39 0.40 0.40 0.39 0.40 0.40 0.40 0.40 0.40
Heilongjiang 1.00 0.46 0.46 0.45 0.47 0.44 0.45 0.41 0.41 0.41 0.41 0.42
Shanghai 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Jiangsu 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Zhejiang 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Anhui 0.50 0.49 0.48 0.45 0.44 0.44 0.48 0.46 0.46 0.47 0.46 0.45
Fujian 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Jiangxi 0.49 0.47 0.45 0.45 0.44 0.43 0.43 0.43 0.44 0.45 0.46 0.45
Shandong 1.00 0.58 0.58 0.57 0.57 0.56 0.60 0.57 0.60 0.62 0.63 0.65
Henan 0.57 0.51 0.50 0.49 0.47 0.47 0.46 0.45 0.46 0.46 0.45 0.43
Hubei 0.56 0.54 0.54 0.51 0.50 0.47 0.46 0.45 0.45 0.45 0.43 0.42
Hunan 0.46 0.46 0.48 0.50 0.44 0.46 0.45 0.47 0.47 0.47 0.43 0.45
Guangdong 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Guangxi 0.36 0.39 0.40 0.37 0.41 0.42 0.42 0.39 0.40 0.40 0.38 0.40
Hainan 1.00 1.00 1.00 1.00 1.00 1.00 0.51 0.57 1.00 1.00 1.00 1.00
Chongging 0.49 0.44 0.43 0.42 0.41 0.41 0.41 0.42 0.42 0.43 0.44 0.45
Sichuan 0.50 0.50 0.49 0.47 0.45 0.45 0.49 0.47 0.48 0.48 0.48 0.48
Guizhou 0.28 0.26 0.27 0.27 0.26 0.27 0.25 0.24 0.25 0.25 0.25 0.26
Yunnan 1.00 0.44 0.38 0.37 0.36 0.35 0.33 0.34 0.34 0.35 0.36 0.35
Shaanxi 0.45 0.41 0.42 0.41 0.43 0.43 0.42 0.40 0.40 0.41 0.42 0.41
Gansu 0.28 0.28 0.27 0.27 0.26 0.25 0.24 0.24 0.25 0.24 0.23 0.24
Qinghai 0.30 0.29 0.29 0.30 0.29 0.29 0.27 0.27 0.27 0.28 0.27 0.28
Ningxia 0.13 0.13 0.15 0.12 0.12 0.13 0.12 0.12 0.12 0.12 0.12 0.11
Xinjiang 0.30 0.26 0.26 0.24 0.22 0.22 0.20 0.18 0.18 0.18 0.19 0.19

Data are calculated according to equation (7).

to urban water. Industrial SO, emissions and smoke
(powder) dust emissions were higher than the national
average in Liaoning, while the GDP of Ningxia and Xinjiang
over the 12-year period was markedly different from the
national average. These factors were responsible for the
relatively low ecoefliciencies in these areas.

The analysis showed that GDP is not necessarily reflected
in regional ecoefliciency. In 2015, Sichuan, Hubei, and
Hunan had larger GDP values, but lower ecoefficiency, than
Fujian; economically underdeveloped areas can still achieve
ecological efficiency by rationally adjusting their industrial
structure and optimizing output. For example, in 2006, the
GDP of Yunnan was less than a fifth of that of Shandong, but
its ecoefficiency was 60% higher. Thus, regional ecoefliciency
is not dependent only on the economic output.

4.3. Coordinated Development. The TOPSIS algorithm was
used to measure the level of intensity of urban land use and
regional ecological development in various provinces of
China from 2006 to 2017 (Table 4). Spatial and temporal
aspects of coordinated development were analyzed. Based on
K-means clustering and regional economic and social de-
velopment data, the study area was divided into four cat-

ie inati 0 medesate coordination
(0.5-0.7), and

high coordination (0.7-1.0). Figure 1 shows the classifica-
tions for 30 provinces from 2006 to 2017.

The average coordination value between intensive land
use and the ecological economy in China for the period
2006-2017 was 0.524, indicating considerable room for
improvement. Most provinces had moderate or moderate-
to-high coordination. The number of provinces with low and
moderate coordination values showed an upward trend over
the period 2006-2017, while the moderate-to-high coordi-
nation areas showed a fluctuating, but ultimately decreasing,
trend.

Despite some volatility, there was significant overall
improvement in the level of coordination, particularly after
2007 and 2012. Implementation of the Eleventh Five-Year
Plan and Twelfth Five-Year Plan promoted rational allo-
cation of production and coordinated overall development
of the Chinese economy and society. From 2007 to 2011,
economic development was rapid, environmental pollution
control efforts were strengthened, and the degree of coor-
dination was high. From 2012 to 2017, the rate of urban
construction in China began to slow down; more attention
was paid to ecological construction, and coordination
showed an upward trend.

Areas with high coordination were mainly distributed
within the economically developed coastal areas in the
east. Areas with high-to-moderate and moderate
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TaBLE 4: Coordinated development values for 30 regions in China (2006-2017).
Province 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Beijing 0.89 0.80 0.74 0.71 0.88 0.93 0.88 0.88 0.89 0.92 0.91 0.94
Tianjin 0.76 0.66 0.74 0.72 0.71 0.76 0.83 0.84 0.85 0.86 0.89 0.86
Hebei 0.58 0.54 0.57 0.60 0.60 0.62 0.57 0.57 0.58 0.58 0.61 0.59
Shanxi 0.42 0.36 0.35 0.37 0.33 0.36 0.33 0.33 0.34 0.34 0.36 0.37
Inner Mongolia 0.28 0.29 0.31 0.36 0.31 0.31 0.32 0.32 0.33 0.34 0.32 0.32
Liaoning 0.66 0.60 0.67 0.71 0.70 0.71 0.55 0.60 0.61 0.63 0.65 0.65
Jilin 0.34 0.29 0.29 0.30 0.28 0.31 0.26 0.27 0.28 0.29 0.32 0.31
Heilongjiang 0.50 0.49 0.52 0.54 0.57 0.59 0.61 0.62 0.63 0.64 0.63 0.65
Shanghai 1.00 1.00 1.00 1.00 0.99 0.90 0.90 1.00 1.00 1.00 1.00 1.00
Jiangsu 0.78 0.70 0.83 0.83 0.89 0.89 0.86 0.86 0.88 0.90 0.94 0.95
Zhejiang 0.74 0.74 0.79 0.79 0.78 0.80 0.82 0.83 0.83 0.85 0.87 0.86
Anhui 0.34 0.42 0.47 0.45 0.48 0.50 0.48 0.48 0.49 0.50 0.52 0.52
Fujian 0.84 0.75 0.84 0.88 0.91 0.89 0.90 0.92 0.93 0.94 0.92 0.96
Jiangxi 0.52 0.46 0.43 0.49 0.53 0.55 0.51 0.54 0.54 0.56 0.57 0.56
Shandong 0.80 0.74 0.82 0.83 0.83 0.86 0.85 0.86 0.87 0.88 0.84 0.83
Henan 0.58 0.55 0.54 0.54 0.49 0.48 0.47 0.48 0.49 0.52 0.54 0.58
Hubei 0.49 0.49 0.57 0.51 0.59 0.57 0.53 0.55 0.56 0.57 0.58 0.62
Hunan 0.48 0.48 0.46 0.45 0.52 0.54 0.52 0.54 0.54 0.56 0.57 0.59
Guangdong 0.68 0.64 0.68 0.70 0.72 0.74 0.76 0.77 0.78 0.82 0.85 0.85
Guangxi 0.31 0.38 0.33 0.32 0.36 0.38 0.40 0.42 0.44 0.45 0.47 0.45
Hainan 0.60 0.60 0.68 0.71 0.73 0.79 0.51 0.60 0.63 0.73 0.75 0.76
Chongging 0.42 0.37 0.44 0.48 0.47 0.52 0.46 0.47 0.49 0.52 0.53 0.54
Sichuan 0.47 0.55 0.53 0.53 0.56 0.55 0.53 0.55 0.56 0.57 0.59 0.60
Guizhou 0.42 0.25 0.32 0.28 0.21 0.27 0.24 0.25 0.27 0.33 0.36 0.39
Yunnan 0.70 0.39 0.37 0.35 0.36 0.35 0.37 0.38 0.38 0.40 0.42 0.43
Shaanxi 0.52 0.52 0.53 0.56 0.55 0.53 0.52 0.54 0.54 0.56 0.55 0.54
Gansu 0.23 0.17 0.13 0.14 0.15 0.14 0.13 0.14 0.15 0.16 0.17 0.17
Qinghai 0.26 0.31 0.25 0.25 0.25 0.31 0.35 0.36 0.37 0.38 0.39 0.39
Ningxia 0.00 0.00 0.05 0.06 0.13 0.14 0.06 0.08 0.09 0.10 0.15 0.16
Xinjiang 0.23 0.15 0.15 0.14 0.13 0.12 0.14 0.14 0.15 0.19 0.22 0.24
Average 0.53 0.49 0.51 0.52 0.53 0.55 0.52 0.54 0.55 0.57 0.58 0.59

Data are calculated according to Section 3.3.
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Figure 1: Coordinated development value of 30 provinces in
China.

coordination were mainly distributed in the central and
northeastern regions. Low coordination regions were
mainly in the west.

The coordination between intensive urban land use and
the development of the ecological economy shows a sig-
nificant regional variation in China. Coordination differs

ing to i elopment and regional

lonal economic

integration, different regions must implement land regula-
tions and environmental management policies to promote
sustainable development of economic society.

5. Conclusions

We constructed a model based on the TOPSIS method to
measure coordination between intensive urban land use and
the ecological economy in China, for the period 2006-2017.
We then analyzed spatial and temporal aspects of coordi-
nation across Chinese provinces. Our conclusions are as
follows:

(1) Despite large regional differences in the intensity of
urban land use, there was an overall upward trend.
The intensity of urban land use was consistent with
the degree of economic development. The intensity
was the highest in the eastern region, possibly due to
the rational allocation of production and efficient use
of resources in this region. The western and
northeastern regions had the least intense land use.
Due to its rich resources and industrial history, the
eastern region lags behind in resource utilization
efficiency and industrial adjustment. The central
region has benefitted from the transfer of industrial
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activity from the eastern region, reflected in intensive
land use.

(2) Ecoefficiency showed a downward trend over the
study period at the regional level. In the eastern
coastal areas, ecological efliciency did not accord
with GDP. Rational allocation of production could
improve regional ecological efficiency.

(3) The average coordination value (between intensive
land use and the ecological economy) for the period
2006-2017 in China was ~0.524, indicating consider-
able room for improvement. The low and moderate
coordination provinces accounted for about 46% of all
provinces in all years of the study period, indicating
that improving coordination between land use and
economic development will be a difficult, but impor-
tant, task. The degree of coordination is consistent with
the intensity of urban land use; improvement in the
latter could provide ecological benefits.

Based on these findings, the following conclusions can be
drawn:

(1) Under resource and environmental constraints, an
improper relationship between the development of
land resources and ecological protection measures may
weaken regional cooperation and hinder the imple-
mentation of policies promoting urban development.
More attention should be paid to rational allocation of
production at the regional level, mutually beneficial
development policies, and land regulations that pro-
mote ecoefficiency. Regional environmental protection
policies could not only benefit economic and social
development but also resolve the tension between the
former and ecological construction.

(2) Land resources should be rationally allocated at the
policy level; the scale of urban development should
be effectively controlled by improving natural re-
source taxation. Furthermore, environmental pol-
lutants should be monitored more closely, and the
economical, societal, and ecological needs should all
be considered. Finally, enthusiasm for ecological
protection should be fostered among all relevant
stakeholders by establishing a mechanism for cross-
regional ecological compensation.

Data Availability

The data, models, or code used to support the findings of this
study are available from the corresponding author upon
request.
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