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Abstract: In the political context of “carbon peaking” and “carbon neutrality” proposed by the
Chinese government, this paper investigates the spatio-temporal evolution of land use transition in
China after the implementation of the carbon emission trading scheme (CETS). Based on the analysis
of the spatio-temporal evolution, we discuss the spatial spillover of the policy effects. With the help
of China’s CETS policy, this study explores the above issues with the main observation samples
of the six provincial pilots included in CETS. Using the entropy weighting method, the indicator
construction method, and local Moran’s I test, this paper takes 30 provincial areas in China from
2010 to 2017 as the full sample, and draws the following conclusions: (1) both the economic and
environmental effects generated by CETS can optimize land use transition in the pilot areas, but the
effective time points of the two are different; (2) the time for land use transition to be optimized by
the two effects of CETS is different, among which the economic effect takes effect faster than the
environmental effect; and (3) there is spatial spillover of the optimization effect of CETS on land use
transition, but the specific effect depends on the industrial structure and development plan of the
pilot areas.

Keywords: land use transition; CETS; sustainable development; spatio-temporal evolution

1. Introduction

Global climate change is increasingly testing human activities, and more and more
countries and regions are putting forward the vision of a “carbon-free future”. In recent
years, China has been plagued by environmental problems such as haze pollution, and
domestic environmental problems are becoming more and more intense. Environmental
pollution has already had a negative impact on China’s economic development [1] and the
health of its inhabitants [2,3]. On the other hand, China’s energy structure is dominated by
fossil fuels. According to relevant statistics from the Wind database, the share of coal, oil,
and natural gas reached 85% in 2019, and the large amount of fossil fuel use has caused
a continuous increase in carbon emissions. In 2019, the share of carbon emissions from
fossil fuels reached 92%. With China’s declining fossil energy reserves and rising energy
costs [4], as well as increased uncertainty over imported energy due to trade conflicts [5],
it has become imperative to save energy and reduce emissions. Large amounts of carbon
emissions are also causing climate change problems in China [4,6], and the average surface
temperature has gradually increased from 7.14 ◦C in 1990 to 10.17 ◦C in 2019, with the
warming phenomenon becoming more pronounced. Against this background, the Chinese
government has been paying long-term attention to greenhouse gas limitations and has
enacted a series of measures, and in 2020, it proposed a dual carbon strategy of “carbon
peaking” and “carbon neutrality” (CO2 emissions strive to reach a peak by 2030 and strive
to achieve carbon neutrality by 2060) [7]. One of the more successful and landmark policies
of the period is the carbon emission trading scheme (CETS) [8]. The trading of carbon
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emission rights is one of the most efficient and promising tools for carbon regulation [9].
China began planning for the implementation of a carbon emission trading scheme as early
as October 2011. Between 2013 and 2014, Shenzhen, Shanghai, Beijing, Tianjin, Guangdong,
Hubei, and Chongqing were opened as pilot provinces for the carbon emission trading
scheme (CETS). The CETS was first proposed by the State Council of the People’s Republic
of China in 2011 as part of the Twelfth Five-Year Plan. The primary objective of the CETS
is to promote the development of an economic development model with low greenhouse
gas emissions. CETS covers seven pilot provinces and cities, mainly covering the eight
highly polluting industries of petrochemical, chemical engineering, building, iron and steel,
nonferrous metal, paper making, electric power, and air transportation, involving at least
2000 physical enterprises [10]. Using carbon emissions as a benchmark, the growth rate of
China’s total carbon emissions has slowed down significantly up to 2017 (Figure 1), and
the CETS can be considered successful to some extent [11].
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Accompanying the context of China’s aim to limit greenhouse gases is the long-
standing land use problem that the country faces. Over the past decades, China’s economic
privatization reforms have significantly changed the use of land in China [11]. However,
similar to other parts of the world, the urbanization of China has been accompanied by the
expansion of urban land areas [12,13] and a proliferation of urban populations. This has
been accompanied by serious environmental pollution problems [14] and a gradual decline
in land use efficiency [15]. At the same time, with the reduction of newly available land in
cities, the allocation of land for various uses is becoming increasingly intense [16], and land
use and redistribution are in urgent need of adjustment. On the other hand, along with the
improvement of the quality of life of the population, fixed land area is required to be able
to produce more economic benefits. Studies have been carried out on the sustainability of
land use [17], the economic development of suburban land [18], and the economic benefits
of agriculture [19]. At the same time, the contradiction between the economic development
and environmental protection faced by developing countries [6] makes it necessary to
discuss the two in an organic way.

Land use transition was originally proposed by Grainger [20] and refers mainly to
long-term and trending changes in land use patterns within a region [21–23]. Among
these, land use patterns record the characteristics of socioeconomic development in the
region [24,25]. Traditional studies of land use transition have focused on specific land types,
such as rural residential land [26] and industrial land [27]. The emergence of the Global
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Land Project (GLP) has focused international research on environmental change on water
systems, carbon, food, and land. As an important part of the GLP, land use transition has
received much attention from researchers on how to optimize land use, how to improve the
efficiency of resource use, how to adjust the appropriate industrial structure, and how to
promote the process of sustainable development [28,29]. At this time, the definition of land
use transition has been expanding. In the context of economics, land use transition can refer
to the change in land use patterns over time, corresponding to the transition of economic
and social development stages. With economic improvement and social development,
land use pattern conflicts at the regional level gradually weaken [30], which effectively
reflects changes in the natural environment, as well as the process of socio-economic
development [31]. Since then, researchers have focused more on the eco-environmental
effects [32,33] and driving mechanisms [34] of land use transition.

Van et al. found that an important policy would significantly change the land use tran-
sition of a region [35]. The CETS is not only an important attempt to achieve China’s ‘double
carbon goal’, but also an environmental regulatory policy tool with both economic [36] and
ecological effects [37]. The former changes the regional industrial structure [38], labour
supply and demand [39], whereas the latter affects the regional emissions [40], energy use
efficiency [41], etc. Therefore, this paper argues that before and after the implementation of
CETS, there will be significant changes in the economic and environmental levels in land
use transition in its pilot areas. Research discussing the relationship between the environ-
ment and land use transition is not uncommon. Froese and Schilling, for example, discuss
the relationship between environmental change, land use, and regional conflicts [42]. There
are also studies discussing the impact of greenhouse gas emissions on the transformation of
arable land [43], the impact of environmental change on urban land use transition [16,33,44],
the impact of changes in the hydrological environment on land use [45], and even a strong
interaction between environmental change and land use [46], among others. Since CETS
is a good exogenous policy shock, most studies prefer to investigate it through double
difference-in-difference (DID) estimation methods [47], mainly discussing its policy ratio-
nality or economic consequences [11,48]. However, studies exploring the impact of CETS on
land use transition are not sufficient. For example, Tang et al. (2022) discussed the impact of
CETS on land use transition in terms of the economic, environmental, and Porter effects of
CETS using DID estimation [11]. However, their focus is on the causal argument between
CETS and land use transition, which fails to reflect the spatio-temporal evolutionary land
use patterns under the influence of CETS, and there is still room for further discussion
on the spillover effects of CETS. For example, Xia et al. (2021) investigated the mitigation
effects of CETS using the DID estimation method, but did not consider the impact of the eco-
nomic effects generated by CETS, and again did not analyze the spatio-temporal evolution
pattern and its possible spillover effects [49]. Arguably, these studies that look at outcomes
and ignore spatio-temporal changes in land use transition are clearly inadequate [50,51].
In this strand of the CETS literature on the economic and environmental consequences of
land use transition, there should be studies that take a comprehensive look at the dynamic
framework over a certain length of time. Based on the above, this paper makes the first
type of hypothesis.

Hypothesis 1a (H1a) CETS optimizes land use transition in the pilot area in terms of the economic
effect dimension.

Hypothesis 2a (H2a) CETS optimizes land use transition in the pilot area in terms of the environ-
mental effect dimension.

Given that innovation takes time to develop [52], and that changes in a company’s
business strategy are difficult to make in the short term, it is possible to implement measures
such as production reductions more smoothly. This is combined with the finding that the
economic effects of CETS work faster than the environmental effects [39]. This paper
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suggests that the economic and environmental dimensions of CETS have different effects
on land use transition optimization. Based on the above, this paper makes the second type
of hypothesis.

Hypothesis 1b (H1b) This optimization effect from the economic effect dimension on land use
transition takes effect immediately.

Hypothesis 2b (H2b) This optimization of land use transition in terms of environmental effects
takes effect with a lag.

Tobler once said: “Everything is related to everything else, but near things are more
related than distant things” [53]. Although the CETS only acted on the pilot areas, the
responses of the pilot areas will likely affect their surrounding areas. For example, a
study by Du et al. concluded that CETS had a negative spillover effect on innovation
development in neighboring regions [54], whereas a study by Tang et al. found that CETS
had a dampening effect on economic development in neighboring regions, but was able to
promote improvements in their environmental pollution [11]. This paper argues that the
differences in the economic and environmental dimensions of the CETS spillover effects
may be due to the current conflict between the economy and the environment in China.
Specifically, the pilot companies need to launch innovative activities in order to cope with
the CETS, thus creating a siphoning effect that causes capital from neighboring regions to
concentrate there, thus inhibiting the economic development of neighboring regions. On
the other hand, given the trend of green development, neighboring regions, although not
strictly required by the CETS, may still prepare in advance for possible future emission
restrictions. The neighboring provinces of the pilot areas, on the other hand, are more likely
to learn from the pilot areas, and thus reduce their own pollution emissions, as they have
closer economic and political exchanges with the pilot areas. Therefore, this paper makes a
third type of hypothesis.

Hypothesis 1c (H1c) There is a negative spillover effect of this optimization of land use transition
in terms of economic effects.

Hypothesis 2c (H2c) There is a positive spillover effect of this optimization effect on land use
transition from the environmental effect dimension.

The possible marginal contributions of this paper are as follows. (1) The current
literature on the impact of CETS on land use transition is scarce, and most of them adopt
the DID estimation method to determine the causal relationship between them, but pay less
attention to their spatio-temporal evolution patterns and spatial spillover phenomena. This
study enriches these contents. (2) This paper combines the entropy method, the indicator
construction method, and a Moran scatterplot to reflect the spatio-temporal evolution
patterns and spillover effects of land use transition more effectively and accurately.

The remaining sections of this paper are as follows. Section 2 introduces the sample
areas, research ideas, details of the evaluation system of land use transition, data sources,
and applied methods. Section 3 presents the results of the entropy method, and analyzes
the spatio-temporal evolution patterns, and spillover effects of land use transition under
the influence of CETS. The results obtained in the previous section are discussed in detail
in Section 4, and a series of policy implications are obtained for the “double reduction” of
carbon emissions in China.

2. Methodology
2.1. Introduction of CETS Pilot Regions

This study focuses on the six pilot provincial regions mentioned in CETS, namely
Beijing, Tianjin, Shanghai, Chongqing, Hubei, and Guangdong. These six regions are briefly
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described in the following section. Figure 2 shows the distribution of these six regions
in China.
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Beijing is located in northern China (115.7◦–117.4◦ E, 39.4◦–41.6◦ N) and is bordered by
Tianjin and Hebei. As of 2020, Beijing has a total area of 16,410.54 km2, a resident population
of about 21,893,000, and a GDP of 361,026,000 RMB, ranking 13th in the country (in terms
of 31 provincial units, same as below). As of 2017, Beijing’s highest carbon emissions were
90.9 Mt (at 2010), and its carbon emissions have significantly decreased and stabilized
since 2013.

Tianjin is located in northern China (116◦43′–118◦04′ E, 38◦34′–40◦15′ N), bordering
Beijing and Hebei Province. As of 2020, Tianjin has a total area of 11,966.45 km2, a resident
population of about 13,866,000, and a GDP of RMB 140,837,300, ranking 23rd in the country.
As of 2017, Tianjin’s highest carbon emissions were 150.0 Mt (at 2017), and its carbon
emissions are still increasing, but the growth rate is gradually slowing down.

Shanghai is located in eastern China (120◦52′–122◦12′ E, 30◦40′–31◦53′ N) and is
bordered by Jiangsu and Zhejiang provinces. As of 2020, Shanghai has a total area of
6340.5 km2, a resident population of about 24,870,900 people, and a GDP of 387,006,000 RMB,
ranking 10th in the country. As of 2017, Shanghai’s highest carbon emission is 230.7 Mt (at
2010), and its carbon emission trend is the same as that of Beijing.

Chongqing is located in western China (105◦11′–110◦11′ E, 28◦10′–32◦13′ N) and is
bordered by Hubei and Hunan provinces, Guizhou, Sichuan, and Shaanxi. As of 2020,
Chongqing has a total area of 82,402 km2, a resident population of about 32,054,200, and a
GDP of 25,002,000 RMB, ranking 17th in the country. As of 2017, Chongqing has the highest
carbon emission, at 153.8 Mt (at 2017), but its carbon emissions have generally remained
stable and have shown signs of decline since 2010.

Hubei Province is located in central China (108◦21′–116◦07′ E, 29◦01′–33◦6′ N), border-
ing Anhui Province, Chongqing Municipality, Shaanxi Province, Jiangxi Province, Hunan
Province, and Henan Province. As of 2020, Hubei Province has a total area of 185,900 km2,
a resident population of about 57.75 million, and a GDP of 434,435,000 RMB, ranking 8th in
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the country. As of 2017, Hubei Province’s highest carbon emission was 338.60 Mt (at 2014),
and its carbon emissions have shown a decreasing trend since 2014.

Guangdong Province is located at the southernmost point of mainland China (109◦39′–
117◦19′ E, 20◦13′–25◦31′ N) and is bordered by Guangxi Province, Hunan Province, Jiangxi
Province, Fujian Province, and Hainan Province. Among them, Hainan Province is across
the sea. As of 2020, Guangdong Province has a total area of 179,725 km2, a resident
population of about 126,012,500, and a GDP of 1,107,609,000 RMB, ranking 1st in the
country. As of 2017, the highest carbon emission in Guangdong Province is 521.74 million
tons (in 2016), and remains stable year-round.

2.2. Study Strategy

This study aims to investigate the spatio-temporal evolutionary trends of land use
transition in economic and environmental dimensions under the influence of CETS. First,
we construct an indicator evaluation system for land use transition and measure the land
use transition indicators using the entropy method. Secondly, we construct Evolution
indicators to identify the spatio-temporal evolution trends of land use transition in different
periods and map the Evolution data to understand the possible spillover effects. Meanwhile,
a Moran scatterplot is used to further examine and analyze these spillover effects. Finally,
the above results are analyzed and discussed to determine the validity of the hypotheses
proposed in the study. Figure 3 shows the above process.
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2.3. Indicators and Data
2.3.1. Evaluation System of Land Use Transition

According to the previous section, CETS has economic and environmental effects
that will affect the land use transition of a region. Therefore, this study constructs the
evaluation system of land use transition indicators from the economic dimension and
the green development dimension, respectively. The entropy method is used to assign
weights to these indicators, and its assignment steps will be executed by Matlab R2016a
software. Table 1 summarizes the situation of the land use transition indicator system and
the descriptive statistics of each indicator. The data in Table 1 are for 30 provincial regions
in China (except Tibet, Hong Kong, Macao, and Taiwan) from 2010–2017.

Under the influence of the economic effect of CETS, the pilot enterprises, especially the
highly polluting enterprises, mainly face two choices. One is to reduce or stop production
to avoid the “punishment” of exceeding the carbon emission limit. This will also hinder
the economic development of the region, thus reducing the economic benefits of land use
transition. The second is to implement an innovative transformation. Companies can
use this to increase the additional value of their products or services to cover the cost of
emissions, or reduce the cost of emissions by innovating pollution control to reduce the
amount of emissions produced per unit of product. This will improve the quality of the
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region’s economy, and thus improve the quality of land use. Based on the above brief
analysis, we will measure the economic dimension of land use transition in terms of both
economic growth rate and the quality of economic development.

Table 1. Evaluation system of land use transition indicators under the economic and green develop-
ment dimensions.

Dimension Type Secondary
Indicators Unit Direction Obs Mean Std. Dev. Min Max

Economic
dimension of

land use

Economic
growth

GDP growth rate % + 240 9.70 2.80 0.50 17.40
GDP per capita

growth rate % + 240 9.01 3.30 −2.40 25.30

Economic
quality

The proportion of
added value of

tertiary industry
% + 240 45.79 9.09 30.70 82.70

Share of science and
technology
expenditure

% + 240 1.96 1.38 0.39 6.58

Full-time equivalent
of R&D personnel Man-year + 240 9.70 2.80 0.50 17.40

Green
development
dimension of

land use

Pollution
emissions

Industrial
waste gas emissions

intensity

Thousand
tons/km2 - 240 2.30 3.84 4.05 × 10−5 22.01

Industrial
wastewater emissions

intensity

Thousand
tons/km2 - 240 7.26 12.20 0.11 74.51

Industrial soot
emissions intensity Tons/km2 - 240 3.02 3.09 0.18 22.49

Carbon dioxide
emission intensity

Thousand
tons/km2 - 240 3.38 6.03 0.04 36.62

Governance
Initiatives

Industrial output
efficiency Yuan/KWh + 240 7.82 7.18 0.75 54.58

Share of investment
in pollution control % + 240 1.47 0.74 0.30 4.24

In terms of economic growth, two secondary indicators are selected as components of
this study. GDP is an excellent indicator of the level of the economy. Similarly, GDP growth
rate is an excellent indicator of the economic growth rate. Considering the large influence
of population size on GDP [55], this paper also uses GDP growth rate per capita to exclude
this influence.

In terms of economic quality, this study selects three secondary indicators as the com-
ponents. One is the proportion of the added value of tertiary industries. The improvement
of economic quality in a region should be accompanied by the optimization of the industrial
structure, which usually refers to the decrease in the proportion of the output value of
primary and secondary industries and the increase in the proportion of tertiary industries in
China [55,56]. The second is the share of science and technology expenditure. This indicator
refers to the proportion of science and technology expenditure in the local government’s
fiscal expenditure, which reflects the degree of importance that local governments attach to
the construction of innovation development in their regions. Innovation is the driving force
of China’s high-quality economic development, the key to harmonizing environmental
and economic development [57], and the cornerstone for achieving sustainable develop-
ment [58,59]. At the same time, the R&D investment of the local government will also drive
the innovation behavior of enterprises [60] The third is the full-time equivalent of R&D
personnel, which reflects the level of effort of R&D personnel. The output of innovation
results requires a large amount of human capital, in which the degree of effort of R&D
personnel plays a key role. It can be said that abundant R&D human resources are the key
to innovation-driven transformation and high-quality economic development in the region,
and are the basis for achieving green development. Its change directly affects the evolution
of local land use transition.
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Under the influence of the environmental effect of CETS, the pilot enterprises will
force themselves to match the policy emission limit standard due to production reduction,
shutdown, leaving the polluting industry and strengthening pollution treatment. This
situation is reflected in the environmental dimension in the reduction of various types of
pollution emissions, thus promoting local green development building. On the other hand,
the pilot enterprises, in the process of innovation transformation, will try to increase the
unit energy production of their products (China is currently dominated by coal energy
consumption, so energy consumption will increase pollution emissions). At the same time,
government officials will increase the intensity of investment in pollution control based
on the local environmental quality and performance assessment. These methods will help
local enterprises and governments to control pollution emissions, which is an important
component of green development. Based on the above brief analysis, we will measure the
land use transition of the green development dimension in terms of both pollution emission
and pollution control.

In terms of pollution emission intensity, four secondary indicators are selected as
components in this study. The former three indicators are industrial waste gas, industrial
wastewater, and industrial soot, which are the most important pollutants in production, and
can effectively reflect the pollution emission from the production activities of enterprises.
The fourth one is carbon dioxide emission, which is a pollutant directly controlled by
CETS, and will undoubtedly be significantly influenced. In order to avoid the influence
of area size on pollutant emissions, this paper divides the emissions of all the above
four pollutant emissions by the land area. In addition, since the direction of the above
indicators is negative, they need to be transformed into positive indicators before they can
be applied to the entropy method. Therefore, we will actually use their inverse values in
the weighting process.

In terms of governance initiatives, two secondary indicators are selected as com-
ponents in this study. One is industrial output efficiency, and the other is the share of
investment in pollution control. The former is the ratio of the industrial output’s added
value to industrial energy consumption, which reflects the efficiency of energy use by in-
dustrial enterprises in the region. The higher the value, the higher the economic return per
unit of energy. This helps the region to move towards the right side of the environmental
Kuznets curve (EKC) [61], which is important for building a model of green development.
The latter is the ratio of pollution control investment to GDP, reflecting the importance
that local governments attach to local pollution control. Local governments in China
have strong market influence [62]. The degree of importance local governments attach
to pollution control determines the intensity of their environmental regulation policies,
which can significantly influence firms’ decisions [63,64]. Therefore, the local government’s
attention to pollution control will become an essential part of the construction of local
green development.

2.3.2. Data Source

The sample of this study comprises 30 provincial-level regions in China, and the
sample interval is 2010–2017. This is because 2013 or 2014 are the implementation points
of the CETS policy, and the carbon emission data are only updated up to 2017. Therefore,
in order to balance the interval before and after the policy point in order to construct the
Evolution indicator more effectively, the initial point of the policy is set in 2010 in this paper.
On the other hand, since 2010, the Chinese government has paid much more attention to
environmental management and promoting green, healthy, and sustainable development
than before. Therefore, using 2010 as the starting point can better control the bias due to
the context of the era.

The raw data for this study were obtained from the China Statistical Yearbook and the
China Research Database Service Platform (CNRDS). Additionally, the raw data for carbon
emissions come from the study results of Shan et al., and the China Emission Accounts and
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Datasets (CEADs) [65,66]. There are some missing data in the study, which are filled by the
moving average method in this paper.

2.4. Method
2.4.1. Entropy Method

The entropy method determines the size of the weights based on the degree of variation
of the variables between samples. The greater the degree of variation, the greater the weight
value. Therefore, the entropy method not only has the function of down-dimensioning,
but also has the feature of objective weighting. Therefore, it is also possible to derive the
trend of variation in the degree of variation of the factor indicators based on the trend of
their weights over the years. The common calculation steps of the entropy method are
as follows.

Step 1. Standardize the variables. xi,b,t is the original matrix, i is the cross-sectional
ordinal number. In this paper, i is the order number of 30 provinces and cities (0 < i ≤ n),
t is the time ordinal number (2010 ≤ t ≤ 2017), and b is the secondary indicator ordinal
number (0 < b ≤ B). Xi,b,t is for the standardized matrix.

Xi.,b,t =
xi,b,t −min

∣∣xi,b,t
∣∣

max
∣∣xi,b,t

∣∣−min
∣∣xi,b,t

∣∣ , (1)

Step 2. Calculate the information entropy (Ib,t). Ib,t is constructed by calculating the
specific gravity variable (Mi,b,t) from the normalization matrix (Xi,b,t) instead. Where n is
the total number of sample cross-sections, and in this paper, n = 30.

Ib,t = − ln (n)−1 n
∑

i=1
(Mi.,b,t) ln(Mi.,b,t)

Mi.,b,t =
Xi.,b,t

n
∑

i=1
Xi.,b,t

,
(2)

Step 3. Calculate the weight matrix (Weightb,t) according to Equation (3), where K is
the total count of secondary indicators.

Weightb,t =
1− Ib,t

K−∑ Ib,t
. (3)

Step 4. Calculate the value of land use transition (LUTi,t) composite index demanded
by this paper. According to Equation (4), the value of land use transition can be measured
for area i in period t.

LUTi,t =
B

∑
b=1

Xi,b,t ∗Weightb,t. (4)

2.4.2. Analysis Method

This study analyzes the spatio-temporal evolution of land use transition in the eco-
nomic effect dimension and environmental effect dimension with the help of the Evolution
index and a Moran scatterplot. The former can compare the numerical trends of land
use transition (LUT) indicators at different periods and reveal their spatial distribution
patterns and spillover effects through data mapping. The latter can test the former’s con-
clusion about the spillover effect and further derive information about the intensity of the
spillover effect.

First, the indicator measurement method used in this study is introduced. The purpose
of this method is to quantify the extent of changes in LU at different time points. Therefore,
we constructed Equation (5).

Evolutionpre = LUTin − LUTpre
Evolutiona f ter = LUTa f ter − LUTin

(5)
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in which Evolution measures the degree of change in LU for both stages. It is worth
mentioning that, in order to more effectively assess the impact of the CETS policy on land
use transition, we need to obtain an average estimate as much as possible. Moreover,
because the CETS policy could have been initiated in 2013 [67] or 2014 [68], this study
divides the sample interval into three time periods, i.e., before 2013–2014, 2013–2014,
and after 2013–2014. The three represent the time periods before, during, and after the
implementation of CETS, which are denoted by the subscripts “pre”, “in”, and “after”,
respectively. Thus, Evolutionpre reflects the difference between the CETS implementation
process and the pre-implementation process, referred to as the “first stage”, whereas
Evolutionafter reflects the difference between the CETS implementation process and the
post-implementation process, referred to as the “second stage”. The calculation process of
LUpre, LUin and LUafter is shown in Equation (6).

LUTpre =
2012
∑
t

LUTi/(2012− t + 1), i f t ≤ 2012

LUTin = (LUT2013 + LUT2014)/2

LUTa f ter =
N
∑
t

LUTt/(N − i + 1), i f t ≥ 2015

, (6)

where t is the year, and N is the sample deadline year.
Next, the Moran scatterplot is introduced. The Moran scatterplot is a method for

estimating the local spatial autocorrelation of variables. It can judge the spatial auto-
correlation characteristics of each sample if two samples belong to the first quadrant of
cartesian coordinates, if they belong to high-value and high-value (H-H) agglomeration,
and if there is a positive spillover effect. If two samples belong to low-value and low-value
(L-L) agglomeration, they are considered to belong to the third quadrant. Although the
statistic is negative at this point, there is still a positive spillover effect between the two
areas with negative values. Similarly, the second quadrant is the L-H agglomeration, and
the fourth quadrant is the H-L agglomeration, both of which produce negative spillover
effects. It is worth mentioning that we can determine the strength of the spillover effect by
the difference between the absolute value of the x-coordinate value and the absolute value
of the y-coordinate value of the sample statistics in the Moran scatterplot. The greater the
absolute value of the y-coordinate value is compared to the x-coordinate value, the stronger
the spillover effect. Conversely, when the spillover effect is weaker, Equation (7) describes
how to calculate the x and y coordinate values in the Moran scatterplot.

X′i,t = Zi,t = Evolutioni,t − Evolutiont

Y′i,t =
n
∑
j 6=i

WijZj,t

in which, Zj,t = Evolutionj,t − Evolutiont

(7)

where both i and j are the serial numbers of the regions. X’i,t denotes the corresponding
x-value of the Evolution indicator in the Moran scatterplot for region i in year t. Y’i,t denotes
the corresponding y-value. Wij denotes the spatial weight matrix.

The meaning of each symbol is the same as above. In addition, when IL > 0, there
are H-H or L-L agglomeration characteristics in adjacent areas; when IL < 0, there are L-H
or H-L agglomeration characteristics in adjacent areas; when IL = 0, there are no local
agglomeration characteristics in adjacent areas.

2.4.3. Design of the Spatial Weight Matrix

Tobler’s First Law of Geography pointed out that “everything is related to everything
else, but near things are more related to each other” [53]. This implies that we cannot ignore
the importance of spatial geographic information. The spatial weight matrix is precisely the
tool to quantify spatial geographic information, which is the basis of spatial econometrics.
In this study, the first-order contiguity matrix is used for the local spatial autocorrelation
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test to analyze the clustering of Evolution indicators in the provincial regions of China. In
this paper, the first-order contiguity matrix is constructed based on the scheme of queen
contiguity (Equation (8)). That is, if there is a common fixed point or boundary between
two regions (Figure 4 is the diagram), they are considered to be adjacent; conversely, they
are not adjacent. This implies that the scope of the spillover effect emphasized by the
first-order contiguity matrix is limited [57].

Wij =

{
1, i and j are queen contiguity, and i 6= j
0, otherwise

. (8)
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3. Results
3.1. Results of the Entropy Method

With the help of the Matlab R2016a software, this study measured the score values of
land use transition in the economic and green development dimensions separately using
the entropy method. Figure 5 shows the trend of weight changes of the secondary indicators
(Table 1 for details) that consist of these two land use transition indicators over the period
2010–2017, where Figure 5a shows the economic dimension and Figure 5b shows the green
development dimension. The entropy method not only helps this study to quantify the
land use transition indicators more objectively, but also enables additional information to
be obtained. Based on the trend of weight changes of the secondary indicators, we can
determine which secondary indicators are more important (accounting for a larger weight)
and which secondary indicators are more influenced (with a larger weight change).

In Figure 5a, GDP refers to GDP growth rate; per capita GDP refers to the GDP per
capita growth rate; tertiary GDP refers to the share of tertiary industry value added in
the GDP; S&T expenditure refers to the share of science and technology expenditure in
the general fiscal budget; and R&D personnel refers to the full-time equivalent of R&D
personnel. The results show that the weights corresponding to GDP and per capita GDP are
the smallest, hovering roughly between 5% and 10%. The weights corresponding to tertiary
GDP and S&T expenditure show a more consistent variation, and the former level is lower
than the latter. The weights corresponding to R&D personnel fluctuate most significantly,
showing a more stable high and low oscillation. Finally, from an overall perspective, none
of the secondary indicators show a significant upward or downward trend in their weights
during 2010–2017. This indirectly indicates that the sensitivity of these indicators to the
impact of CETS is more consistent.
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In Figure 5b, waste gas, wastewater, waste residue and CO2 refer to the inverse of
industrial waste gas, wastewater, soot and CO2 emissions, respectively. Output efficiency
refers to the industrial value added per unit of industrial energy consumption; pollution
control refers to the share of investment in environmental management in GDP. The results
show that pollution control and output efficiency correspond to the smallest weights, but
both show an increasing trend since 2013, indicating a significant increase in the degree of
variation of industrial output efficiency and pollution control investment weight between
samples during this period. For pollutant emissions, the weight changes of wastewater and
waste residue are consistent, whereas the changes of waste gas and CO2 are also consistent
after 2013. The trend of “decreasing and then stabilizing” for both of them indicates that
the variation of CO2 emissions and industrial waste gas emissions between samples has
been decreasing after 2013, which indirectly reflects the phenomenon of emission reduction
in some high emission areas. Of course, this may also be due to the significant increase
in emissions in most low-emission regions. However, considering the background of
decreasing total emissions of CO2 and SO2 (the main component of industrial emissions)
in China, we believe that this should be due to the emission reduction phenomenon.

3.2. Spatio-Temporal Evolution Analysis of Land Use Transition
3.2.1. The Economic Effects of CETS on Land Use Transition

To analyze the changes in land use transition at the economic dimension in 30 provin-
cial areas in China before and after the implementation of CETS, we plotted Figure 6
based on the sign direction and value magnitude of the indicators, Evolution_Ecopre and
Evolution_Ecoafter. Figure 6a reflects the change in land use transition at the economic
level before (2010–2012) and during (2013–2014) CETS implementation. On the other
hand, Figure 6b reflects this change in CETS implementation (2013–2014) versus post-
implementation (2015–2017) in which optimized areas means that the land use transition
has been optimized at the economic level during that time period. In addition, we have
highlighted the top six areas with the highest degree of optimization (numerical improve-
ment). The areas marked in red in the figure are the six CETS provincial pilot areas. All
areas are marked with abbreviations. Please refer to Table A1 in the Appendix A for the
full names.
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between the CETS post-implementation and implementation process.

Figure 6a shows that during the implementation of the policy, there is a significant
change in land use transition at the economic level in each province of China, and this
change is characterized by spatial clustering (centered on the pilot areas, below). Optimized
areas are mainly located in the major urban agglomerations and their radius. Specifically,
the Beijing–Tianjin–Hebei urban agglomeration (centered on BJ and TJ), the Yangtze River
Delta urban agglomeration (centered on SH), and the Pearl River Delta urban agglomeration
(centered on GD) are three of the most important urban agglomerations in China. On the
other hand, BJ and CQ, as pilot areas, are non-optimized areas, which indicates that the
implementation of the CETS policy has not optimized their land use transition at the
economic dimension. This also reflects the spatial spillover effect of CETS on land use
transition at this stage. However, we find that the impact of the six pilot provinces on their
neighboring areas is negative, i.e., if the pilot areas are optimized, their neighboring areas
tend not to be optimized.

Figure 6b shows that the land use transition at the economic dimension in Chinese
provinces also changed significantly in the years after the policy was implemented. The
spatial distribution pattern of optimized areas in Figure 6b is distinctly different from that in
Figure 6a. Although the optimized areas are still dominated by three major urban agglom-
erations, only the Yangtze River Delta urban agglomeration (centered on SH) belongs to the
optimized areas as a whole. In contrast, in the Beijing–Tianjin–Hebei urban agglomeration
(centered on BJ and TJ) and the Pearl River Delta urban agglomeration (centered on GD),
most of the neighboring provinces in the central region belong to non-optimized areas,
which is very different from the distribution pattern in Figure 6a. Moreover, in contrast to
the scattered distribution of optimized areas in Figure 6a, the optimized areas in Figure 6b
are clearly concentrated in the southeast coastal part of China. On the other hand, CQ and
HUB, as pilot areas, are non-optimized areas at this stage, which indicates that their land
use transition is not optimized at the economic dimension under the continuous influence
of CETS, and BJ, TJ and GD are in the top six. Except for SH, the neighboring provinces of
the other five pilot regions tend to belong to non-optimized areas.

In conclusion, from a time-series perspective, CETS affects land use transition in the
pilot areas at the economic dimension both during and after implementation. This impact
is positive overall. From the spatial distribution perspective, the optimized areas do not
show a stable distribution pattern, but change from a scattered distribution in Figure 6a to
a “southeastern agglomeration” in Figure 5b.
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3.2.2. The Environmental Effects of CETS on Land Use Transition

As above, we plot Figure 7 based on the sign direction and value magnitude of the
indicators, Evolution_Envpre and Evolution_Envafter. Figure 6 reflects the change in land use
transition at the green development dimension. Figure 7a reflects this change in land use
transition at the green development dimension before CETS implementation (2010–2012)
versus during (2013–2014), whereas Figure 7b reflects this change in land use transition at
the green development dimension during CETS implementation (2013–2014) versus after
(2015–2017). The signs in the figures and their meanings are the same as above.
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Figure 7. Spatio-temporal evolution of land use transition at the green development dimension.
(a) Differences between the CETS implementation process and before implementation; (b) differences
between the CETS post-implementation and implementation process.

Figure 7a shows that, during the implementation of CETS, the overall land use tran-
sition of Chinese provinces did not show significant changes at the green development
dimension, and there are no obvious spatial clustering characteristics (centered on the pilot
areas, the same below). Among the six pilot areas, the rest of the areas did not change
significantly under the influence of CETS at this stage, and only BJ belongs to optimized
areas and ranks in the top six. In addition, non-optimized areas can be found to be mainly
distributed in the eastern and central regions of China.

Figure 7b shows that in the years after the implementation of CETS, the land use transi-
tion of each province has changed significantly at the dimension of green development, and
there are spatial clustering characteristics. Optimized areas are mainly located in the major
urban agglomerations and their radiation areas. Specifically, the four urban agglomerations
are Beijing–Tianjin–Hebei (centered on BJ and TJ), the Yangtze River Delta (centered on
SH), the Pearl River Delta (centered on GD), and Chengdu–Chongqing (centered on SC and
CQ). Moreover, it can be noted that all pilot areas are optimized areas and BJ, SH, HUB and
CQ are in the top six optimization levels. This indicates that CETS continues to influence
the green development of the pilot areas. On the other hand, it can be found that except for
BJ and TJ in the Beijing–Tianjin–Hebei urban agglomeration, which have negative spillover
effects on neighboring provinces, the rest of the pilot areas have positive spillover effects
on neighboring provinces in general. In addition, the optimized areas in Figure 7b are
concentrated in eastern and southern China with a clear distribution pattern.

From a time-period perspective, the impacts of CETS on land use transition are distinct
in the two stages illustrated in Figure 6. In the first stage (exhibited in Figure 7a), the CETS
implementation process cannot have a significant impact on land use transition from the
green development dimension. In contrast, in the second stage (exhibited in Figure 7b),
all six pilot areas are optimized areas, and four of them are in the top six in terms of
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optimization. This indicates that the land use transition of the pilot areas was optimized at
the green development dimension during the continuous period after the implementation
of CETS. In terms of spatial distribution, the optimized areas in the second stage show a
clear “eastern and southern clustering” feature.

3.3. Test of Spatial Spillover Effects

To further verify the credibility of the results in Figures 6 and 7, a Moran scatterplot is
used in this section to determine the spatial clustering characteristics and their spillover
effects presented by the six pilot areas in the previous paper at two stages. A Moran
scatterplot can better determine the local spatial autocorrelation of the pilot regions. In
this study, a Moran scatterplot (Figures 8 and 9) was drawn using the first-order adjacency
spatial weight matrix and the four Evolution indicators constructed in Section 2.3.1. These
plots can better reflect the spatial influence of the CETS pilot area on its neighboring areas.
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3.3.1. Test for Spillover Effects from the Economic Effects of CETS

Figure 8a shows that the negative values of Evolution_Ecopre for BJ and CQ indicate
that they are not optimized. The positive values of Evolution_Ecopre for TJ, SH, HUB and
GD indicate that they are optimized. Among them, TJ and SH are in the first quadrant
(H-H), indicating that they have positive spillover effects. On the other hand, GD and HUB
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are in the fourth quadrant (H-L), indicating that they produce negative spillover effects,
but to a lesser extent. This is more consistent with the results in Section 3.2.1, indicating
that the previous results pass the test and are robust.

Figure 8b shows that the Evolution_Ecopost of HUB and CQ are negative, indicating that
they are not optimized in this stage. The Evolution_Ecopost of BJ, TJ, SH and GD are positive.
Among them, BJ, TJ and SH are in the first quadrant (H-H), indicating that they produce
positive spillover effects. GD is in the fourth quadrant (H-L), indicating that they have
negative spillover effects, but to a lesser extent. This is more consistent with the results in
Section 3.2.1, indicating that the previous results pass the test and are robust.

Therefore, the results of this paper in Section 3.2.1 are robust. Meanwhile, the extent
of spillover effects generated by the remaining pilot regions is smaller, except for BJ in the
first stage and SH in the second stage. The CQ region is not affected by the economic effects
of CETS in both stages.

3.3.2. Test for Spillover Effects from the Environmental Effects of CETS

In Figure 9a, only BJ has a positive value of the Evolution_Envpre, indicating that the
green development dimension of land use transition in BJ is optimized. However, BJ is in
the fourth quadrant (H-L), reflecting its negative spillover effect on neighboring provinces,
but not to a great extent. This is more consistent with the results in Section 3.2.2, indicating
that the previous results pass the test and are robust.

In Figure 9b, Evolution_Envpost is positive for all the pilot regions, indicating that the
green development dimension of land use transition in the pilot regions is significantly
optimized at this stage. Among them, GD, CQ, SH and TJ are in the first quadrant (H-H),
reflecting their positive spillover effects on neighboring provinces, and to a larger extent
(especially TJ). BJ and HUB are in the fourth quadrant (H-L), reflecting a negative spillover
effect on neighboring provinces, but to a lesser extent. This is consistent with the results in
Section 3.2.2, indicating that the previous results pass the test and are robust.

Therefore, the results of this paper in Section 3.2.2 are robust. Moreover, it can be
found that BJ, which exhibited negative spillover effects in the first stage, produced positive
spillover effects in the second stage.

4. Discussion and Policy Inspiration
4.1. Discussion on Hypothesis 1

Figure 5a shows that the secondary indicator of land use transition in terms of eco-
nomic growth has a small weighting, with the highest weighting summing to less than 20%.
This suggests that the change in land use transition originates mainly at the qualitative
level of the economy and reflects the changes made by the pilot companies to cater to the
CETS and that this behavior has not significantly affected the total local output.

From the results of Section 3, hypothesis 1a of this study holds true, i.e., the economic
effect generated by CETS optimizes land use transition in the pilot areas in an economic
dimension. In terms of the entire study interval, only CQ was not significantly optimized,
while the rest of the areas were optimized by CETS at different stages. Specifically, in the
first phase (2010–2014), TJ, SH, HUB and GD were all optimized in the economic dimension,
whereas BJ and CQ were not. In the second phase (2013–2017), however, BJ became the
optimized area and HUB became the non-optimized area. In short, SH, TJ and GD were
optimized throughout, and the optimization was fast and immediate. However, BJ and
HUB were only optimized at one stage, with the former being optimized during the second
stage and the latter during the first. This reflects the fact that different pilot areas are
affected by CETS in different ways due to their specificity. This is particularly true for the
speed at which the optimization effect takes effect. Therefore, hypothesis 1b of this study
holds true.

We develop the following analysis of the spillover effects in the pilot areas. In the
first stage, we cannot draw clear conclusions from Figure 6a, but according to the Moran
scatterplot of Figure 8a, we can find that TJ and SH are located in the first quadrant,
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generating a positive spillover effect, i.e., the land use transition in the region is optimized
and the land use transition in the neighboring areas is also optimized. GD and HUB are
located in the fourth quadrant and have a negative spillover effect. No spillover effects
were observed in the remaining areas. In the second stage, combining the Moran scatterplot
of Figures 6b and 8b, we can find that SH, BJ and TJ are in the first quadrant and have
a positive spillover effect. GD is in quadrant 4 and has a negative spillover effect on
neighboring provinces. Thus, overall, hypothesis 1c holds.

In the context of reality, we discuss some special cases in the conclusions of this
paragraph: (1) BJ, as the political center of China, is supposed to be very sensitive to policy,
but has not been optimized in the first phase. This is most likely due to its own high
economic level (LUpre and LUin values in the top 10%) and the bottleneck in its promotion.
(2) CQ was not significantly optimized in either phase, probably because it is the number
one electronics and information industry cluster in China and this industry is a major part
of its economic output and is not susceptible to the CETS, so land use transition in CQ did
not change significantly under the economic effects of the CETS. (3) In the second stage, in
addition to BJ and TJ, positive spillover effects were generated in SH, but negative spillover
effects were generated in GD. This is because SH is the financial center of China, with
fewer polluting industries per se and its output as a share of GDP is limited. In contrast,
the tertiary sector, led by the financial sector, accounts for 60–70% of GDP, so SH, under
the influence of CETS, not only does not cause negative spillover effects (e.g., the “siphon
effect”) to neighboring regions, but also provides them with richer financial services and
promotes their economic optimization. In contrast, the secondary sector in GD, which
accounts for about 50% of the GDP, is more affected by the CETS, and GD may siphon off
more capital to improve its innovation capacity in order to meet the CETS, dragging down
the innovation development of neighboring regions. Thus, this creates a negative spillover
effect on neighboring regions.

4.2. Discussion on Hypothesis 2

Figure 5b shows that the secondary indicator of land use transition in terms of gover-
nance initiatives has a small weighting, with the highest weighting summing up to nearly
30%. This indicates that the change in land use transition is mainly at the level of pollution
emissions and reflects that the pilot companies are indeed fulfilling their emission reduction
directives. Certainly, industrial output efficiency shows a slow upward trend after 2013,
suggesting that one of the results of the feedback from companies as CETS is implemented
is an increase in economic output per unit of energy consumed.

From the results of Section 3, hypothesis 2a of this study holds true, i.e., the environ-
mental effects generated by CETS optimize the land use transition of the pilot areas in terms
of the green development dimension. In the first phase, only BJ belongs to the optimized
area, which may be due to the time lag of the pilot companies in changing their business
strategies, mobilizing capital, developing innovations, etc. BJ, on the other hand, as the
political center of China, is the most responsive and sensitive to policy. In the second phase,
all the pilot areas are optimized areas. Based on this, we can assume that hypothesis 2b is
valid. That is, there is a lag in the environmental effects of CETS on land use transition. At
the same time, this lag will be changed by the specificity of the pilot areas themselves.

The analysis of spillover effects in the pilot areas is developed as follows. In the first
stage, Figure 7a clearly demonstrates that BJ has a negative spillover effect on neighboring
provinces. This finding is also tested by the Moran scatterplot in Figure 9a. In the second
stage, spillover effects were generated in all pilot areas. Among them, the spillover effect
is negative for BJ and HUB and positive for the rest of the regions. Moreover, it can be
noted that the values of TJ and the x-axis are significantly larger than those of the y-axis,
which indicates a higher degree of positive spillover effects. Based on this, hypothesis 2c
is valid in the overall context. However, the sign of the spillover effect depends on the
actual situation.
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In the context of reality, we discuss some special cases in the conclusions of this
paragraph: (1) we find that BJ has continuously transferred a large number of polluting
industries to the neighboring province HEB between 2013 and 2017, which explains why
only BJ was subject to the optimizing effect of CETS in the first stage and why its spillover
effect was negative. (2) In the second stage, TJ, SH, CQ and GD are all located in the first
quadrant of the Moran scatterplot, indicating that they generate positive spillover effects.
SH, as the financial center of China, has a well-developed tertiary industry, and it is not
difficult to achieve pollution reduction. GD’s secondary sector, although well developed,
has a “siphoning effect” (from Section 4.1) on the capital of neighboring provinces, which
can also help companies to innovate and transform more quickly. The case of CQ is similar
to that of GD, with the largest spillover effect in TJ, probably due to the continued transfer
of polluting industries from its neighbor BJ to HUB. At the same time, TJ is a region with a
predominantly tertiary industry and a secondary industry that is mostly low-polluting and
high-tech, and therefore does not have an impact on HEB similar to that of BJ.

4.3. Policy Implication

To summarize this paper, we have reached the following conclusions: Firstly, CETS
can optimize land use transition in the pilot areas through economic and environmental
effects. However, the effective period of this optimization varies. On the whole, the
optimization effect of the economic effect takes effect quickly, while the optimization effect
of the environmental effect takes effect slowly. Secondly, there is a spatial spillover effect on
the optimization of land use transition by CETS. Moreover, the sign of the spillover effect
from both the economic and environmental effects of CETS is not consistent but is related
to the industrial structure and development plan of the pilot areas.

Based on the previous analysis and discussion, the following policy implication is
obtained from this study: firstly, the implementation of the CETS policy has been relatively
successful and is one of the milestones on the road to sustainable development in China.
However, the CETS also has many shortcomings that need to be improved. One of the
most important issues is that the CETS has not been well tailored to the actual situation
in the pilot areas in order to achieve the consistency of policy impact. As a pilot policy,
the CETS is bound to evolve into a national policy on carbon emissions reduction, and
policies that are not well tailored to local realities will pose many problems, given that
the roots of China’s different regions (economic, cultural, environmental, etc.) are very
different. Secondly, CETS has not only stimulated innovative R&D behavior of the pilot
enterprises, but has also improved the efficiency of industrial output and reduced emissions.
Therefore, the central government and local governments should further remove barriers for
enterprises to engage in green innovation. For example, they should promote and improve
the development of industry–academia–research integration and provide special funding.
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Appendix A

Table A1. Abbreviations of Chinese provincial regions and their corresponding full names.

Abbreviations Full Name Abbreviations Full Name

AH Anhui Province JX Jiangxi Province
BJ Beijing City LN Liaoning Province

CQ Chongqing City NMG Inner Mongolia
Autonomous Region

FJ Fujian Province NX Ningxia Hui Autonomous Region
GD Guangdong Province QH Qinghai Province
GS Gansu Province SC Sichuan Province
GX Guangxi Province SD Shandong Province
GZ Guizhou Province SH Shanghai City

HEB Hebei Province SHX Shaanxi Province
HEN Henan Province SX Shanxi Province
HLJ Heilongjiang Province TJ Tianjin Province
HN Hainan Province TW Taiwan Province

HUB Hubei Province XJ Xinjiang Uygur
Autonomous Region

HUN Hunan Province XZ Tibet Autonomous Region
JL Jilin Province YN Yunnan Province
JS Jiangsu Province ZJ Zhejiang Province
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