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Improvement of urban land green use efficiency (ULGUE) in the context of
sustained economic growth is a major challenge for the regional sustainable
development and ecological civilization construction in China. This study
measures the ULGUE of 263 cities in China at the prefecture or above level,
clarifies its spatio-temporal changes, investigates the effect of ecological
civilization pilot demonstration area construction on ULGUE with the multi-
period PSM-DID model and spatial Durbin difference model, and evaluates the
spatial spillover effect of the policy. The results show that: 1) In terms of spatio-
temporal changes, ULGUE shows a steady upward trend with time. From 2006 to
2019, the national mean value of ULGUE increases from 0.5284 to 0.6439, with an
increase rate of 21.86%; in the spatial dimension, ULGUE is characterized by a
pattern of eastern > national > central > western. 2) Ecological civilization pilot
demonstration area construction has significantly improved the ULGUE of pilot
cities by about 0.12% relative to that of non-pilot cities, which was validated by the
robustness test. 3) Ecological civilization pilot demonstration area construction
has significant positive spillover effects on the ULGUE of neighboring cities, which
are related to the urban characteristics such as geographical location, resource
endowment, and environmental protection intensity. 4) Ecological civilization
pilot demonstration area construction has certain heterogeneity in its effect on
ULGUE in different regions and cities, with a more significant promoting effect for
non-eastern regions, non-resource-based cities, and non-key cities of
environmental protection. Therefore, it is necessary to summarize the
successful experience of ecological civilization pilot demonstration area
construction and fully consider differential policies, so as to maximize the
policy dividends while strengthening regional linkage, and further contribute to
national popularization of this policy.
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1 Introduction

Urban land use efficiency is an important factor affecting urban sustainable development
and high-quality economic development. In the early stage, countries in the world tend to
promote national economic growth while overlooking environmental pollution. Due to its
unique land-based development model, China has become the fastest growing economy in
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the world over the past 30 years; however, as China’s economic
development stage changes, the unsustainability of the traditional
land use model has become increasingly apparent (Liu S Y et al.,
2020). With the continuous acceleration of urbanization in most
countries around the world, a series of problems such as
environmental degradation and human-land conflicts have
emerged gradually, with corresponding countermeasures
successively introduced by each country (Pata., 2018). China’s
built-up area grows to 62,400 km2 by 2021, with an increase of
36.99% compared with that 10 years ago1. China’s idle land in
development zones alone reached 67,000 ha in 2020, with a
continuous increase for two consecutive years2. The uncontrolled
expansion of urban boundaries has resulted in inefficient urban land
use and increasingly serious environmental pollution, leading to
serious contradictions and conflicts between sustainable urban
development and China’s ecological security (Tan et al., 2005;
Wei et al., 2016). It is urgent to transform the traditional
extensive urban land use to green and intensive urban land use.
Therefore, China has put forward the important concept of “Lucid
waters and lush mountains are invaluable assets”3, which is mainly
aimed at transforming land use patterns, improving the living
environment of both urban and rural residents, and
strengthening the protection of resources and environment, and
has expounded the great importance of green development.
Accordingly, the focus of urban development in China has
gradually shifted from blind pursuit of high-speed economic
growth to seeking of a balance between economy and ecology,
and environmental governance and ecological restoration have
made certain progress. In this context, urban land green use
efficiency (ULGUE), a new concept combining the two core
elements of “green” and “efficiency”, emerges as the focus of
regional sustainable development, whose importance has been
widely recognized by the political and academic communities
(Zhang Q et al., 2022). As an important standard to evaluate the
green use of urban land, ULGUE is different from traditional land
utilization efficiency. The core of ULGUE is to minimize urban land
input factors and environmental costs as much as possible under
certain production technology conditions to achieve the maximum
economic output. Tan et al. (2021) combine the environmental
pollution characteristics of urban land use activities and consider
urban pollution index as “undesirable” output, achieving an efficient
and green land use evaluation system. Therefore, this study mainly
considers the coordination and unity of economic and
environmental factors in the process of urban land use.

In 2013, China’s ecological civilization construction largely
lagged behind the economic and social development as a whole.
The laws, regulations, and their implementation could not meet the

requirements of ecological civilization construction. Hence, China
proposed to establish ecological civilization pilot demonstration area
and plans by selecting regions with different developmental stages,
resource endowments, and main functional requirements
(provinces, cities, counties, towns, and villages), aiming to
explore a typical and replicable mode of ecological civilization to
be popularized nationwide, aiming to promote the economic
indicators such as the total output value per unit area to the top
in the country. Resource utilization indicators such as resource
input-output ratio and resource consumption per unit output
value have achieved significant breakthrough. Land resources
such as forests and lakes have become low-carbon, green, and
efficient in utilization, and the ecological environment has been
restored. Fujian Province was appointed as the first ecological
civilization pilot demonstration area in March 2014. In the
following years, Fujian Province has achieved fruitful results in
ecological construction: in 2020, its energy consumption per unit of
GDP dropped by about 1.83% year on year4, and its energy
conservation and consumption reduction were always one of the
highest in the country; in 2021, its forest coverage rate reached
66.80% and had ranked the first in the China for many consecutive
years5. Then, based on voluntary application, the National
Development and Reform Commission announced the list of two
batches of ecological civilization pilot demonstration areas in
2014 and 2015, and successively approved a total of 100 regions
such as Miyun County, Beijing, Chengde City, Hebei Province,
Qingpu District, Shanghai, and Jialing River Basin in Sichuan
Province as ecological civilization pilot demonstration areas,
which cover 47 prefecture-level cities6 (distribution of cities in
the ecological civilization pilot demonstration area is shown in
Figure 1).

Construction of ecological civilization pilot demonstration area
is guided by ecological civilization and green development, aiming to
significantly improve the level of urban greening by establishing a
full-coverage indicator system. The system mainly includes the
strictest protection and management for resources and
environmental aspects such as land and resource allocation,
green energy conservation and emission reduction, and ecological
environment implemented to promote the construction of
ecological civilization, so as to build a green development pattern
with an appropriate balance between social or economic
development and ecological civilization construction. According
to the environmental Kuznets curve, the relationship between
economic development level and environmental pollution degree
displays an inverted “U” shape. In recent years, China has attached
increasing importance to its own environmental problems, and the

1 The data is from the Ministry of Housing and Urban-Rural Development of
China. https://www.ceicdata.com/zh-hans/china/urban-area/area-of-
built-district

2 The data is from the “Notice on the Monitoring and Statistics of Land
Intensive Use in National Development Zones in 2020” issued by the
People’s Government of the People’s Republic of China. http://www.
gov.cn/xinwen/2021-01/13/content_5579414.htm

3 Quoted in IReadings from General Secretary Xi Jinping’s Series of
Important SpeechesJ, Study Press and People’s Publishing House, 2016,
p. 230

4 The data is from Fujian Provincial Statistical Yearbook

5 The data is from China Statistical Yearbook

6 The list is based on the relevant policy information published on the official
website of the National Development and Reform Commission. The
47 prefecture level cities are Chengde, Zhangjiakou, Ordos, Bayannur,
Siping, Yichun, Zhenjiang, Hangzhou, Lishui, Mount Huangshan, Linyi,
Zibo, Zhengzhou, Nanyang, Shiyan, Yichang, Meizhou, Shaoguan, Yulin,
Chengdu, Ya’an, Yan’an, Dingxi Qinhuangdao, Baotou, Wuhai, Dalian, Jilin,
Baicheng, Mudanjiang, Qiqihar, Nanjing, Nantong, Ningbo, Xuancheng,
Bengbu, Jinan, Xuchang, Puyang, Huangshi, Jingzhou, Hengyang,
Dongguan, Guilin, Lanzhou, Jiuquan and Shizuishan
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administrative units at different levels have been changing from
mutual competition to cooperation, which has greatly advanced the
arrival of “inflection point” of the inverted “U” curve. This not only
helps China build strong confidence in dealing with environmental
and development issues, but also plays an exemplary role in global
environmental protection and green transformation and
development, which is also of great significance to other
developing countries. Obviously, whether from the perspective of
practice or research value, the problems derived from interregional
development in China are no longer limited to itself, but are
becoming a major concern to the world. The starting point of
this study is highly consistent with the above background, as it
examines the policy effects presented by the ecological civilization
pilot demonstration area construction, providing strong support for
understanding the importance of public policies in green
development. Therefore, exploring the impact of the construction
of ecological civilization demonstration zones on the green
utilization efficiency of urban land is a practical need to promote
sustainable urban development and high-quality economic
development. To this end, it is important to explore the effect of
ecological civilization pilot demonstration policy on ULGUE in the
pilot area and neighboring areas, and whether the effect has certain
heterogeneity under different urban characteristics. This study seeks
to answer these questions.

The possible marginal contributions of this study are as follows:
1) Theoretically, the connection channel between ecological
civilization pilot demonstration policy and ULGUE is built at the
municipal level. At the same time, by taking ULGUE as a
breakthrough point, this study analyzes the policy effect of
ecological civilization demonstration area construction, which is
conducive to further enrichment of research on the theme of

ULGUE and ecological civilization demonstration area
construction. 2) Practically, the multi-period PSM-DID model
and SDM-DID model are established in this study to solve the
endogeneity problem in previous research, while the spatial Durbin
difference model is adopted to deeply investigate the
implementation effect of ecological civilization demonstration
area construction with full consideration of spatial factors on
policy effect, which not only helps to solve problems in the
policy implementation process, but also provides a reference for
the nationwide promotion of pilot policy.

2 Literature review

The literature related to this study can be mainly classified into
two categories. The first category is related to ULGUE, and the
research can be roughly divided into two stages. The first stage
(2009–2019) is a concept formation stage, at which the concept of
ULGUE is at its infant stage, but the prototype is already formed.
Many researchers have noticed the relation between urban land use
and green development, in view of the problem of pollution in the
process of urban land use, and relevant studies have started to
incorporate the pollutants of “three wastes” as an undesirable output
into the measurement system of urban land use efficiency
(Fukuyama and Weber, 2009; Verburg et al., 2010; Li et al., 2017;
Zhao et al., 2018). The second stage (2019 to now) belongs to the
concept development stage, at which ULGUE is explicitly
introduced and conceptualized. The concept of ULGUE can be
broadly divided into two schools of thoughts: one is defined based on
the eco-socio-economic benefits of land use, and the other is defined
through factor inputs and outputs (Wang and Pang, 2019; Liang

FIGURE 1
Distribution of cities in the ecological civilization pilot demonstration area.
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et al., 2019). In terms of the influencing factors of ULGUE, previous
research is usually focused on four aspects: economic factors (Hu
and Qian, 2017), social factors (Nesru et al., 2021; Zhao et al., 2021;
Zhao and Jiang, 2022), traffic location (Desalvo and Su, 2017), and
policy factors (Macedo., 2008; Wang and Chi-Man, 2017). Besides,
there have also been some studies concerning the internal
relationship of industrialization (Ghosh and Chifos, 2017; Bird
and Venables, 2020), urbanization (Hsing-Fu and Ko-Wan, 2015;
Marco et al., 2015), regional integration (Cancello et al., 2020) with
ULGUE. In the above studies, the econometric model was themostly
used tool to analyze issues related to ULGUE, mainly including the
parametric method represented by stochastic Frontier production
function model (Dong et al., 2020; Liu S C et al., 2020; Lu X et al.,
2022), the non-parametric method represented by Data
Envelopment Analysis (DEA) model (Fang et al., 2013; Lu et al.,
2020; Chen et al., 2021; Liu et al., 2021; Ruan et al., 2022), SBM
model and its improvedmodel (Lin and Ling, 2021; Tang et al., 2021;
Li et al., 2022). Compared with non-parametric methods such as
DEA, which measure the land use efficiency through the linear
programming model, the stochastic Frontier production function
model can eliminate the impact of random factors through
parameter estimation, and is more advantageous in evaluating
land use efficiency (Gong and Sickles, 1989). Construction of an
input-output indicator system is the framework for using the SFA
model to analyze the efficiency of urban land use. In the existing
research, most scholars select labor, capital, and land in the classic
production function as the main input factor indicators, and
economic output value as the output indicator. Moreover, the
specific indicators need to fully reflect the characteristics of non-
agricultural production activities (Wang et al., 2015; Jin et al., 2018;
Liu S Y et al., 2020; Zhang et al., 2020). This provides important
technical support for this study to measure the ULGUE.

Furthermore, ULGUE is a dynamic evolution process.
Considering the significant differences in geographical location,
resource endowment, and environmental protection importance
among different cities in China, ULGUE will exhibit unstable
characteristics under the influence of various factors, with
heterogeneity in different cities and development stages (Wang
et al., 2018; Guo et al., 2021; Lu X H et al., 2022). Some studies
have revealed the spatial correlation and evolution characteristics of
ULGUE in Chinese cities from various dimensions such as national,
provincial, and urban agglomeration (Yang et al., 2015). The data in
different studies are selected from different periods. Non-parametric
kernel density estimation and statistical charts are mainly used to
reflect the evolution characteristics and trend changes of ULGUE in
a specific time period (Hu et al., 2018).

The second category of literature is focused on ecological
civilization construction. Western scholars prefer to study the
relationship between urban economic development and ecological
environment protection (Dixon, 1997; Ms et al., 2022). Although
they rarely mention the term “ecological civilization”, their study
focus is highly similar to the concept of “ecological civilization” in
essence. Research on ecological civilization in China began in 1982.
In terms of indicator construction, with the issuance of the Measures
for Evaluation and Assessment of the Objectives of Ecological
Civilization Construction, the evaluation system of ecological
civilization construction has been gradually developed to
integrate economy, society, and environment, to explore and

analyze the balance between ecological civilization construction
and various social systems (Chen et al., 2020). In the research on
ecological civilization construction, evaluation of the effect of pilot
policies has always been hotspot of research. Among them, research
on “ecological civilization pilot demonstration area” is mainly
carried out on the provincial (Lv et al., 2022) or national scale
(Zhang and Fu, 2023), and the synthetic control method (Chai et al.,
2022; Wang K L et al., 2022) and difference-in-difference model
(Hou et al., 2022; Zhang et al., 2023) are the mostly used methods. It
has been found that the construction of ecological civilization pilot
demonstration area can improve agricultural green efficiency (Lu
and Xiong, 2020) and ecological total factor productivity (Pan et al.,
2022), as well as inhibit carbon emissions (Zhang and Fu, 2023).
Some studies are also focused on ecological civilization construction
and new urbanization (Wang W X et al., 2022), resource recycling
(Wang A et al., 2021), and industrial green transformation (Zhang
W X et al., 2022). Some scholars have also explored the relationship
between ecological civilization construction and urban land use.
Some of them believe that in the context of ecological civilization
construction, attention should be paid not only to the efficiency of
urban land use, but also to the “undesired output” in the process of
urban land use, and to the low-carbon, green and circular
development of urban land use to prevent the ecological
environment of land resources from being threatened (Liu J
et al., 2022; Xiao et al., 2022; Zhang and Zhang, 2022). Sheng
and Tan (2014) explored urban land carrying capacity evaluation
method under the requirement of ecological civilization. The case
analysis shows that it is practical to carry out the ecological
civilization-related method. In summary, studies have been
conducted to initially assess the policy of “ecological civilization
pilot demonstration area”. However, the content of the studies is
relatively homogeneous, and there is little literature that directly
integrates both urban land use efficiency and ecological civilization
pilot demonstration area construction into a unified framework.
Moreover, it remains unclear whether the ecological civilization
pilot demonstration area can improve urban land green use
efficiency, which is exactly the concern of this study.

3 Mechanism analysis

In order to clarify the effect of establishing ecological civilization
demonstration areas on ULGUE, this study tries to explore the
inherent logic of ecological civilization demonstration area
construction influencing ULGUE. The specific aspects are as follows:

Direct effect. In 2013, the Chinese government issued “National
Ecological Civilization Pilot Demonstration Area Construction Plan
(Trial)", clearly stating that the ecological civilization pilot
demonstration area in China aims to spur up high-quality
economic development, promote the saving and utilization of
resource and energy, enhance ecological construction and
environmental protection, and cultivate ecological culture and
corresponding system and mechanism, which are the five major
construction targets. All these targets are likely to influence ULGUE
to some extent. Some scholars have pointed out the bidirectional
coupling relationship between high-quality economic development
and ULGUE. Social and economic development depends on
utilization activities on urban construction land, and urban land
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use can help promote high-quality economic development (Yu et al.,
2020; Zhou et al., 2020; Wu et al., 2021; Zhang and Dong, 2022). The
saving and utilization of resource and energy as well as ecological
construction and environmental protection include land
development intensity, unit construction land production value,
and industrial waste utilization rate into the indicator system. The
system and mechanism construction further incorporates resource
depletion, environmental damage, and ecological benefits into the
indicator system. Therefore, based on the ecological civilization
demonstration area policy itself, its construction goals exert a
possible direct effect on ULGUE.

Indirect effect. The ecological civilization pilot demonstration area
policy is essentially a pilot policy with comprehensive application of
environmental regulation means, such as mandatory policies and
targeted regulations, which are used by the government to reduce
the negative externality of environmental pollution in production and
life. According to the Porter hypothesis, on the one hand,
environmental regulation advances technological innovation of
enterprises through the “reversed transmission of pressure effect”
caused by cost reduction. In the long term, the technical innovation
will compensate for the costs brought by environmental regulation and
thereby the comprehensive land output per unit area shows a significant
upward trend (Linde, 1995). On the other hand, under limitations from
the certain environmental protection policy framework, the “survival of
the fittest” competition law brought about by environmental regulations
facilitates the elimination of outdated production capacity. The long-
term “competition effect” will promote the optimization and
adjustment of industrial structure, thereby improving the output
quality of urban use and reduce unexpected output, which
contributes to elevation of ULGUE.

4 Research design

4.1 Stochastic frontier production function
model

Traditional microeconomics assumes that production entities
are all economically rational with the ability to achieve production
optimization, and uncontrollable random factors are the only factors
that may cause deviation from the state of optimum production.
However, in reality, production entities will deviate from the
optimum production state due to various factors, resulting in
very low efficiencies. In stochastic Frontier theory, the goal of
production entities to pursue optimum production is still valid,
but in reality some other factors besides the uncontrollable random
factors can also cause deviation from the optimum production state.
Therefore, a concept of “production Frontier” emerges, which refers
to the boundary of minimum input and maximum output for
production entities under certain technical conditions. In the
process of urban development, it is difficult for land use to
achieve the optimal output with minimum input. Therefore, the
stochastic Frontier theory can be used to analyze land use efficiency.
It is believed that under certain technical conditions, the urban land
use efficiency will be higher when the actual output of urban land use
gets closer to the production Frontier, and vice versa. This study
establishes the stochastic Frontier production function model in the
Cobb-Douglas function form. The specific model is as follows:

Yit � f Xit, t; β( ) exp Vit − Uit( ) (1)
In the formula, Yit represents the output per unit area; f is the

random Frontier production function; Xit is the input factor vector;
β refers to the coefficient vector to be estimated; Vit is the random
error term; i and t represent the city and time variable, respectively;
Uit is the inefficiency item used to measure the technical inefficiency
degree, which reveals the distance from the actual output of urban
land use to production Frontier, and a higher value ofUit means that
the actual output deviates farther from the production Frontier and
the urban land use efficiency is lower.

This study adopts the non-agricultural GDP per unit area and
industrial wastes (waste water, waste gas, and solid waste) to
represent the desirable output and undesirable output of urban
land use, respectively. In addition, by referring to, the model is
treated by logarithmic transformation:

ln yit( ) � β0 + β1t ln Ait( ) + β2t ln Bit( ) + β3t ln Cit( ) + vit − uit (2)
In Formula 2, yit refers to the non-agricultural GDP per unit

area; Ait, Bit and Cit represent fixed asset investment per unit area
(100 million yuan/km2), employees at the end of year per unit area
(10000 people/km2), and scientific expenditure per unit area
(100 million yuan/km2), respectively; β0 is the intercept term,
and β1t, β2t and β3t are elastic coefficients, respectively; vit is the
random error term; uit is the inefficiency item, which refers to the
distance between the actual output of urban land use and the
production Frontier. Only when the technology is fully effective
(uit � 0), the output can be located on the production Frontier.

ULGUE can be expressed as the ratio of mean actual output to
the mean under fully effective technical conditions. The specific
formula is as follows:

ULGUEit � E Yit|Uit, Xit( )
E Yitp|Uit � 0, Xit( ) (3)

where Yit is the actual output of urban land use, and Yit* is the
possible maximum output under the given input conditions. The
value range of ULGUE is between 0 and 1, which rejects the
assumption of least squares method. Therefore, the generalized
likelihood ratio is adopted to test the applicability of SFA model:

LR � −2 L ω0( ) − L ω1( )[ ] (4)
Based on the connotation of ULGUE and existing research

results (Lu et al., 2020; Liu J L et al., 2022), this study constructs
the following indicator system to measure ULGUE (more details in
Table 1). In order to meet the single output for SFAmodel, this study
uses the entropy weight method to construct a comprehensive index
of desirable output and non-desirable output to calculate the pure
output value.

4.2 Multi-period PSM-DID model

By taking the ecological civilization pilot demonstration area
construction as a quasi-natural experiment, this study divides the
sample cities into two groups according to whether they are
ecological civilization pilot demonstration areas and then
compares them to evaluate the effect of the pilot policy on
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ULGUE. The difference-in-difference model is usually applied to
evaluate the policy effect. Since the ecological civilization pilot
demonstration area construction is gradually carried out in
different batches, we adopt the multi-period DID model at
different time points. Moreover, in order to eliminate the
selectivity bias on sample processing, the propensity score
matching method is used. To sum up, this study uses multi-
period PSM-DID for regression analysis, and the specific model
is as follows:

ULGUEit � β0 + β1Treatit × Periodit + δXit + vi + ut + εit (5)
In the formula, i is the city and t is the time; ULGUEit is the

dependent variable representing the ULGUE of city i in t period;
Treatit × Periodit is the core independent variable, which is the
interactive item of policy impact variable and policy time dummy
variable set in this study, as the dummy variable of pilot policy;
Treatit is assigned to 1 when a city belongs to ecological civilization
pilot demonstration area and 0 otherwise; Periodit is assigned to 1 in
the year of approval and subsequent years for cities in the pilot
demonstration area and the rest is 0; β1 is the core coefficient of this
study, which measures the implementation effect of ecological
civilization demonstration area policy. When β1 is significantly
positive, it reveals the area construction improves urban land
green use efficiency. δXit is a set of control variables; ut
represents time fixed effect; vi means individual fixed effect; and
εi is the random error term.

4.3 SDM-DID model

In the traditional difference model, it is necessary to satisfy
the hypothesis of stable direction for individual treatment
effects, which means that policy intervention will not produce
spillover effect due to ignorance of the spatial spillover effect of
the policy. In contrast, spatial factors are added in the SDID
model, and the model effectively makes up the lack of
observation on the control group in the implementation of
the pilot policy by investigating the spatial spillover effect. By
referring to existing results (Mi et al., 2017; Jia et al., 2021), this
study further adds the spatial lag term of the dependent variable
on the basis of SDID model, and obtains the spatial Durbin-
difference model to investigate the spatial effect of ecological

civilization pilot demonstration area policy on ULGUE. The
specific construction model is as follows:

ULGUEit � α0 + ρ∑
j
WijULGUEit + α1sdidit + θ∑

j
Wijsdidit

+ δXit + vi + μt + εit (6)
In the formula, ULGUEit is the dependent variable, urban land

green use efficiency; sdidit is the core independent variable, which
represents the interactive item of cities in the ecological civilization pilot
demonstration area; Xit is the control variable; W is the spatial weight
matrix; ρ∑jWijULGUEit is the spatial lag term of the dependent
variable, which indicates the effect of ULGUE of neighboring cities
on that of pilot cities; the regional fixed effect, time fixed effect, and
residual term are respectively determined by vi, μt and εit.

4.4 Variable selection and data description

4.4.1 Variable selection
(1) Dependent variable: ULGUE from the stochastic Frontier

production function.
(2) Independent variable: the dummy variable of pilot policy of the

ecological civilization pilot demonstration area, which is
Treat × Period � DID.

(3) Control variable: By considering that other urban characteristic
factors may affect the ULGUE, this study selects six variables as
control variables (Table 2 for details) A) Real estate investment level
(re). Inspired by the policy, the local government tends to introduce
financial expenditure to real estate industry with high returns.
Hence, the impact of real estate investment level onULGUE cannot
be ignored, which is represented by the completed amount of real
estate development investment (Su and Yang, 2022) B)
informatization level (il). Informatization is the basic condition
for urban economic development. Urban information level is
expressed by the ratio of the number of employees in
information transmission, computer service, and software
industry to that at the end of year (Song et al., 2020) C)
Industrial structure (is). The industrial structure determines
urban land use structure, since different industries are of
different land use modes. For example, the tertiary industry is
usually characterized by a high plot ratio and great land use
efficiency. This study selects the added value of the tertiary
industry to represent industrial structure (Peng et al., 2017) D)

TABLE 1 Evaluation index system of urban land green use efficiency.

Indicator type Primary indicator Secondary indicator Unit

Input Capital Fixed assets investment per unit area 100 million yuan/km2

Labor Employees at the end of year 10000 people/km2

Science and technology Scientific expenditure per unit area 100 million yuan/km2

Output Expected output Non-agricultural GDP per unit area 100 million yuan/km2

Unexpected output Industrial sulfur dioxide emission per unit area ton/km2

Industrial waste water per unit area ton/km2

Industrial smoke emission per unit area ton/km2
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Infrastructure investment (ii). Investment in urban infrastructure
can attract the flow of factors. Formost cities, more complete urban
infrastructure represents higher ULGUE. Infrastructure investment
is represented by per capita road area (Ge et al., 2021) E) Ecological
environment (ee). After the material satisfaction, people tend to
pursuemore beautiful and livable residences. This study reflects the
level of urban greening based on the per capita green space area,
and the impact of ecological environment greening on the ULGUE
(Li et al., 2022) F) Financial development level (fdl). Financial
support has certain impacts on the mode, structure, and efficiency
of urban land use. This study selects the per capita loan balance of
financial institutions at the end of year to represent the financial
development level (Wang X M et al., 2021).

4.4.2 Data description
In view of different effects of the policy at different

administrative levels such as provinces, cities, districts and towns
as well as data availability, this study excludes provinces, districts,
and towns in the list of ecological civilization pilot demonstration
area and cities that were withdrawn or with serious missing of data
during the study period. Finally, 263 cities at prefecture level and
above are retained as samples (excluding data of Tibet, Hong Kong,
Macao and Taiwan), as the prefecture level and above cities accounts
for 90.38% of the total number of cities in China, which has good
representativeness. A total of 47cities at the prefecture level included
in the list published by the National Development and Reform
Commission in 2014 and 2015 are assigned to the experimental
group and the remaining 216 cities are classified into the control
group. The research period is 2006–2019.

The data in this study were all derived from China City Statistical
Yearbook, China Urban Construction Statistical Yearbook, and
statistical yearbooks of provinces and cities. A few missing data were
supplemented by linear interpolation. Furthermore, in order to reduce
heteroscedasticity and avoid the influence of outliers on research results,
this study takes logarithms for all numerical variables. Table 3 shows the
descriptive statistical results of each variable.

TABLE 2 Variable definition.

Variable type Variable name Variable
symbol

Variable connotation

Dependent variable Urban land green use
efficiency

ULGUE Urban land green use efficiency of 263 cities at prefecture level and above in China from 2006 to
2019

Independent
variable

Policy effect did The pilot city is set as 1 in the establishment year and following years, otherwise 0

Control variable Real estate investment level re the completed amount of real estate development investment

Informatization level il the ratio of the number of employees in information transmission, computer service and software
industry to that at the end of year

Industrial structure is The added value of the tertiary industry

Infrastructure investment ii Per capita road area

Ecological environment ee Per capita green area

Financial develop level fdl The per capita loan balance of financial institutions at the end of year

TABLE 3 Descriptive statistical results.

Variable type Symbol N Mean Sd min Max

Independent
variable

Did 3682 0.0671 0.250 0 1

Dependent
variable

ULGUE 3682 0.588 0.0859 0.388 0.973

Control variable Re 3682 13.85 1.360 9.268 17.61

Il 3682 0.0126 0.00925 0.000459 0.109

Is 3682 15.37 1.107 12.64 19.50

Ii 3682 2.655 0.445 0.438 4.096

Ee 3682 17.25 32.90 0.381 491.0

Fdl 3682 10.16 1.115 7.584 13.87

TABLE 4 Estimation results of stochastic Frontier equation.

Coefficient Standard-
error

T-ratio

β 0 −1.058 0.037 −28.362

β 1 0.029 0.008 3.484

β 2 0.105 0.005 21.008

β 3 0.004 0.003 1.339

sigma-squared 0.039 0.003 14.492

gamma 0.772 0.014 57.109

Mu 0.347 0.038 9.252

Eta 0.029 0.002 18.590

Log likelihood function 2707.436

LR test of the one-sided error 1954.983
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5 Empirical analysis

5.1 ULGUE measurement

Based on the input-output panel data for 263 cities in China
from 2006 to 2019, the random Frontier analysis is conducted
through Frontier4.1 software. The measured ULGUE results are
shown in Table 4.

From the test results, LR test of the one-sided error has passed
the test, with a gamma value is 0.772, indicating that the technical
inefficiency accounts a lot of the error. The parameter coefficients
have all passed the t-test, and the parameter estimation is accurate at
99% confidence level. Therefore, it is applicable and scientific to use
the SFA model to calculate ULGUE in this paper. From the elasticity
of input-output, β 1 = 0.029, β 2 = 0.105, and β 3 = 0.004, indicating
that the comprehensive output will increase by 0.029%, 0.105% and
0.004% respectively when the fixed-asset investment per unit area,
the unit employees at the end of year per area, and the scientific
expenditure per unit area all increase by 1%.

Figure 2 is a line chart for the mean values of ULGUE in different
regions from 2006 to 2019. Due to the imbalanced development in
China, cities in different locations may have significant differences,
which is likely to lead to differences in ULGUE. Therefore, by
referring to “Seventh Five Year Plan”, the 263 cities in China are
divided into eastern, central and western regions7. The results show
that the overall ULGUE level has been steadily increasing, while the

mean value of national ULGUE is about 0.58, indicating that there is
still 42% of improvement room for national ULGUE in theory.

From the perspective of time, ULGUE shows a steadily rising
trend. In general, the mean value of ULGUE for 263 cities in China
in 2006, 2014, 2015, and 2019 is 0.5284, 0.6018, 0.6105, and 0.6439,
respectively, with an increasing rate of 21.86% during the study
period. From the regional perspective, the ULGUE value shows
significant differences in different regions, which follows a general
pattern of eastern > national > central > western.

According to statistics, the ULGUE had been improved from
2006 to 2019 (Table 5 below), but the degree of improvement shows
some differential results, with the main transformation occurs from
Class II to Class I, from Class III and Class IV to Class II, and from
Class V to Class III. Among them, 100% of Class II cities (38 cities)
have been transformed into Class I cities; 76.32% of Class III
(58 cities) and 100% of Class IV cities (85 cities) have been
transformed into Class II cities; and 90.91% of Class V cities
(40 cities) have been transformed into Class III cities. According
to the mean value of ULGUE of each city in 2006, cities at middle
and low levels (Class III and below) account for 77.95%, including
205 individual cities; in 2019, cities at the middle and low levels
(Class III and below) account for 15.21%, including 40 individual
cities. These results demonstrate that ULGUE in China has been
significantly improved year by year during the study period.

5.2 Benchmark regression

The estimated results for the effects of ecological civilization
pilot demonstration area policy on ULGUE are shown in Table 6.
The dependent variable is ULGUE, and the independent variable is
the policy dummy variable did of ecological civilization pilot
demonstration area, which is regressed by using stata16. Model
1) and model 2) are basic regression results obtained by the DID
model before and after adding control variables, based on
unmatched data. Model 3) and model 4) are regression results
obtained by using the PSM-DID model without and with control
variables, respectively. The regression results reveal that the
independent variable did is significant in the 95% confidence
interval, indicating that the ecological civilization pilot
demonstration area policy has a significant improving effect on
ULGUE, and ULGUE in pilot cities is about 0.12% higher than that
in non-pilot cities.

Among the control variables, the real estate investment level (re)
has a significant negative impact on ULGUE, while the
informatization level (il), industrial structure (is), infrastructure
investment (ii), ecological environment (ee) and financial
development level (fl) have significant positive impacts. The
possible reasons are as follows. In terms of the real estate
investment level, the land fiscal expenditure of local government
tends to flow to infrastructure and public services to enhance urban
competitive advantage, and alleviate the boundary expansion of
population pressure in the downtown. This preferential behavior
will increase investment in the real estate and construction
industries, and then induce overcapacity caused by excessive
competition in upstream raw material industries, which will have
certain inhibitory effects on ULGUE (Yu and Su, 2022).
Improvement of informatization level can result in Jacobs

7 The eastern region includes 109 cities: Anshan, Baise, Baoding, Beihai,
Beijing, Benxi, Binzhou, Cangzhou, Changzhou, Chaozhou, Chengde,
Chongzuo, Dalian, Dandong, Dezhou, Dongguan, Dongying,
Fangchenggang, Foshan, Fuzhou, Fushun, Fuxin, Guangzhou, Guigang,
Guilin, Haikou, Handan, Hangzhou, Hechi, Heyuan, Hengshui, Huludao,
Huai’an, Jinan, Jining, Jiaxing, Jiangmen, Jieyang, Jinhua, Jinzhou, Guests
Langfang, Lishui, Lianyungang, Liaoyang, Liaocheng, Linyi, Liuzhou,
Longyan, Maoming, Meizhou, Nanjing, Nanning, Nanping, Nantong,
Ningbo, Ningde, Panjin, Putian, Qinzhou, Qinhuangdao, Qingdao,
Qingyuan, Quzhou, Quanzhou, Rizhao, Sanming, Sanya, Xiamen,
Shantou, Shanwei, Shanghai, Shaoguan, Shaoxing, Shenzhen, Shenyang,
Shijiazhuang, Suzhou, Suqian, Taizhou, Tai’an, Taizhou, Tangshan, Tianjin
Tieling, Weihai, Weifang, Wenzhou, Wuxi, Wuzhou, Xingtai, Xuzhou, Yantai,
Yancheng, Yangzhou, Yangjiang, Yingkou, Yulin, Yunfu, Zaozhuang,
Zhanjiang, Zhangjiakou, Zhangzhou, Zhaoqing, Zhenjiang, Zhongshan,
Zhoushan, Zhuhai, Zibo; The central region includes 105 cities: Anqing,
Anyang, Bayannur, Baicheng, Baishan, Bengbu, Baotou, Chenzhou,
Chizhou, Chifeng, Chuzhou, Daqing, Datong, Ordos, Ezhou, Fuzhou,
Fuyang, Ganzhou, Harbin, Hefei, Hebi, Hegang, Heihe, Hengyang,
Hohhot, Hulunbeier, Huaihua, Huaibei, Huainan, Huanggang, Mount
Huangshan, Huangshi, Jixi, Ji’an, Jiamusi, Jiaozuo, Jincheng, Jinzhong
Jingmen, Jingzhou, Jingdezhen, Jiujiang, Kaifeng, Liaoyuan, Lu’an, Loudi,
Luoyang, Luohe, Lvliang, Ma’anshan, Mudanjiang, Nanchang, Nanyang,
Pingdingshan, Pingxiang, Puyang, Qitaihe, Qiqihar, Sanmenxia, Shangqiu,
Shangrao, Shaoyang, Shiyan, Shuangyashan, Shuozhou, Siping, Songyuan,
Suzhou, Suihua, Suizhou, Taiyuan, Tonghua, Tongliao, Tongling, Wuhai,
Ulanqab, Wuhu, Wuhan, Xianning Xiangtan, Xiangyang, Xiaogan, Xinzhou,
Xinxiang, Xinyu, Xinyang, Xuchang, Xuancheng, Yangquan, Yichun,
Yichang, Yichun, Yiyang, Yingtan, Yongzhou, Yueyang, Yuncheng,
Zhangjiajie, Changchun, Changsha, Changzhi, Zhengzhou, Zhoukou,
Zhuzhou, Zhumadian; The western region includes 49 cities: Ankang,
Anshun, Bazhong, Baiyin, Baoji, Baoshan, Chengdu, Dazhou, Deyang,
Guang’an, Guangyuan, Guiyang, Hanzhong, Jiuquan, Kunming,
Lanzhou, Leshan, Liupanshui, Luzhou, Meishan, Mianyang, Nanchong,
Neijiang, Panzhihua, Qingyang, Qujing, Shangluo, Shizuishan, Suining,
Tianshui, Tongchuan, Weinan, Wuzhong, Wuwei, Xi’an, Xining, Xianyang,
Ya’an, Yan’an, Yibin Yinchuan, Yulin, Yuxi, Zhangye, Zhaotong, Chongqing,
Ziyang, Zigong, Zunyi
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technological externalities in the behavior of urban enterprises, and
improve the ULGUE by enhancing economic output (Zhang and
Dong, 2022). The added value of the tertiary industry, which is used
to represent the industrial structure, shows a positive coefficient,
possibly because the increasing added value of the tertiary industry
can facilitate the steady growth of economic output per unit area and
alleviate the pressure of environmental pollution caused by waste
emissions, thereby improving the ULGUE. Urban infrastructure
investment can attract and accelerate the flow of factors, which can
stimulate the effective agglomeration of population and industries.
The ecological environment can represent people’s living
environment and ecological benefits. Improvement of urban
greenery level can improve the ULGUE by affecting the
environmental output. A higher financial development level
indicates that the capital is more likely to flow to high-benefit
projects in a more competitive market, leading to a higher land
development intensity, which can enhance the land use output and
promote ULGUE.

5.3 Parallel trend test

Parallel trend test is the premise for using the difference-in-
difference model to evaluate the policy effect. Based on previous
research results (Beck et al., 2010), this study adopts the event study
method to conduct the parallel trend test. Stata16 is used to draw the
parallel trend test chart for more intuitive display of the results as
shown in Figure 3, where the vertical axis represents estimated
values of regression coefficients and the horizontal axis indicates the
years before and after the implementation of ecological civilization
pilot demonstration area policy.

As shown in Figure 3, regression coefficients are not significant
before the implementation of ecological civilization pilot
demonstration area policy, indicating that there is no significant
difference in ULGUE before the implementation of the policy. After

implementation of the policy, regression coefficients become
significantly positive for three consecutive years, implying that
implementation of ecological civilization pilot demonstration area
policy has a significant impact on ULGUE. Therefore, it can be
proved that the study passes the parallel trend test hypothesis.

5.4 Robustness test

Since an independent declaration of local government is
necessary for the ecological civilization pilot demonstration area,
there is a phenomenon of remarkable ecological civilization
conditions in the declaration area, causing the endogeneity in
this study. Therefore, a robustness test is conducted as follows.
In this study, tail shrinkage treatment, lag treatment, placebo test
and excluding the influence of other policies are used to test the
robustness of research conclusions. For the tail shrinkage treatment,
to avoid the interference of abnormal values or extreme values on
the test results, core variables such as ULGUE are treated with
regression after tail shrinkage of data, and the results are shown in
Table 7. Model 1) is 1% tail shrinkage; model 2) is 5% tail shrinkage;
and model 3) is 10% tail shrinkage. The results show that the
regression coefficient is significant in the 99% confidence interval
whether the samples are treated with 1%, 5% or 10% tail shrinkage,
suggesting that the ecological civilization pilot demonstration area
policy always has a significantly positive effect. For the lag treatment,
in view of the hysteresis for the effect of ecological civilization pilot
demonstration area policy, this study carries out lag treatment on
the core independent variable “pilot cities”, and the results are
shown in columns 4) and 5) of Table 7. Among them, model 4)
and model 5) display the regression results of one-period and two-
period lag treatment, respectively, both of which show significantly
positive coefficients. For the placebo test, experimental groups are
randomly selected. To verify that the increase in ULGUE in the
experimental group was indeed caused by the ecological civilization

FIGURE 2
ULGUE values in different regions from 2006–2019.
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pilot demonstration area construction, rather than being influenced
by other non-observational factors, this study conducted a placebo
test by randomly assigning ecological civilization demonstration
zones and conducting 500 random sampling to obtain
500 estimation coefficients. Figure 4 shows the probability
density distribution of the estimation coefficient, and the vertical

solid line is the estimated value of the benchmark regression
coefficient. It can be seen that the coefficient estimates obtained
from the placebo test are concentrated around the 0 value, indicating
that the random sampling sample combination has no effect on
ULGUE. Therefore, it can be considered that the significant
promoting effect of the ecological civilization demonstration area

TABLE 5 Transfer matrix of ULGUE in 2006–2019.

2006 2019

Class I Class II Class III Class IV Class V Total

Class I 20 0 0 0 0 20

Class II 38 0 0 0 0 38

Class III 18 58 0 0 0 76

Class IV 0 85 0 0 0 85

Class V 0 4 40 0 0 44

Total 76 147 40 0 0 263

Note: The city numbers in Table 5 are the numbers of transformed cities. The natural breakpoint is used to classify urban land green use efficiency in 2006, and there are five types in total.

Among them, Class I > 0.670, Class II (0.575~0.670); Class III (0.512~0.575); Class IV (0.456~0.512); Class V < 0.456.

TABLE 6 Benchmark regression results.

Variables DID DID PSM-DID PSM-DID

(1) (2) (3) (4)

Did 0.00131*** 0.00120*** 0.00132*** 0.00116**

(2.84) (2.65) (2.85) (2.56)

Re −0.00310*** −0.00320***

(−12.57) (−12.62)

Il 0.03267** 0.03294**

(2.15) (2.14)

Is 0.00518*** 0.00531***

(7.22) (7.26)

Ii 0.00087** 0.00107**

(1.97) (2.32)

Ee 0.00004*** 0.00005***

(4.97) (5.52)

Fdl 0.00232*** 0.00245***

(4.50) (4.68)

Constant 0.52844*** 0.46852*** 0.52844*** 0.46612***

(1655.41) (46.65) (1629.83) (45.61)

Year Yes Yes Yes Yes

City Yes Yes Yes Yes

Observations 3682 3682 3632 3632

Number of city 263 263 263 263

Note: Figures in brackets are all significant p values; ***, ** and * represent significance at the level of 1%, 5% and 10%, respectively, the same below.
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on ULGUE is real, and the results in the benchmark regression are
robust. For excluding the influence of other policies. During the long
research period, ULGUEmay be influenced by other similar policies.
This study selects two types of policies, namely, “civilized city” and
“low-carbon city”, which are similar to the “ecological civilization
pilot demonstration area” policy, to be included in the regression.
The results are shown in Model 6) of Table 7. The results indicate
that after adding other policies, the estimated coefficients remain
significantly positive, with the coefficient sign unchanged and the
value slightly increased, revealing that adding other policies will not
affect research conclusions. These robustness test results further
consolidate the reliability of basic regression results, indicating the
reliability of the research conclusion that construction of ecological
civilization pilot demonstration area can improve the ULGUE.

5.5 Spatial spillover effect

During the construction of an ecological civilization pilot
demonstration area, neighboring cities may learn from,
cooperate, and exchange with the pilot cities, which will boost
the improvement of ULGUE in surrounding cities. Moreover,
low-end industries unfavorable for regional development or with
high pollution may be mitigated from pilot cities to neighboring
cities, which will indirectly hinder the improvement of ULGUE in
the neighboring areas. Hence, the next section will analyze the
spatial spillover effect of ecological civilization pilot
demonstration area policy.

First, a spatial autocorrelation test is performed on the
dependent variable. This study conducts the global Moran test on
ULGUE. A positive and negative value of Moran’s I indicate the
existence of positive and negative spatial correlations, respectively.
Table 8 shows that in the adjacency matrix and inverse distance
matrix, theMoran’s I value of ULGUE is greater than 0 and increases
year by year during the study period, which passes the significance
test. These results indicate that the ULGUE in China has a positive
correlation in space, and the clustering feature of positive correlation
is increasing gradually.

Secondly, the ULGUE data in 2006 and 2019 are treated with
local Moran test and a local Moran scatter diagram is plotted.
The results are shown in Figure 5 (points represent cities). The
first quadrant represents the “high-high” aggregation area; the
second quadrant stands for the “low-high” aggregation area; the
third quadrant represents the “low-low” aggregation area; and
the fourth quadrant indicates the “high-low” aggregation area.
As a result, most of ULGUE for Chinese cities is concentrated in
the first and third quadrants, suggesting that cities in “high-
high” and “low-low” aggregation areas are dominant. These
results indicate that ULGUE of each city has an obvious spatial
positive effect, which is consistent with the test results of global
Moran’s I.

Based on the above conclusions, the spatial Durbin model
(SDM) is used to further estimate the effect of ecological
civilization pilot demonstration area construction on ULGUE.
According to the LR test and Hausman test, the results pass the
significance test and reject the original hypothesis, indicating that
the SDM will not degenerate into the spatial error model (SEM) and
the spatial lag model (SLR) and support the fixed effect. Therefore, it
is more appropriate to choose SDM with both time and individual
fixed effects for analysis.

Table 9 summarizes the benchmark regression results of spatial
Durbin and decomposition results of the spatial spillover effect.
Among them, model 1) shows the benchmark regression results of
SDM, and models (2–4) show the empirical results after
decomposition of the spatial spillover effect generated by the
ecological civilization pilot demonstration area policy determined
with the partial differential method.

Based on the benchmark regression results of spatial Durbin, the
core independent variable did is positive and significant at the level
of 1%, suggesting that the implementation of ecological civilization
pilot demonstration area policy contributes to the improvement of
ULGUE. The spatial spillover effect is significantly positive,
indicating that the implementation of this policy can improve the
ULGUE of adjacent areas around pilot cities.

The direct effect in model 2) represents the local effect, which
refers to the effect of ULGUE within pilot cities. The indirect effect
in model 3) is the spillover effect of ecological civilization
demonstration area construction in surrounding areas on the
ULGUE of local areas (non-pilot cities). The total effect in model
4) represents the comprehensive impact. According to the
decomposition results of spillover effect in further analysis, the
direct effect, indirect effect, and total effect of ecological
civilization pilot demonstration area construction are all positive
and significant at the level of 1%, which is consistent with the above
analysis.

These results indicate that the implementation of ecological
civilization pilot policy can promote the ULGUE of the pilot
cities and also have positive spillover effects on the neighboring
cities. The possible reason is that the construction of pilot cities
promotes the cross-regional flow of talents, capital, technologies
and other factors through the scale effect and agglomeration
effect, which has a spatial radiation effect on neighboring cities
and then inspires surrounding cities to imitate the pilot cities,
thereby indirectly achieving the upgradation of ULGUE of
neighboring cities in the ecological civilization pilot
demonstration area.

FIGURE 3
Parallel trend test.
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TABLE 7 Robustness test.

Variables (1) (2) (3) (4) (5) (6)

Did 0.00148*** 0.00237*** 0.00328*** 0.00105** 0.00088* 0.00211*

(2.65) (2.80) (2.88) (2.30) (1.68) (1.77)

Re −0.00364*** −0.00447*** −0.00435*** −0.00284*** −0.00249*** 0.00901***

(−11.30) (−8.81) (−6.15) (−11.05) (−8.41) (18.97)

Il 0.05837*** 0.26918*** 0.43666*** 0.02989* 0.03830** 0.17010***

(2.72) (5.30) (5.19) (1.94) (2.17) (4.39)

Is 0.00495*** 0.00445*** 0.00691*** 0.00610*** 0.00659*** 0.01582***

(5.65) (3.82) (5.03) (7.47) (6.86) (13.83)

Ii 0.00156*** 0.00241** 0.00322** 0.00081* 0.00058 0.00584***

(2.67) (2.49) (2.28) (1.76) (1.07) (6.08)

Ee 0.00009*** 0.00015*** 0.00021*** 0.00005*** 0.00005*** 0.00020***

(5.79) (3.82) (2.80) (5.53) (5.37) (5.39)

Fdl 0.00288*** 0.00333*** 0.00165 0.00236*** 0.00193*** 0.02158***

(4.45) (3.64) (1.51) (4.39) (3.17) (25.95)

Constant 0.48472*** 0.49785*** 0.47769*** 0.46118*** 0.47842*** −0.04536***

(39.99) (32.33) (27.32) (39.82) (34.70) (-3.34)

Year Yes Yes Yes Yes Yes Yes

City Yes Yes Yes Yes Yes Yes

Observations 3632 3632 3632 3351 3083 3632

Number of city 263 263 263 263 263 263

FIGURE 4
Placebo test.
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5.6 Further heterogeneity analysis

5.6.1 Urban geographical location
Up to now, the development differences between regions in

China cannot be ignored, which may have great impacts on the
implementation effect of pilot policy. To explore differences in
the effect of ecological civilization pilot demonstration area
policy on ULGUE of cities in different geographical
locations, this study divides the sample cities into eastern
and non-eastern cities according to their location for
regression analysis, and the regression results are shown in
Table 10.

Model 1) and model 3) show that the ecological civilization pilot
demonstration area policy has a significant positive effect on

ULGUE in non-eastern regions, but the effect is insignificant in
eastern regions, indicating that ecological civilization construction
can better promote the ULGUE in non-eastern regions. Model 2)
and model 4) demonstrate that the ecological civilization pilot
demonstration area policy has significant positive spatial spillover
effects on ULGUE in both eastern and non-eastern regions, and the
spatial spillover effect in non-eastern region is more significant than
that in eastern region.

To sum up, the reason may be that ecological civilization
construction in the non-eastern region is still at an early stage
with a more significant marginal role. In contrast, developed
economy and fierce competition among cities together
with relatively fierce competition for professional talents
and high-tech enterprises in the eastern region may have
restrained the full release of policy dividend. This effect not
only causes the insignificant policy effect on ULGUE for cities,
but also results in a weaker spillover effect in the eastern
region.

5.6.2 Urban resource endowment
Natural resource endowment is different between regions, which

may lead to effect heterogeneity of ecological civilization pilot
demonstration area policy on ULGUE. Hence, this study
classifies sample cities into resource-based and non-resource-
based cities for regression analysis according to the National
Resource-based City Sustainable Development Plan issued by the
State Council in 2013. The regression results are shown in Table 11.

As shown in model 1) and model 3), ecological civilization pilot
demonstration area construction has a significant positive effect on
ULGUE in non-resource-based cities, while has no significant effect
on ULGUE in resource-based cities. This result indicates that for
non-resource-based cities, ecological civilization construction can
promote ULGUE, probably because the leading industry in
resource-based cities is featured by resource exploitation and
processing, where environmental pollution and resource waste
are relatively serious, resulting in less effective policy dividend in
resource-based cities.

Model 2) and model 4) show that in both resource-based and
non-resource-based cities, implementation of ecological civilization
pilot demonstration area policy has a significant positive spatial

TABLE 8 Global Moran’s I of ULGUE in 2006–2019.

Adjacency matrix Inverse distance matrix

I z p I z p

2006 0.361 8.635 0.000 0.064 8.982 0.000

2007 0.361 8.648 0.000 0.064 8.999 0.000

2008 0.362 8.661 0.000 0.065 9.016 0.000

2009 0.363 8.673 0.000 0.065 9.032 0.000

2010 0.363 8.684 0.000 0.065 9.048 0.000

2011 0.364 8.695 0.000 0.065 9.063 0.000

2012 0.364 8.706 0.000 0.065 9.077 0.000

2013 0.365 8.716 0.000 0.065 9.091 0.000

2014 0.365 8.725 0.000 0.065 9.104 0.000

2015 0.365 8.735 0.000 0.065 9.117 0.000

2016 0.366 8.744 0.000 0.065 9.129 0.000

2017 0.366 8.752 0.000 0.066 9.141 0.000

2018 0.367 8.760 0.000 0.066 9.152 0.000

2019 0.367 8.768 0.000 0.066 9.163 0.000

FIGURE 5
Scatter chart of local Moran’s I in 2006 and 2019.
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spillover effect on ULGUE in surrounding regions of pilot cities,
particularly for non-resource-based cities. The reason may be that
non-resource-based cities have lower environmental pollution, less

pressure of economic transformation, and more focus on
comprehensive benefits, which will be learnt and imitated by
neighboring cities, thereby improving the spatial spillover effect.

5.6.3 Environmental protection policy intensity
Environmental protection policies may have certain synergistic

effect with ecological civilization pilot demonstration area
construction to improve ULGUE. Therefore, this study examines
the heterogeneity of the effect of urban ecological civilization pilot
demonstration area construction on cities with different
environmental protection policy intensities. According to the
113“key cities for environmental protection8” designated in the
“11th Five-Year Plan” for environmental protection issued by the
State Council in 2007, the sample cities are divided into key and non-
key cities of environmental protection for regression analysis. The
regression results are shown in Table 12.

Model 1) and model 3) show that ecological civilization pilot
demonstration area construction has a significant positive effect on
ULGUE in non-key cities of environmental protection, but makes

TABLE 9 Empirical results of ecological civilization demonstration area
construction and ULGUE.

Variable (1) (2) (3) (4)

Main LR direct LR indirect LR total

Did 0.00217*** 0.00314*** 0.01212*** 0.01525***

(3.90) (5.17) (6.75) (7.27)

Re −0.00227*** −0.00244*** −0.00208*** −0.00452***

(−7.80) (−8.15) (−7.84) (−8.10)

Il 0.08729*** 0.09548*** 0.08116*** 0.17664***

(4.65) (4.97) (4.99) (5.00)

Is 0.02245*** 0.02404*** 0.02045*** 0.04449***

(28.96) (30.96) (24.00) (31.64)

Ii 0.00130** 0.00140** 0.00119** 0.00258**

(2.36) (2.45) (2.47) (2.46)

Ee 0.00011*** 0.00012*** 0.00010*** 0.00021***

(11.60) (11.83) (10.40) (11.37)

Fdl 0.01010*** 0.01083*** 0.00920*** 0.02003***

(17.23) (17.24) (18.03) (18.68)

Wx 0.00551***

(5.27)

Constant −0.12581***

(−17.42)

Observations 3682 3682 3682 3682

Number of city 263 263 263 263

TABLE 10 Analysis of geographical location heterogeneity.

Variables Western region Non-eastern region

(1) (2) (3) (4)

Did 0.00099 0.00195** 0.00090** 0.00222***

(1.17) (2.00) (2.05) (3.35)

Wx 0.00608*** 0.00774***

(3.43) (6.03)

sigma2_e 0.00005*** 0.00003***

(26.36) (31.21)

Constant 0.53573*** −0.11379*** 0.47865*** −0.13092***

(26.19) (−8.40) (50.11) (−15.59)

Controlled variables Yes Yes Yes Yes

Observations 1526 1526 2156 2156

Number of cities 109 109 154 154

TABLE 11 Analysis of resource endowment heterogeneity.

Variables Resource-based city Non-resource-based
city

(1) (2) (3) (4)

Did 0.00045 0.00448*** 0.00151** 0.00636***

(0.91) (4.25) (2.33) (7.76)

Wx 0.00576*** 0.00602***

(4.22) (3.99)

sigma2_e 0.00006*** 0.00005***

(25.27) (32.31)

Constant 0.48063*** −0.18024*** 0.48063*** −0.16953***

(50.76) (−14.85) (50.76) (−15.52)

Controlled variables Yes Yes Yes Yes

Observations 1428 1428 2254 2254

Number of city 102 102 161 161

8 List of key cities for environmental protection: Beijing, Tianjin, Shanghai,
Chongqing, Shijiazhuang, Taiyuan, Hohhot, Shenyang, Changchun,
Harbin, Nanjing, Hangzhou, Hefei, Fuzhou, Nanchang, Jinan,
Zhengzhou, Wuhan, Changsha, Guangzhou, Nanning, Haikou,
Chengdu, Guiyang, Kunming, Lhasa, Xi’an, Lanzhou, Xining, Yinchuan,
Urumqi, Dalian, Qingdao, Ningbo, Xiamen, Shenzhen, Qinhuangdao,
Tangshan Baoding, Handan, Changzhi, Linfen, Yangquan, Datong,
Baotou, Chifeng, Anshan, Fushun, Benxi, Jinzhou, Jilin, Mudanjiang,
Qiqihar, Daqing, Suzhou, Nantong, Lianyungang, Wuxi, Changzhou,
Yangzhou, Xuzhou, Wenzhou, Jiaxing, Shaoxing, Taizhou, Huzhou,
Maanshan, Wuhu, Quanzhou, Jiujiang, Yantai, Zibo, Tai’an, Weihai,
Zaozhuang, Jining, Weifang, Rizhao, Luoyang, Anyang, Jiaozuo Kaifeng,
Pingdingshan, Jingzhou, Yichang, Yueyang, Xiangtan, Zhangjiajie,
Zhuzhou, Changde, Zhanjiang, Zhuhai, Shantou, Foshan, Zhongshan,
Shaoguan, Guilin, Beihai, Sanya, Liuzhou, Mianyang, Panzhihua, Luzhou,
Yibin, Zunyi, Qujing, Xianyang, Yan’an, Baoji, Tongchuan, Jinchang,
Shizuishan, Karamay, 113 cities in total
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no significant difference in ULGUE in key cities. According tomodel
2) and model 4), implementation of ecological civilization pilot
demonstration area policy has no significant spatial spillover effect
in both key and non-key cities.

In summary, for key cities of environmental protection, the
ecological civilization pilot demonstration area policy fails to
promote the ULGUE of both local and neighboring cities. This
result indicates that implementation of this policy has no remarkable
contribution to ULGUE when the spatial spillover effect is
considered, but may have potential growth effect in both local
and adjacent areas. More effectively targeted policies will generate
a positive influence on ULGUE in key cities of environmental
protection. For those non-key cities of environmental protection,
the pollution industry makes little contribution to urban economic
growth, and there is relatively lower resistance for the improvement
of ULGUE through policy regulation. Implementation of ecological
civilization pilot demonstration area policy can better improve
ULGUE, and its insignificant spatial spillover effect on
neighboring cities may be related to the “siphon effect".

6 Conclusion and discussion

6.1 Conclusion

From the perspective of promoting regional sustainable
development, breaking the bottleneck constraints of resources
and environment and balancing the relationship between
economic development and ecological civilization construction
will be one of the important challenges faced by China’s
sustainable development policies in the future. Evaluating the
role of the “Ecological Civilization Pilot Demonstration Area”
policy in improving the efficiency of urban land green utilization
is of great significance for improving this policy and correctly
handling the relationship between economic development and
ecological civilization construction. Therefore, this study

measures the ULGUE of 263 cities at the prefecture and above
level in China from 2006 to 2019, and uses the multi-period PSM-
DIDmodel and SDM-DID spatial econometric model to empirically
test the effect of ecological civilization pilot demonstration area
policy on ULGUE. The main conclusions are as follows.

(1) The ecological civilization pilot demonstration area policy can
significantly increase the ULGUE, as the ULGUE of pilot cities is
about 0.12% higher than that of non-pilot cities. From the
perspective of time, the ULGUE in China shows a steady
upward trend. However, the overall ULGUE level is relatively
low in China with obvious regional differences, and there is still
48% of space for improvement. From the perspective of space,
the ULGUE presents a spatial pattern of eastern > national >
central > western.

(2) The ecological civilization demonstration area policy has obvious
spatial heterogeneity in its improving effect on ULGUE. From the
perspective of geographical location, the policy has no significant
promoting effect on ULGUE in the eastern region, but remarkably
improves ULGUE in the non-eastern region. From the perspective
of resource endowment, the policy has no significant effect on
ULGUE in resource-based cities, but can significantly promote
ULGUE in non-resource-based cities. From the perspective of
environmental protection policy intensity, the policy can
promote ULGUE in non-key cities of environmental protection,
but shows no significant effect on ULGUE in key cities.

(3) Implementation of ecological civilization pilot demonstration area
policy can not only promote the ULGUE of the pilot cities, but also
help to improve the ULGUE in surrounding cities through the
spatial spillover effect, which is related to urban characteristics such
as urban geographical location, resource endowment, and
environmental protection intensity. The non-eastern region and
non-resource-based cities generally have stronger spatial spillover
effects; key environmental protection cities have potential growth
effect; while non-key environmental protection cities have no
significant spatial spillover effect.

TABLE 12 Heterogeneity analysis of environmental protection policy intensity.

Variables Key cities for environmental protection Non-key cities for environmental protection

(1) (2) (3) (4)

did 0.00037 0.00445*** 0.00172** 0.00508***

(0.68) (4.85) (2.57) (5.80)

Wx 0.00205 −0.00170

(1.61) (−1.18)

sigma2_e 0.00005*** 0.00005***

(25.98) (31.62)

Constant 0.42816*** −0.23195*** 0.48350*** −0.13670***

(31.16) (−19.53) (35.33) (−13.31)

Controlled variables Yes Yes Yes Yes

Observations 1470 1470 2212 2212

Number of cities 105 105 158 158
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6.2 Policy recommendations

Based on the above findings, the policy recommendations of this
study are as follows.

(1) More attention should be paid to the improving effect of
ecological civilization demonstration area policy on ULGUE.
Besides, the scope of pilot cities should be gradually
expanded while summarizing and popularizing the pilot
policy experiences. Cities that have not conducted
ecological civilization pilot construction should fully
mobilize their regional resources to learn from the
successful cases in combination with their own urban
characteristics. Moreover, the government should
coordinate national strategic planning and deployment, so
as to gradually expand the pilot scope of ecological
civilization demonstration area and effectively achieve
part-to-whole development.

(2) In the implementation of ecological civilization pilot
demonstration area policy, full consideration should be given
to the geographical location, resource endowment,
environmental protection intensity, and other urban
characteristics that may affect the policy implementation
effect. In response to ecological civilization pilot policy, the
local government should grasp the time node and refine the
implementation plan of pilot policy in combination with actual
urban situation. On the one hand, it is not rational to blindly
copy the experience of surrounding cities or other pilot cities.
On the other hand, the pilot policy has a more significant
promoting effect on ULGUE in non-eastern regions, non-
resource-based cities and non-key cities of environmental
protection. Therefore, it is necessary to accelerate ecological
civilization construction in such cities, so as to maximize the
policy effectiveness and improve the ULGUE of these cities and
even the whole region.

(3) In view of the spillover effect, the central and western regions
and non-resource-based cities are supposed to strengthen
infrastructure construction in relevant economic fields, so as
to expand the scope of ecological civilization pilot cities and give
full play to spillover dividends. The eastern region and resource-
based cities should promote the integration and development of
ecological civilization and social and economic industries.
Moreover, it is necessary to strengthen industrial cooperation
between regions and strictly prevent the transfer of pollution
industries to neighboring regions. By establishing a cross-
regional ecological compensation mechanism and industrial
transfer guidelines, the industrial transfer should be carried
out in a green way to promote the green and sustainable
development of Chinese cities.

6.3 Limitations and future prospects

This study may have the following limitations.
1) Due to the lack of accurate and complete environmental data

such as greenhouse gas emissions and soil erosion, this study only
uses industrial wastes to measure the unexpected output for
ULGUE, there is still space for improvement. In addition, the

time limit for measuring the ULGUE in this study is 2019, which
means that the follow-up study needs to select data with higher
accuracies and updated years to measure national ULGUE. 2) By
taking into account the difference in policy effect on administrative
areas, this study only uses Chinese cities as the research object when
empirically testing the ecological civilization pilot demonstration
area policy. The effects of pilot policy at province, district, county
and other levels also present in the ecological civilization pilot
demonstration area are eliminated. Since we use municipal panel
data, the regression coefficient between the two is relatively small
when capturing the impact of ecological civilization pilot
demonstration area construction on urban land green use
efficiency, which is not only related to the setting of the
explained variable ULGUE, but also limited by the availability of
data. Therefore, when only considering prefecture level cities, the
construction of ecological civilization demonstration zones is indeed
limited in improving the overall ULGUE. Further research should
pay more attention to this aspect, and further test the
comprehensiveness of samples and the policy effect at different
administrative levels. 3) This study is an exploratory study of the
policy effect of ecological civilization pilot demonstration area
construction on ULGUE. We have only qualitatively analyzed the
impact mechanism of the construction of ecological civilization
demonstration zones on the green utilization efficiency of urban
land theoretically, and have not yet conducted quantitative analysis
on it. Future research can be conducted to reveal the specific
mechanism for ecological civilization pilot demonstration area
policy to improve ULGUE.
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