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Abstract: Construction waste management is crucial to the sustainable development of the con-
struction industry and environmental management, and China has the highest construction waste
emission in the world, making it typical and representative globally. In this paper, we conducted
an empirical study on the relationship between the change in construction waste and economic
growth at the provincial level in China from 2009 to 2018 based on a decoupling model and spatial
analysis methods, and we reached the findings as follows. (1) Most provinces in China are still
in the stage of continuous growth of construction waste emissions, and about 30% have reached
the peak (inverted U-shaped), prominently characterized by inter-provincial spatial heterogeneity
and agglomeration. (2) The decoupling types between inter-provincial construction waste and con-
struction economic growth in China are dominated by weak decoupling, expansive coupling, and
recessive decoupling, and they are changing in general with positive signs but in a more diversified
and complex trend. (3) Based on the analysis results, this paper classifies China into three types of
policy zones, namely transformation, adjustment, and stabilization, and proposes differentiated and
targeted recommendations to provide an important decision basis for the design of construction
waste management policies in China and similar countries and to help achieve a “zero waste society”
in early global development.

Keywords: construction waste; waste management; decoupling model; spatial analysis; China

1. Introduction
1.1. Background

As a major obstacle in promoting a “Zero Waste World” and ecological civilization, the
issue of construction waste management and its recycling has become a key area of concern
for governments, scholars, and the public [1,2]. With the rapid pace of urbanization and
industrialization, the production of construction waste is also growing at a high rate and has
become a major environmental problem that restricts the sustainable development of cities
and villages around the world, making the implementation of targeted and appropriate
policies and actions for construction waste management an urgent need [3,4].

According to What a Waste 2.0 released by the World Bank in 2018, China is the country
with the largest emission of construction and democracy waste in the world, and the United
States ranks second. China is nearly three times that of the United States, which is more than
the sum of the countries ranked second to sixth. According to the 2018 Annual Development
Report of Construction Waste Disposal Industry, China has a large stock of construction waste
with fast growth, and its treatment methods are mostly extensive and backward, resulting
in the overall recovery of construction waste less than 10% (the proportion of the amount
of reused construction waste to the total of construction waste). Construction waste can be
turned into something of value after being cleaned, sorted, and reprocessed. For example,
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metallic materials such as steel, copper, and iron can be reused directly or by melting down,
used bricks and tiles can be reprocessed to produce reclaimed bricks and concrete, and
waste wood can be treated as raw materials for papermaking. The stacking and disposal of
construction waste occupies land, wastes resources, and brings environmental pollution.
About 2/3 of Chinese cities face the dilemma of “garbage siege” [5,6].

The construction waste in China has been a major challenge, limiting its sustainable
economic development as well as its ecological and environmental management perfor-
mance due to its rapid growth and large scale. In addition, China is similar to the rest of the
world in terms of the change and disposal of construction waste. Therefore, an empirical
study of the Chinese case will help reveal the global construction waste change and provide
a basis for the development of construction waste management policies in countries around
the world. In summary, China is typical and representative globally. It is of great theoretical
value and practical significance to analyze the trends of construction waste in China in time
and space dimensions, identify the connection between construction waste changes and
construction economy growth and its evolutionary characteristics, providing a basis for
decision making in construction waste management [7].

1.2. Literature Review
1.2.1. Construction Waste Management

With the acceleration of urbanization and industrialization, the production, treatment,
and emissions of construction waste are growing rapidly, and promoting and realizing
the reduction and resourceization of construction waste has become a major challenge for
governments at all levels and an emerging research topic in environmental science, eco-
nomics, and architecture [8]. To acquire the data on the current production and emissions
of construction waste is the first step to implement effective management; however, the lack
of official statistics has induced a considerable amount of literature to place the focus on
quantitative estimation studies [9]. Estimation of construction waste generation includes
construction waste generated from design [10], construction [11], demolition [12,13], and
the full life cycle [14] in terms of stages, including construction waste generated from resi-
dential buildings [15,16], non-residential buildings [17], and underground buildings [18]
in terms of type, and including construction waste generated from different materials
including concrete and drywall waste streams [19,20] in terms of materials. Li [21] devel-
oped the construction waste estimation system for construction projects, and Bakchan [22]
developed the automatic quantification and management system for construction waste.
The differences in calculation methods, spatial scales, and data calibers lead to significantly
different construction waste estimation results, so it is necessary to use publicly available
and widely accepted estimation data when conducting the study and compare the analysis
results with existing papers to discover conclusions with higher credibility and precision
through corroboration and discussion.

As for research methodology, most papers are based on traditional analytical ap-
proaches, including exploratory factor analysis and hierarchical analysis [23], structural
equations [24,25], least squares [26], life cycle [27,28], system dynamics [29,30], Bayesian
networks [31], long-term and short-term memory networks [32], deep convolutional neural
networks [33], behavioral extension theory [34], fuzzy set theory [35,36], and enterprise
survey methods [37]. Research on the application of new technologies and methods has
been increasing in recent years, including big data [38,39], machine learning [40,41], BIM
technology [42], and intelligent agent technology [43]. These methods are applied to the
estimation of construction waste generation and emissions, analysis of influencing factors,
and evaluation of management performance; however, they are too complex, weak in direct
correlation with policies, difficult in practical application of construction waste manage-
ment, and insufficiently supportive of policy design for sustainable development of the
construction industry.

As for research scales, most of the papers focus on the studies of countries, includ-
ing UAE [44], Saudi Arabia [45], Canada [46], Thailand [47,48], Spain [49], Turkey [50],
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Brazil [51,52], and Malaysia [53,54]. Some papers also bring attention to the studies of
cities, such as Hong Kong [55,56] and Shenzhen [57-59]. The changing patterns of con-
struction waste and its management strategies at different spatial scales exhibit significant
differences and achieving efficient management of construction waste requires not only
the top-level design of the central government but also the improvement of the pertinence
and appropriateness of local policies. The existing papers mainly focus on macro-scale
(national), while empirical studies at the meso-micro-scale, such as provinces and cities, are
very insufficient, thus limiting the application of relevant findings in construction waste
management practices [60].

1.2.2. Decoupling Model Application

Decoupling models are widely used to analyze the decoupling between economic
growth and resource use [61,62], energy consumption [63,64], greenhouse gas emissions [65],
and land use [66,67]. The study of waste management performance and environmental
policy effectiveness based on decoupling models has become an emerging research field in
recent years. For example, Chen [68] assessed the sustainability of municipal solid waste
management in China based on the decoupling model, and Pu [69] further analyzed the
drivers of changes in the decoupling between solid waste production and economic growth.
Wang [70] analyzed the decoupling state of municipal solid waste production and economic
development in China using Tapio and EKC models. Ichinose [71] analyzed the connection
between municipal solid waste production and income using the decoupling model and
concluded that JPY 3.7 million was a significant turning point. Swart [72] tested whether
waste recycling meets the EKC model and analyzed the management alternatives of waste
recycling and decoupling under an economy of scale. Tsiamis [73] argued that municipal
solid waste production rates increase with personal consumption expenditures and that the
increased use of plastics is a significant contributing factor to the decoupling. Jaligot [74]
analyzed the decoupling between municipal solid waste production and economic growth
by testing the effects of income, urbanization, and policy implementation factors on waste
in the canton of Vaud, Switzerland, based on the EKC hypothesis. Wu [75] discussed the
decoupling between industrial emissions and industrial value added and its influencing
factors using the Tapio decoupling model, social network analysis method, and logit model,
and found a strong decoupling between sulfur dioxide, nitrogen oxides, soot, and industrial
value added in most provinces. Sjostrom [76] conducted a case study of the decoupling
between solid waste production and economic growth in Sweden and compared the waste
intensity outcomes in a “Decoupling scenario” and a “Baseline scenario” of the Swedish
economy 2006-2030 to illustrate the strength of the policy measures needed to attain this
target. Madden [77] argued that municipal waste production and average income in New
South Wales are in a relative rather than absolute decoupling state. Madden further pointed
out that there are regional differences in the decoupling of waste production from income
in Australia and that geographical characteristics and changes in provincial characteristics
must be taken into account in decoupling analysis and policy development.

In general, the on-hand papers have tested simultaneous changes between waste
production (emissions) and economic growth with a focus on municipal solid waste,
domestic waste, and recycling waste using the decoupling model, thus providing an
important basis for decision making for national, regional, and urban policies. However,
they have paid little attention to construction waste, and no paper has yet analyzed the
decoupling between construction waste change and economic growth and its evolutionary
trends [78]. Therefore, it is of great theoretical significance and practical value to study
the decoupling state between construction waste change and economic growth to reveal
the evolutionary law and development trend of the relationship between the two using
the decoupling model and provide a basis for decision making on construction waste
management and sustainable economic development, in the context of building “waste-free
cities” and “waste-free societies”.
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1.3. Aim and Question

Construction waste emissions are huge in China, and they are still in continuous
growth, which has become a complex environmental problem that the government must
face and solve. Besides, there are huge differences between regions in China, with signifi-
cant variation in the scale, intensity, changing trends, influencing factors, pressure to reduce
emissions, and policies of construction waste emissions between provinces. The Chinese
central and local governments have introduced a series of construction waste management
policies in recent years, but their implementation has not achieved the desired result due to
many factors such as policy precision, game of interest subjects, and the executive power
of the actor, so there is an urgent need to find a new set of tools that can provide a basis
for the design and dynamic adjustment of construction waste management policies [79].
To this end, we conduct the empirical study in this paper on 31 Chinese provinces during
2009-2018 using the decoupling model and GIS spatial analysis methods. This paper
focuses on the following issues: (1) What are the regular changes in provincial construction
waste in China in time and space dimensions? (2) What is the type of decoupling between
the change in construction waste and the growth of construction economy (gross output
value, value added, profit) in provinces of China? (3) What are the trends in the evolution of
the decoupling between changes in construction waste and economic growth in provinces
of China, and how to cope with them in policy design? This paper attempts to analyze
the spatial and temporal evolution of the connection between changes in construction
waste and economic benefits in China by examining the above issues, providing a basis
for the government to scientifically formulate and dynamically adjust construction waste
management policies, thus making the policies more effective and practical [80].

2. Materials and Methods
2.1. Study Area: China

The study area of this paper is mainland China, covering 31 provinces, autonomous
regions, and municipalities directly under the central government, but excluding Taiwan,
Hong Kong, and Macao (Figure 1) with consideration of data accessibility, completeness,
and comparability, as well as the difficulty of data acquisition due to the fact that the
statistical calibers are different between Hong Kong, Macau, Taiwan, and mainland China.
According to the trend of the construction waste change 2009-2018 in China, it is divided
into two periods of rapid growth and steady development, with the former having an
average annual growth up to 18%, while that of the latter decreasing to about 2.54%
(Figure 2).

The Chinese government has long attached importance to construction waste man-
agement and has promulgated a series of construction waste management policies. From
the perspective of the central government policy, the implementation of the Regulations
on the Management of Urban Construction Waste in 2005 marked the independence of the
construction waste from the municipal solid waste and the development of circular econ-
omy in management. The Technical Specification for Construction Waste Disposal, brought into
force in 2009, standardizes the planning, design, and management of construction waste
collection, transportation, transfer, utilization, backfill, and landfill at the national level.
The Ministry of Housing and Urban-Rural Development issued a Notice on the Pilot Work
of Construction Waste Management in 2018 to carry out pilot work of construction waste
management in 35 cities, including Beijing, Shanghai, Guangzhou, Shenzhen, Chongqing,
Nanning, and Yangzhou.

To strengthen the whole process management of construction waste and improve the
quality of urban development, the Ministry of Housing and Urban-Rural Development
issued the Guiding Opinions on Promoting the Reduction of Construction Waste, the
Guiding Manual on the Reduction of Construction Waste on Construction Sites, and the
Notice on Carrying out Special Remediation Actions of Construction Waste. In the same
period, Beijing, Guangzhou, Shanghai, Xi’an, as well as provinces and autonomous regions
such as Jiangsu, Henan, Qinghai, Guangxi, Shandong, and Gansu also developed local
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laws and regulations for construction waste disposal. These policies have pointed out the
direction for the transformation and development of the construction industry in China
from high waste to low waste and zero waste and have also laid the foundation for China
to build a zero-waste society and a “zero-waste city”.
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Figure 2. Analysis on the change of construction waste in the study area.

2.2. Research Methods: Decoupling Model

There are two methods on decoupling model calculation at present, that is, OECD [81]
and Tapio [82]. Tapio decoupling index calculation method is adopted in this paper. De-
signed with an elastic coefficient, this method addresses the shortcomings of the OECD
model in terms of uncertainty in the analysis results and poor guidance for practical appli-
cation [83,84]. Decoupling refers to the breakdown of the synergistic relationship between
economic growth and environmental change. This paper analyzes the connection between
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construction waste change and construction economic growth based on the decoupling
model, to determine whether there is a correlation between the two with synchronous or
asynchronous changes. With Z as the decoupling index, Ax as the average annual growth
of construction waste in provinces of China, CW; and CW;, as the values of construction
waste emissions in years i and i + 1, Ay as the average annual growth of economic indica-
tors of the construction industry (including gross output value and profit of construction
industry), CI; and Cl;, as the annual values of economic output indicators in years i
and i + n, and n as the study time period, the decoupling index between the change in
construction waste and the economic growth of the construction industry is calculated as:

Z—g
_Ay

CW;
Ax = I 1+n 2
x =y W, 2)
CI;
Ay = I 1+n
v=1{l—7¢ 7 (©)

The concept of “decoupling” emphasizes the long-term trending process. Based on the
relevant research experience [85,86] and the length of the time series of the research data
in this paper, n = 5 in this paper, and the research period is divided into two time periods
of 2009-2014 and 2015-2018. Based on the positive and negative results of Ax and Ay, the
decoupling is divided into 3 types and 8 sub-types with 0.8 and 1.2 as the classification
thresholds for z (Table 1) [87,88]. The introduction of 8 sub-types for analysis is suitable for
local policy design for it guarantees a high degree of judgment accuracy and data sensitivity,
which helps to enrich the detailed policy content; the introduction of 3 types for analysis is
suitable for national policy design as it offers a low degree of judgment accuracy and data
sensitivity, which helps to improve the inclusiveness of policy content. The comparative
analysis of the 3 types and 8 sub-types of decoupling in Sections 3.2 and 3.3 leads to both
rigidity and flexibility in policy design and leads to an overall increase in policy universality
and flexibility. It should be noted that decoupling is a prerequisite for low and zero-waste
development, and negative decoupling indicates that the construction industry is still in a
high-waste development stage.

)

Table 1. Decoupling type and decoupling indicator range.

Decoupling Type Ax Ay z
Strong <0 >0 <0
Decoupling Weak >0 >0 (0,0.8]
Recessive <0 <0 (1.2, +00)
Expansive >0 >0 (0.8,1.2]
Coupling
Recessive <0 <0 (0.8,1.2]
Strong >0 <0 <0
Negative Weak <0 <0 0,0.8]
Decoupling
Expansive >0 >0 (1.2, +00)

2.3. Research Steps and Data Sources

This study is performed in five steps (Figure 3). The first step is raw data collection
and processing. It involves the compilation of data for the study area 2009-2018, includ-
ing construction waste, gross output value of construction industry, and total profit of
construction industry. The second step is the analysis of spatial and temporal changes.
Firstly, the current characteristics and changing trends of construction waste emissions
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Data Collection and Processing

——Construction Waste

——Gross Output Value of Construction Industry

in 31 provinces are presented from the time dimension. Secondly, the spatial pattern and
evolution characteristics of inter-provincial construction waste emissions are studied based
on the cluster analysis method of GIS. The third step is decoupling analysis, to analyze the
connection between construction waste change and construction economic growth based
on the perspectives of gross output value and total profit. The fourth step is discussion
and reflection. A comparative analysis of the main findings reached in the analysis of the
results is conducted to reflect on and summarize the innovation and shortcomings in this
paper. The fifth step is the application of conclusions. Based on the trends and problems
of construction waste emissions in provinces of China, further differentiated response
strategies are proposed to provide a reference for the government to carry out construction
waste management and industry governance policy design for decision making.

——Total Profit of Construction Industry

First Step Second Step Third Step
Spatial-temporal Change Analysis Decoupling Type Change Analysis
——Change Trend ——Gross Output Value
——Spatial Characteristics —— Total Profit
Fifth Step Fourth Step
Conclusion Application Analysis Discussion and Comparative Analysis
Policy design ——Mutually Corroborating Conclusion: External Evidence

Planning recommendations Summary of Original Findings

Figure 3. Research steps.

Construction waste is the waste generated by undertaking and construction orga-
nizations in building, rebuilding, expanding and dismantling structures, buildings and
pipe networks, as well as residents in housing decoration and renovation, such as waste
soil and scrap. It should be noted that construction waste generation and emission are
completely different concepts in this paper, and the focus in this study is placed on the
latter. The construction waste generation represents the overall waste created during
building construction, remodeling, demolition, and renovation, including materials such
as steel, plastic, masonry, glass, and earth. The construction waste emission represents
the remaining portion of construction waste produced after being recycled and reused,
excluding the amount sent for disposal or discharged into the environment. Construction
waste emission includes building construction waste, demolition waste, and renovation
waste. It is a component of construction waste generation, that is, the emission is always
less than production. After being treated by some industrial, physical and chemical, and
biochemical processes, much construction waste can be reused as recycled resources, for
example, steel and plastic can be used to reproduce building materials and used bricks and
stones can be pulverized and processed into concrete, wall panels, and floor tiles. With the
implementation of the concept of green development and sustainable development, the
increasing attention and importance of the government and society to the management
of construction waste will certainly bring about the expansion of the scale of reuse of
construction waste, which will lead to a gradual decline in construction waste emissions or
even to zero.

Gross output value of the construction industry represents the total output of the
construction industry, and it is a critical indicator to comprehensively reflect the develop-
ment scale of construction industry. Total profit of the construction industry represents the
financial status of production and operation activities of construction enterprises, and it is
a critical indicator to reflect the business performance of enterprises. The two indicators,
both represented by monetary value and derived from the China Statistical Yearbook on
Construction, are commonly used in the policy design of national and local governments.
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Since prices vary somewhat across regions and time, we base our study on present value
change data of the two indicators, mainly for the following reasons: first, the Chinese
government conducts assessments and makes policies more on the basis of present value
rather than constant value; second, this paper is based on change rates rather than scale
volume, leading to negligible impact of prices on the analysis of this paper.

There are no official statistics on construction waste emissions in China, and the
data in this article come from a public report published by Zhenbang Environmental
Protection Technology Co., Ltd. The data are estimates, mainly based on the official figures
released by the China Statistical Yearbook, China Statistical Yearbook on Construction, and
Annual Development Report of China Building Energy Efficiency, as well as studies by relevant
scholars. Construction waste emissions are equal to the sum of the amount of waste
discharged during the work of building construction, demolition, and renovation. The
amount of waste discharged from building construction is equal to the annual completed
construction area multiplied by the emission factor of construction waste per unit area in
the construction process, the amount of waste discharged from building demolition is equal
to the demolition area multiplied by the emission factor of construction waste per unit area
in the demolition process, and the amount of waste discharged from building renovation
is equal to the renovation area multiplied by the emission factor of construction waste
per unit area in the renovation process. The completed construction area of each province
comes from the China Statistical Yearbook on Construction, which is an official authoritative
book to provide an overall picture of the development of China’s construction industry. It
is issued by China’s National Bureau of Statistics on a regular basis with a high reliability.
Building demolition and renovation areas are estimated based on a certain proportion of the
completed area, and the proportion coefficients are derived from the Annual Development
Report of China Building Energy Efficiency and the study of Wang [89]. The waste emission
factors in different processes are consistent with the studies of Li [90] and Xiang [91]. The
data of China’s construction economic efficiency indicators are mainly from China Statistical
Yearbook and China Statistical Yearbook on Construction, with some missing data from the
statistical yearbooks and statistical bulletins of provinces and cities. The standardized
and normalized data are shown in Tables A3 and A4 in Appendix A, based on the outlier
standardization method.

3. Results
3.1. Spatial-Temporal Change Analysis
3.1.1. Change Trend

The construction waste emissions of most provinces in China are in a “J-shaped”
growth state, while the provinces in northeast and northwest regions are in an “inverted
U-shaped” state, reaching the peak in construction waste emissions (Figure 4). From 2009
to 2018, construction waste emissions in more than 60% of the regions, including Beijing,
Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Shandong, Hubei, Guangdong, Sichuan, and
Shaanxi, were in a “J-shaped” growth state, and they were concentrated in the eastern and
central parts of China, while 38.71% of the regions were in an “inverted U-shaped” state,
mainly distributed in northeast and northwest China, where the decrease in construction
waste emissions was mainly the result of urbanization and industrialization slowdown.
Construction waste emissions in Hebei, Hainan, and Qinghai are likely to change from
an “inverted U-shaped” to an “N-shaped” state, with their construction waste emissions
increasing and then decreasing for most of the study period but increasing again in 2015
or 2018. Inter-provincial construction waste emission changes in China are becoming
increasingly diversified, and more provinces are moving into the development stage of
construction waste reduction. Only construction waste in Tibet was reduced in 2009-2013,
while the scope was expanded to 10 cities and provinces, namely Tianjin, Hebei, Inner Mon-
golia, Liaoning, Jilin, Heilongjiang, Gansu, Qinghai, Ningxia, and Xinjiang in 2014-2018.
Only Inner Mongolia, Liaoning, and Heilongjiang achieved the development of construc-
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Figure 4. Analysis on the change of construction waste in provinces.

3.1.2. Spatial Characteristics

Construction waste emissions have been varying widely among different provinces
in China, with significant spatial heterogeneity and agglomeration. The provinces with
the largest and smallest construction waste emissions in 2009 and 2018 were Jiangsu and
Tibet, respectively, and the extremes ratio (maximum value of Jiangsu/minimum value
of Tibet) was expanded from 337.70 to 485.10. According to Guan [92], Zhao [93,94], and
Miyamoto [95], the variables are highly discrete and unbalanced when the coefficient of
variation is greater than 0.36. The inter-provincial coefficient of variation of construction
waste emissions in 2009-2018 remained above 1.2 for a long time, indicating very serious
spatial heterogeneity and inequality. Based on the spatial clustering analysis carried out
by the natural break method of ARCGIS, the construction waste emissions were classified
into three types of high clustering, medium clustering, and low clustering. Jiangsu and
Zhejiang are provinces of high clustering and remain stable in the Yangtze River Delta
region. Beijing, Shandong, Shanghai, Fujian, Guangdong, Hunan, Anhui, Henan, and
Sichuan are regions of medium clustering, and they are concentrated and distributed in
coastal areas. The spatial scope of the medium clustering was increasingly contracting from
2009 to 2018, especially in north China. The provinces of the low clustering are the most
numerous, and they are clustered in northwest, northeast, and southwest regions for a long
time (Figure 5).

3.2. Decoupling Type Change of Gross Output Value
3.2.1. Eight Type

In 2009-2013, there was no strong decoupling, recessive coupling, weak negative
decoupling, or strong negative decoupling, and recessive decoupling was found in Tibet
only. The provinces in weak decoupling and expansive coupling states were the same and
they were the most numerous, with a combined percentage of 77.42%. Inner Mongolia,
Heilongjiang, Zhejiang, Anhui, Jiangxi, Shandong, and Henan were in the weak decoupling
state, mainly distributed in the Pearl River Delta and the northern, central, and south-
western regions. Tianjin, Hebei, Liaoning, Jilin, Fujian, Jiangsu, Hunan, Guizhou, Gansu,
Xinjiang, Ningxia, and Hainan were in the expansive coupling state, mainly distributed
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(Figure 6).
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Figure 5. Analysis on the spatial cluster of construction waste in the study area.

From 2014 to 2018, there were no provinces in the expansive negative decoupling or
weak negative decoupling state, and 58.06% of the provinces were in the weak decoupling
state, covering most areas of China, and concentrated in a contiguous distribution in coastal
and southwest regions. Inner Mongolia, Liaoning, Jilin, Heilongjiang, Gansu, Ningxia, and
Xinjiang were in the recessive decoupling state, mainly distributed in north China. Hebei
and Qinghai evolved into strong decoupling provinces, and they were in the best state.
Shanghai and Hubei were in the expansive coupling state, while the state of Tianjin and
Zhejiang degenerated to recessive coupling and strong negative decoupling, respectively,
making them problematic regions (Figure 6).
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Figure 6. Analysis on the eight types of decoupling relationships in gross output value.

From the changes of decoupling types in 2009-2013 and 2014-2018, more than 40%
of the geographic regions evolved, including Shanghai, Jiangsu, Fujian, Beijing, Hebei,
Shanxi, Shaanxi, Hunan, Hubei, Guizhou, Hainan, Tibet, and Qinghai, mainly clustered in
the central and northern China regions. About 30% of the regions degenerated, including
Xinjiang, Inner Mongolia, Gansu, Jilin, Heilongjiang, Tianjin, and Zhejiang, clustered in
northwest and northeast China. Shandong, Henan, Anhui, Jiangxi, Guangdong, Guangxi,
Yunnan, and Sichuan remained unchanged, concentrated in contiguous distribution in
central and southwest China (Figure 6).
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3.2.2. Three Type

In 2009-2013, about 41.49% of the territory was in the decoupling state, distributed
in a band in northeast, southwest, and central China. Xinjiang, Gansu, Ningxia, Liaoning,
Hebei, Tianjin, Jiangsu, and Fujian were in the coupling state, and most of them were
concentrated in the northwest and Bohai Bay region. Qinghai, Beijing, Shanxi, Shaanxi,
Hubei, and Shanghai were in the negative decoupling state, accounting for less than 20%
and geographically dispersed. In 20142018, the decoupling space expanded significantly,
accounting for up to 87.10%. Tianjin, Shanghai, and Hubei were in the coupling state, while
Zhejiang was in the negative decoupling state and became a problematic region. From
the changes of decoupling types in 2009-2013 and 20142018, more than about 55% of the
geographic areas evoluted, including Xinjiang, Gansu, Qinghai, Ningxia, Shaanxi, Shanxi,
Hebei, Beijing, Jilin, Liaoning, Hubei, Hunan, Guizhou, Jiangsu, Shanghai, Fujian, and
Hainan, concentrated and contiguous in zonal distribution. Only Zhejiang degenerated,
and 41.94% of the territory remained unchanged (Figure 7).
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Figure 7. Analysis on the three types of decoupling relationships in gross output value.

3.3. Decoupling Type Change of Total Profit
3.3.1. Eight Type

In 2009-2013, there was no strong decoupling, recessive coupling, recessive decoupling,
or strong negative decoupling, and only Tibet was in the weak negative decoupling state.
Weak decoupling had the largest number of provinces, accounting for 58.06%, including
Gansu, Sichuan, Chongging, Yunnan, Guizhou, Hubei, Guangdong, Hainan, Jiangxi, Fujian,
Anhui, Henan, Jiangsu, Shandong, Shanxi, and Tianjin, mainly clustered in the Yangtze
River Delta, the Pearl River Delta, Chengdu—Chongqing urban agglomeration and the
Yunnan-Guizhou plateau. Xinjiang, Qinghai, Inner Mongolia, Jilin, Liaoning, Hebei, Beijing,
Zhejiang, and Guangxi were in the expansive coupling state, clustered in north China.
Ningxia, Shaanxi, Hubei, and Heilongjiang were in the expansive negative decoupling
state, accounting for 16.13% (Figure 8).

In 20142018, all decoupling types were found except strong decoupling. Jiangsu,
Anhui, Henan, Fujian, Jiangxi, Hainan, Guangxi, Yunnan, Sichuan, and Tibet were in
the weak decoupling state, accounting for 45.16% and covering the largest geographical
area, while Liaoning, Jilin, Xinjiang, Gansu, and Ningxia were in the recessive decoupling
state, mainly distributed in the northwest and northeast regions. The provinces in the
remaining five types of decoupling were balanced in number and they were concentrated
in north China. Guangdong and Chongqing were in the expansive coupling state; Beijing,
Shanghai, and Shanxi were in the expansive negative decoupling state; Inner Mongolia and
Heilongjiang were in the recessive coupling state; Tianjin, Hebei, and Qinghai were in the
weak negative decoupling state; and Zhejiang and Shandong were in the strong negative
decoupling state (Figure 8).

From the changes of decoupling types in 2009-2013 and 2014-2018, only Guangxi,
Hubei, Shaanxi, and Qinghai evoluted, and they were geographically dispersed. More
than half of the regions degenerated, including Xinjiang, Inner Mongolia, Gansu, Jilin,
Heilongjiang, Tianjin, Zhejiang, and Guangdong, concentrated in the northern regions
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of China. About 35.48% of the territory remained unchanged, mainly in the central and
southwestern regions, including Jiangsu, Anhui, Henan, Jiangxi, Fujian, Hunan, Guizhou,
Sichuan, Yunnan, and Hainan (Figure 8).
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Figure 8. Analysis on the eight types of decoupling relationships in total profit.

3.3.2. Three Type

In 2009-2013, more than 50% of the regions were in the decoupling state, including
Jiangsu, Anhui, Shandong, Henan, Shanxi, Guangdong, Fujian, Jiangxi, Hunan, Guizhou,
Chongqing, Sichuan, Gansu, Yunnan, and Hainan, clustered in the Yangtze River Delta,
Pearl River Delta, and southwest region. Xinjiang, Qinghai, Gansu, Liaoning, Hebei, Bei-
jing, Jilin, Zhejiang, and Guangxi were in the coupling state, mainly clustered in north and
northwest China. Heilongjiang, Ningxia, Shaanxi, Hubei, and Tibet were in the negative
decoupling state, and they were geographically dispersed. In 2014-2018, the decoupling
space further expanded by up to 61.29%. Inner Mongolia, Heilongjiang, Chongqing, and
Guangdong were in the coupling state, and they were small in number and geographically
dispersed. Beijing, Tianjin, Hebei, Shandong, Shanxi, Shanghai, Zhejiang, and Qinghai
were in the negative decoupling state. They were mostly clustered in the capital ring
area and became problematic regions. The change in the type of decoupling in 2009-2013
and 2014-2018 showed that about 30% of the geographic regions evoluted, including Xin-
jiang, Tibet, Guangxi, Ningxia, Shanxi, Hubei, Heilongjiang, Jilin, and Liaoning. Qinghai,
Chongging, Guangdong, Zhejiang, Shanxi, Hebei, Beijing, Tianjin, and Shandong degener-
ated, mainly concentrated in the Bohai Rim region. More than 40% of the territory remained
unchanged, and the regional distribution showed obvious agglomeration (Figure 9).
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Figure 9. Analysis on the three types of decoupling relationships in total profit.

4. Discussion
4.1. Theoretical Enlightenment

In this paper, we find that construction waste emissions in China continue to grow, with
huge inter-provincial differences and significant spatial heterogeneity and agglomeration.
These conclusions are corroborated with other papers, but the details are not exactly the
same. Zhao [96] found that the overall trend of construction waste emissions in China is
“rising first and then declining” and “high in the east and central regions, while low in the
west and north”, and there is an obvious spatial clustering and variation with agglomeration
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spreading from west to east, by the gray prediction method and K-means clustering
algorithm. This conclusion is generally in agreement with the findings of this paper, such
as the viewpoints on spatial agglomeration and heterogeneity. However, they differ slightly
in some details, such as the difference in the trend of continuous increase and “inverted U-
shaped” state of construction waste emissions, which is mainly due to the different methods
and calibers for estimation of construction waste emissions. In this paper, we estimate
full-caliber construction waste based on new buildings and building stocks, while Zhao
estimated only construction waste produced in the construction process according to the
local codes (Shenzhen). Based on the panel data analysis of 25 EU countries, Mazzanti [97]
found that there is no absolute decoupling between waste production and economic
development in EU countries, and there are great differences among different countries.

This paper finds that the decoupling relationship between inter-provincial construction
waste and construction economic growth in China is dominated by weak decoupling,
expansive coupling, and recessive decoupling types, followed by recessive coupling, strong
negative decoupling, and strong decoupling types, and no weak negative decoupling
is found. In addition, the decoupling types are increasingly diversified and complex,
and the geographical distribution of decoupling types and their changes show significant
heterogeneity and agglomeration. Besides, the decoupling types are changing for the better,
and the decoupling types in most regions remain stable or even evolve. The northeast and
northwest regions degenerate into recessive decoupling and become problematic regions for
construction waste management and sustainable development of the construction economy
in China. These new findings and viewpoints are the original research conclusions of this
paper, and they are useful additions to the theories related to the transition from high waste
to low or even zero waste in the construction industry.

Theoretically, the decoupling model effectively portrays the dynamic relationship
between construction waste changes and economic growth, and it determines in time
whether the development with construction waste minimization and resourceization is
in a reasonable state, to provide a new method to study the law of low-carbon transfor-
mation of the construction industry for researchers, government policy makers and the
public. Practically, the methods and conclusions of this paper are applicable to China and
also provide valuable references for decision making in the design of construction waste
management policies in the US, Germany, France, UK, Sweden, Poland, the Netherlands,
Iran, Japan, Korea, Italy, Brazil, India, Australia, Russia, Egypt, and other countries. These
countries have been among the world leaders in construction waste emissions in recent
years and are under as much pressure as China to reduce construction waste [98,99].

The analysis of the decoupling between construction waste changes and economic
growth will provide a basis for the design of construction waste management policies
in the aforementioned countries, and it will also contribute to the green development of
their construction industry, solid waste management, and sustainable development of
regional economy. In the design of construction waste management solutions based on the
decoupling model, different countries must have some basic conditions, for example, they
should have 5-10 years, or even more years, of data on construction waste, construction
economy, and regional economic development, including waste emissions, added value,
gross output value, and profit of construction industry and regional GDP. In addition, these
countries should be aware of some constraints when designing the application scheme in
accordance with the research steps described in Section 2.3 of this paper, for the results of
the decoupling analysis are influenced by the study period and its phase division, and the
choice of the base period and the choice of parameter n in Equations (2) and (3) may lead
to variations in the type of decoupling. Therefore, the research base period (to determine
the best research starting point) and stage division (to determine reasonable values of
parameter n) should be determined comprehensively according to the national policy
design objectives, regional economic development stages, and construction waste change
trends, so as to make the research results more stable, suitable, and accurate.
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4.2. Limitations and Deficiencies

The decoupling model is of great value in the practice of construction waste manage-
ment in general. Fell [100] also believes that it is an effective tool to help local authorities
manage waste growth based on accumulating data and improving the calculation methods
of the model. It must be noted that due to the limitation of data and information, this paper
only performs analysis at the provincial scale without involving the comparative analysis
at the national and urban scales.

Due to the fact that the existence of scale effects may lead to certain differences
in the research results of different levels of cities, regions, and countries, and that the
policy-oriented and stage-oriented decoupling analysis may lead to large differences in the
institutional environment and development stages of different countries and regions, and
the choice of study area and cases may have certain effects on the results, there may be
changes in details such as the size of the decoupling index and the determination of the
decoupling type. To improve the accuracy of determining the connection between changes
in construction waste and economic growth and to reveal the patterns of interactive changes
between them, it is required to attract more scholars to this field and carry out studies at
city, provincial and state, and national scales, to discover their similarities and differences
through comparative analysis of different study areas (cases) at different scales.

This paper does not provide an in-depth analysis of the factors influencing and driving
mechanisms of the evolution of the decoupling type. Based on the latest decoupling
state, coupled with the scale and grade of construction waste and its changing trend,
differentiated policies can be designed for construction waste management by dividing the
study area into specific policy zones as a whole. Influencing factors and driving mechanisms
will not affect the results of decoupling analysis and overall policy design; however, policy
design at the level of individuals (a province within the study area) based on them will be
a little rough. Further analysis of influencing factors and driving mechanisms will help the
government enrich policy details and improve the precision of policy design. Therefore,
the study of the influencing factors and driving mechanisms of the evolution of decoupling
types between construction waste changes and economic growth will and should be the
next new research field, and it deserves our continued efforts and those of researchers with
similar interests.

4.3. Policy Design Value

Construction waste accounts for about 30% of municipal solid waste in China, posing
a huge challenge to urban authorities in environmental management and high-quality
economic development, but up to now, more than 40% of cities have not yet enacted a
specific policy on construction waste management [101]. Implementation of scientifically
sound construction waste minimization measures will curb waste production by 50% [102].
Therefore, it is necessary to formulate differentiated construction waste management
policies according to the analysis results and the development trends and environment
of each province; divide the final decoupling types based on the analysis results from
the perspective of gross output value and total profile on the severe and strict side; and
classify 31 provinces into three policy zones of transformation, adjustment, and stabilization
by construction waste emission level, change trend, and decoupling type, and carry out
differentiated and targeted policy design accordingly (Figure 10).

Most Chinese provinces are stabilization policy zones. They should continuously and
steadily implement or fine-tune the existing construction waste management policies and
accelerate the summary and refinement of their own experience to form a replicable and
scalable construction waste management model and standards. Liaoning, Jilin, Hainan,
Guizhou, Gansu, Ningxia, and Xinjiang are in the leading position in construction waste
management, and they are already in a decoupling state, with low total construction waste
emissions and an “inverted U-shaped” change trend. It is recommended that they take the
lead in developing national and industry and construction waste management standards
to play a leading and exemplary role. For example, Jilin has formulated or implemented
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the Opinions on Further Promoting Comprehensive Utilization of Construction Waste, the Imple-
mentation Plan for “Construction Waste Management and Resourceful Utilization Pilot Province”,
and the Management Regulations for Construction Waste Emission Reduction and Resourceful
Utilization, making it a national construction waste management and resourceful utilization
pilot province recognized by the Ministry of Housing and Urban-Rural Development. Its
focus of future work is to steadily promote the effective implementation of the relevant
policies and plans. Jiangxi, Guangxi, Yunnan, Tibet, Shaanxi, Anhui, Fujian, Henan, Hu-
nan, and Sichuan have been in the decoupling state, with construction waste emissions
at a low to medium level but still in rapid growth. It is recommended that they should
accelerate the development of construction waste management planning, with focus on
controlling the growth of waste to achieve the peak early. Inner Mongolia, Heilongjiang,
and Chongqing have low emissions of construction waste, but they are still in the coupling
state. They should give priority to promoting the decoupling of construction waste changes
and economic growth in the future. In particular, Chonggqing should strictly implement
the Implementation Plan for Pilot Work of Urban Construction Waste Control in Urban
Areas, the Technical Standards for Construction Waste Disposal and Resource Utilization,
the Special Planning for Construction Waste Governance in Urban Areas of Chongqing, the
Technical Regulations for Setting Up Construction Waste Disposal Sites in Chongqing, the
Opinions on the Promotion and Application of Recycled Construction Waste Products in
Chongging, as well as other governance policies and supporting standards, to improve the
capacity of construction waste reduction, harmless and resourceful disposal, and achieve
the peak of construction waste emissions early.
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Figure 10. Policy zoning of decarbonization development.

In the adjustment policy area, Tianjin, Hebei, Qinghai, and Shanxi are in the state of
negative decoupling, with construction waste emissions at a low level, and they have all
achieved a peak except Shanxi. They should learn from the successful experience of the
leaders in the stabilization policy area (such as Liaoning, Jilin, Hainan, and Guizhou) in
the future to accelerate construction waste reduction, resourceization, harmlessness, and
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reuse, focusing on promoting themselves to be in the coupling or even decoupling state.
Ajayi [103] and Mahpour [104] identified legislation and fiscal policy as critical drivers
to reduce construction waste, and Liu [105] suggested a PPP model to reduce the risk
of construction waste resourceization projects. It is recommended that provinces in the
adjustment policy area develop legislation on construction waste management; use financial
funds to develop incentive programs for construction waste minimization and resource
utilization; promote the application of the PPP concession model; clarify the responsibilities,
rights, and needs of multiple subjects in construction waste management; and guide and
drive all types of market and social funds to invest independently and establish a long-term
mechanism. Although Jiangsu is in the decoupling state, its construction waste emissions
are huge and in continuous growth. Hubei and Guangdong are in the coupling state, and
their construction waste emissions are also large and still in continuous rapid growth.
Jiangsu, Hubei, and Guangdong should place their focus on controlling the growth of
construction waste in their future policy design, thus promoting the development of the
construction industry from a high waste-based to a low waste-based stage and achieving
peak construction waste emissions early. According to the findings of Zoghi [106] and
Kucukvar [107], it is recommended that these provinces accelerate the transformation
of construction waste management from end-of-pipe management to whole-process and
whole-life management, strengthen source reduction, promote sorting and collection, and
improve the collection and transportation system. In addition, for provinces such as Jiangsu
and Guangdong that are already in the developed stage but have a high level of construction
waste for a long time, they should carry out pilot demonstration work of comprehensive
utilization of construction waste in representative cities, to establish a governance policy
and technology system suitable for themselves, and build a number of demonstration bases
for comprehensive utilization of construction waste with high technology level, strong
innovation ability, large production scale, and satisfactory economic benefits.

Zhejiang, Beijing, Shanghai, and Shandong are in the transformation policy area. They
are economically developed and in the negative decoupling state due to their large and fast-
growing construction waste emissions, with sharp contradictions between environmental
management and economic development. To improve construction waste management
performance, greater efforts must be made for better systematic and innovative policy
design. The first dimension is to formulate and implement a policy for the development
of construction waste recycling [108,109], making a clear timeline and roadmap, to set up
responsibility targets and assessment indicators for reduction and resourceization, and to
plan and build construction waste recycling facilities, treatment, and reuse plants [110,111].
The second dimension is to actively implement a classification system for construction
waste to collect, store, and dispose of the waste by classification; establish a comprehensive
information monitoring platform for construction waste based on big data, cloud comput-
ing, Internet of Things, and other technologies; publish basic information on construction
waste generation, transportation and disposal, construction waste disposal facilities, and
licensed and qualified enterprises and vehicles; and disclose information on the supply and
demand of construction waste and its recycled products [112,113]. The third dimension is
to accelerate the pace of scientific and technological innovation and technology application
of comprehensive utilization of construction waste; introduce advanced foreign technology
and mature equipment; and encourage and support colleges and universities, scientific
research institutions, and enterprises to develop new technologies, new techniques, new
equipment, and new products for comprehensive utilization of construction waste [114].
The fourth dimension is to promote new construction methods, accelerate industrializa-
tion, digitalization, and intelligent upgrading of the construction industry; increase the
proportion of zero-waste buildings, prefabricated buildings, and intelligent buildings;
and improve resource utilization [115,116]. The fifth dimension is to establish a charging
system for the collection and disposal of construction waste, reasonably determine the
waste charging level, actively explore metering and differentiated charging methods [117],
and establish an Internet trading platform for construction waste and its quota, to realize
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the healthy development of the market for construction waste and its disposal. The sixth
dimension is to improve the quality control of architectural design and construction, imple-
ment the design concept of minimizing construction waste, strengthen the quality control of
each construction process, and reduce rework or repair due to quality problems [118,119].

5. Conclusions

Construction waste management has become an issue of common concern in recent
years, and China is typical and representative in the world. In this paper, we conducted
an empirical study on the relationship between changes in provincial construction waste
2009-2018 and economic growth in China based on the decoupling model and GIS tools
and reached the following conclusions:

(1) Provincial construction waste emissions in China are characterized by significant
spatial heterogeneity and agglomeration, and most of the provinces with large emissions are
concentrated in the eastern coastal and central regions, with construction waste emissions
in Jiangsu and Zhejiang at a high level for a long time. In addition, they mainly show
growth-oriented and “inverted U-shaped” changes, about 1/3 of the provinces have been
in the peak state of construction waste emissions.

(2) The decoupling relationship between inter-provincial construction waste and con-
struction economic growth in China is dominated by weak decoupling, expansive coupling,
and recessive decoupling types, while recessive coupling, strong negative decoupling, and
strong decoupling types are less common.

(3) The changes of decoupling types are generally favorable, but the evolutionary
trends are increasingly diversified and complex, with significant difference and agglomer-
ation in geographical distribution of decoupling types and their changes. Over the past
decade, the decoupling type has seen evoluted, degenerated, and unchanged changes, with
most regions remaining unchanged or realizing evolution.

(4) Based on construction waste emission levels, change trends, and decoupling types
combined, the 31 provinces are divided into three types of policy zones of transformation,
adjustment, and stabilization, and differentiated and targeted recommendations are made
to provide a basis for the government to develop construction waste management policy
design. As the northeast and northwest regions degenerate into the recessive decoupling
state, and some developed coastal regions such as Zhejiang, Shandong, and Tianjin change
from decoupling to recoupling or connecting again, they become problematic regions that
restrict the overall performance improvement of construction waste management and
sustainable development of the construction economy in China.

The urbanization and industrialization in China, India, Iran, Brazil, Egypt, and other
countries will continue at a high rate in the future, and urban population growth and
industrial upgrading will lead to a continuous increase in construction waste emissions,
which is a major challenge in building a “zero-waste city” and a “zero-waste society”. This
study shows that the decoupling model can be used as a new tool to analyze the synergistic
relationship between construction waste and economic growth. We call for more scholars
to conduct case and empirical studies to provide a decision basis for the government to
develop a timeline and roadmap for construction waste reduction.
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Appendix A

Table A1l. Growth rate and decoupling index of construction waste and economy from 2009 to 2013.

Growth Rate Decoupling Index
Construction Waste ~ Gross Output Value  Total Profit ~ Gross Output Value  Total Profit
1 Beijing 21.18 16.45 18.88 1.29 1.12
2 Tianjin 17.81 17.91 27.48 0.99 0.65
3 Hebei 18.95 20.05 22.10 0.95 0.86
4 Shanxi 18.13 13.54 30.90 1.34 0.59
5 Inner Mongolia 9.57 12.97 10.14 0.74 0.94
6 Liaoning 22.23 26.36 27.54 0.84 0.81
7 Jilin 20.97 17.94 23.84 117 0.88
8 Heilongjiang 11.49 16.49 4.66 0.70 2.47
9 Shanghai 11.25 7.97 8.89 141 1.27
10 Jiangsu 17.50 20.99 2241 0.83 0.78
11 Zhejiang 14.46 20.48 17.91 0.71 0.81
12 Anhui 17.28 22.03 26.03 0.78 0.66
13 Fujian 21.40 25.47 29.62 0.84 0.72
14 Jiangxi 18.03 27.25 32.10 0.66 0.56
15 Shandong 12.77 16.61 19.18 0.77 0.67
16 Henan 14.45 18.13 27.33 0.80 0.53
17 Hubei 120.26 2541 31.61 4.73 3.80
18 Hunan 17.13 20.48 2252 0.84 0.76
19 Guangdong 13.69 19.87 20.38 0.69 0.67
20 Guangxi 18.22 25.12 2242 0.73 0.81
21 Hainan 16.98 18.76 23.40 0.91 0.73
22 Chonggqing 15.53 25.37 23.78 0.61 0.65
23 Sichuan 15.34 21.24 27.39 0.72 0.56
24 Guizhou 24.51 27.38 48.69 0.90 0.50
25 Yunnan 18.60 24.85 32.67 0.75 0.57
26 Tibet —8.32 —5.10 —20.42 1.63 0.41
27 Shaanxi 2261 14.73 17.28 1.54 1.31
28 Gansu 25.01 31.25 40.04 0.80 0.62
29 Qinghai 23.55 19.28 28.05 1.22 0.84
30 Ningxia 21.54 21.71 17.74 0.99 1.21

31 Xinjiang 25.63 27.51 27.67 0.93 0.93
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Table A2. Growth rate and decoupling index of construction waste and economy from 2014 to 2018.

Growth Rate Decoupling Index
Construction Waste ~ Gross Output Value  Total Profit  Gross Output Value Total Profit
1 Beijing 5.90 7.45 2.90 0.79 2.03
2 Tianjin —2.19 —2.14 —14.15 1.02 0.15
3 Hebei —1.90 0.43 —3.86 —4.46 0.49
4 Shanxi 3.86 7.19 0.58 0.54 6.68
5 Mgr‘;‘zrha ~10.93 —6.57 —1251 1.66 0.87
6 Liaoning —27.14 —17.51 —19.12 1.55 1.42
7 Jilin —13.10 —5.32 —5.41 2.46 242
8 Heilongjiang —15.93 —13.27 —17.65 1.20 0.90
9 Shanghai 7.38 6.64 3.16 1.11 2.33
10 Jiangsu 3.32 592 433 0.56 0.77
11 Zhejiang 1.10 —2.28 —3.76 —0.48 —0.29
12 Anhui 3.78 9.62 7.14 0.39 0.53
13 Fujian 5.71 14.28 13.35 0.40 0.43
14 Jiangxi 478 13.63 9.87 0.35 0.48
15 Shandong 2.72 6.41 -1.31 0.42 —2.07
16 Henan 5.98 9.08 13.67 0.66 0.44
17 Hubei 8.79 10.83 17.05 0.81 0.52
18 Hunan 5.57 12.39 11.14 0.45 0.50
19 Guangdong 8.28 13.49 9.77 0.61 0.85
20 Guangxi 5.90 13.97 15.18 0.42 0.39
21 Hainan 0.96 6.66 6.79 0.14 0.14
22 Chongqing 1.70 7.24 1.88 0.23 0.90
23 Sichuan 2.04 14.09 20.30 0.14 0.10
24 Guizhou 5.74 19.57 36.37 0.29 0.16
25 Yunnan 4.26 14.95 18.37 0.29 0.23
26 Tibet 18.08 26.06 47.36 0.69 0.38
27 Shaanxi 5.79 11.36 14.30 0.51 0.41
28 Gansu —4.52 —0.09 —3.57 49.89 1.27
29 Qinghai —1.88 0.48 —5.82 —3.91 0.32
30 Ningxia —14.43 —241 -7.77 5.98 1.86

31 Xinjiang -13.25 -1.92 —0.53 6.89 24.81
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Table A3. Standardized and normalized raw data in 2009 and 2013.
Construction Waste Gross Output Value Total Profit
2009 2013 2009 2013 2009 2013
1 Beijing 0.1958 0.2315 0.3898 0.3371 0.2247 0.1796
2 Tianjin 0.0584 0.0630 0.1786 0.1651 0.1312 0.1127
3 Hebei 0.1678 0.1844 0.2389 0.2358 0.4367 0.4109
4 Shanxi 0.0584 0.0637 0.1702 0.1349 0.1859 0.1624
5 Mf)rr‘lljgi)rlia 0.0560 0.0450 0.0855 0.0682 0.2538 0.2794
6 Liaoning 0.1835 0.2248 0.3235 0.3902 0.4391 0.4700
7 Jilin 0.0555 0.0668 0.1030 0.0974 0.1921 0.1825
8 Heilongjiang 0.0506 0.0438 0.1227 0.1093 0.2039 0.1834
9 Shanghai 0.1720 0.1443 0.3673 0.2340 0.2450 0.1721
10 Jiangsu 0.9648 1.0000 1.0000 1.0000 1.0000 1.0000
11 Zhejiang 1.0000 0.9331 0.9335 0.9182 0.6441 0.5681
12 Anhui 0.1813 0.1881 0.2109 0.2231 0.3689 0.3828
13 Fujian 0.1997 0.2378 0.2074 0.2457 0.3981 0.5010
14 Jiangxi 0.1166 0.1248 0.1208 0.1548 0.3100 0.3093
15 Shandong 0.3741 0.3299 0.4409 0.3828 0.9521 0.9134
16 Henan 0.2411 0.2262 0.3443 0.3160 0.5039 0.4966
17 Hubei 0.0175 0.2600 0.3271 0.3827 0.3758 0.4334
18 Hunan 0.2152 0.2217 0.2372 0.2376 0.3825 0.3953
19 Guangdong 0.2817 0.2570 0.3652 0.3553 0.6130 0.5444
20 Guangxi 0.0837 0.0907 0.0825 0.1010 0.2073 0.2713
21 Hainan 0.0083 0.0103 0.0048 0.0096 0.0197 0.0272
22 Chongqing 0.1583 0.1547 0.1790 0.2124 0.2141 0.2820
23 Sichuan 0.2516 0.2434 0.3188 0.3255 0.4655 0.5442
24 Guizhou 0.0415 0.0569 0.0422 0.0594 0.0603 0.1001
25 Yunnan 0.0739 0.0814 0.1083 0.1291 0.1956 0.2857
26 Tibet 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
27 Shaanxi 0.0817 0.1027 0.2177 0.1790 0.3162 0.3608
28 Gansu 0.0372 0.0521 0.0477 0.0750 0.1101 0.1120
29 Qinghai 0.0018 0.0049 0.0108 0.0154 0.0007 0.0006
30 Ningxia 0.0177 0.0233 0.0162 0.0224 0.0192 0.0273
31 Xinjiang 0.0482 0.0680 0.0680 0.0914 0.1353 0.1569
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Table A4. Standardized and normalized raw data in 2014 and 2018.

Construction Waste Gross Output Value Total Profit
2009 2013 2009 2013 2009 2013
1 Beijing 0.2421 0.2667 0.3319 0.3497 0.4420 0.4152
2 Tianjin 0.0616 0.0484 0.1653 0.1170 0.1578 0.0653
3 Hebei 0.1716 0.1385 0.2265 0.1801 0.1625 0.1116
4 Shanxi 0.0621 0.0626 0.1237 0.1273 0.0915 0.0740
5 Mf)rr‘?ge()rlia 0.0381 0.0197 0.0543 0.0289 0.0704 0.0278
6 Liaoning 0.2223 0.0532 0.3173 0.1123 0.2563 0.0852
7 Jilin 0.0691 0.0331 0.0999 0.0600 0.1084 0.0672
8 Heilongjiang 0.0345 0.0136 0.0848 0.0337 0.0474 0.0108
9 Shanghai 0.1532 0.1782 0.2214 0.2253 0.2003 0.1874
10 Jiangsu 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
11 Zhejiang 0.9349 0.8566 0.9215 0.6658 0.5858 0.4201
12 Anhui 0.1866 0.1892 0.2207 0.2515 0.1935 0.2120
13 Fujian 0.2579 0.2821 0.2699 0.3649 0.2352 0.3263
14 Jiangxi 0.1346 0.1416 0.1652 0.2175 0.1556 0.1886
15 Shandong 0.3301 0.3218 0.3769 0.3821 0.4307 0.3407
16 Henan 0.2327 0.2570 0.3197 0.3582 0.3243 0.4563
17 Hubei 0.2961 0.3636 0.4073 0.4873 0.3960 0.6282
18 Hunan 0.2207 0.2399 0.2426 0.3064 0.2086 0.2665
19 Guangdong 0.2392 0.2882 0.3379 0.4446 0.3771 0.4606
20 Guangxi 0.0965 0.1058 0.1035 0.1372 0.0472 0.0679
21 Hainan 0.0084 0.0067 0.0084 0.0058 0.0071 0.0035
22 Chongqing 0.1553 0.1449 0.2235 0.2328 0.2763 0.2472
23 Sichuan 0.2502 0.2373 0.3261 0.4383 0.2322 0.4112
24 Guizhou 0.0597 0.0648 0.0640 0.1031 0.0314 0.0964
25 Yunnan 0.0762 0.0783 0.1217 0.1675 0.1192 0.1968
26 Tibet 0.0000 0.0000 0.0000 0.0000 0.0000 0.0093
27 Shaanxi 0.1043 0.1140 0.1830 0.2219 0.1278 0.1823
28 Gansu 0.0530 0.0375 0.0711 0.0529 0.0606 0.0384
29 Qinghai 0.0040 0.0022 0.0147 0.0085 0.0096 0.0000
30 Ningxia 0.0191 0.0075 0.0226 0.0126 0.0170 0.0038
31 Xinjiang 0.0681 0.0324 0.0911 0.0635 0.0481 0.0344
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