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Industrial green transformation is crucial for the green development of cities that suffer from environmental
crisis and resources depletion caused by the dysfunction of material cycle. Identifying the direction of the in
dustrial transition is indispensable for the successful green transformation. One of the challenges is to discern the
green transition of industrial network structure. The existing analysis methods based on a comprehensive index
are hard to provide the network change information for decision makers to track and adjust the green transition
direction of industrial system in time. For filling this gap, this study aims at exploring a network-based analysis
approach for decision makers to discern the direction of industrial green transformation from network and ecoefficiency perspectives. Based on the network analysis and eco-efficiency methods, the article firstly proposed an
analysis approach framework from network structure and the two main green features (waste network and ecoefficiency) perspectives; Then taking Beijing industrial system as an example, deeply analyzed the evolution of
the waste network and the dynamic change of eco-efficiency of both water resource and industrial solid waste;
Furthermore, identified the trend of Beijing industrial transformation and shed light on the transition rules to
wards green development. The principle results of the case revealed that: (1) Waste network exhibited a vigorous
development and played more and more prominent role after 2000. (2) Ecological efficiency (water and solid
waste) showed a steady increase from 2005 to 2012. (3) Beijing industrial system was transforming gradually
towards the green pattern through wastes network construction and the eco-efficiency improvement since 2000.
Our study provides an insight for decision makers to manage industrial transformation from an eco-network
evolution perspective, which is benefit to know the network structure change in time and made the targeted
systematic strategies to keep the industrial transition towards the green development.
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1. Introduction
Since industrial revolution, traditional industrial development
model with extensive resource consumption and wastes discharge has
led to increasingly serious resources shortage and environmental prob
lems due to the linear resource flows. Although total control of pollutant
discharge and cleaner production have sorted out a part of the pollution
problems, the contradiction between the industrial development and
environmental protection would not be coordinated if the extensive
development mode could not be changed. Industrial development is a
process that industries cluster together and form complex networks
gradually (Wallner, 1999). Therefore, the transformation of industrial
structure and resource flow mode is crucial to resolve the problems. The
green development based on the idea of harmony development with

nature provides a paradigm for the sustainable transformation.
In 1985, “green development” was first proposed in a book named
“The Greening of the World: towards to a Non-deterministic Model of
Global Processes” written by Friberg and Hettne, in which they pointed
out maintaining ecological balance was one of the most important prin
ciples for green development (Friberg and Hettne, 1985). The World
Environment and Development Committee suggested that green devel
opment should be facilitated by environmental design and management in
the report named “Our Common Future” published in 1987. There are
three key elements for green development: limited growth within
resource-environmental carrying capacity, social-natural-environmental
coordination development goal, and development ways with green
ization and ecologicalization. In 2011, the World Bank defined green
development as the economic growth with environment friendly and high
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to 2012”. However, until now, the challenge for solving the resources
and environmental problems radically is huge because it depends on the
transformation of industrial structure, business mode, and social
mechanism and behavior mode. In February of this year, the State
Council of China issued the guideline of quickly establishing and per
fecting the green and low-carbon economic development system. The
guideline clearly points out that industrial structure should be optimized
towards green development pattern obviously in 2025. Therefore,
knowing the transformation direction from a network perspective in
time is essential and urgent to adjust industrial structure towards green
development and achieve the goal set for green development.
Existing researches have successfully proposed some pathways and
indexes to evaluate green growth based on the influence factors such as
economy, resource, environment, society and policy, etc (OECD, 2017;
Kim et al., 2014; Feng et al., 2019; Zhai and An, 2020; Yuan et al., 2020).
Some works discussed industrial green transformation with green en
ergy or system dynamic or diving pattern (Grover, 2013; Kuai et al.,
2015; Mao et al., 2019). These works all showed that structure and ef
ficiency were the main influence factors for the industrial green trans
formation. In addition, low emission and zero pollution and high
resource use efficiency are the main features of green development
(UNIDO, 2011). Currently, existing analysis methods of IGT mainly have
three ways that include structure measurement, efficiency measurement
and complex index based analysis (Mao et al., 2019; Yuan et al., 2020).
The structure transformation mainly refer to the proportion change of
the high pollution industry in the industrial system; The efficiency
transformation is measured by the efficiency transformation coefficient
that is the ratio of the industrial green total factor productivity growth
rate to the industrial output growth rate; The analysis with complex
indices is mainly based on an indication system that include resources,
energy, environment and economy indices et al. These measurement
methods all use a comprehensive index to assess green transformation.
These comprehensive indexes could assess the status change of green
growth of industrial system very well. However, they are difficult to
provide the network structure information because they focus on the
status indices such as the environmental quality or pollution emission
rather than network indices such as tie (in- or out-strength) among the
sectors of the industrial system. Considering an industrial system has
network structure characteristics, whereas the existing analysis methods
are hard to reflect the dynamic network features and then are difficult to
provide the network change information for the management of indus
trial green transformation. Network-based analysis is thus a significant
supplement for the assessment of green transformation of industrial
system. Therefore, it is imperative to explore a network based analysis
approach for decision makers to identify and adjust the industrial
transition direction in time so that industrial system can develop to
wards green growth smoothly.
Given that waste network is very important to resource recycling use
and pollution abatement during the industrial green transition, our
study thus proposed a new approach from waste network and ecoefficiency perspectives. The aim is to help decision makers know in
dustrial transition direction so that they can adjust strategies in time to
guide industrial system towards green development by resource sus
tainable use. The network based insight can help decision makers not
only to know the general trend of the transformation but also to make
targeted strategies to keep the transition towards green development by
tracking the network structure change of industrial network. The paper
is structured into following sections except the introduction: the litera
ture review was presented in section 2. In section 3, based on the waste
network and eco-efficiency perspectives, the approach framework that
includes the network based analysis methods and the eco-efficiency
analysis methods were proposed for industrial green transformation.
By using the proposed approach, section 4 studied the case of Beijing
industry, which mainly included the dynamic changes of the industrial
system, the evolution rules of waste network and the change rules of ecoefficiency, and the direction of Beijing industrial transformation. Section

social inclusion, while utilizing use of natural resources with high effi
ciency and low pollutant emissions for decreasing environmental effect
(World Bank, 2011). From economic growth perspective, United Nation
Economic and Social Commission for Asia and the Pacific proposed green
growth that was regarded as an economic growth and development with
sustainable resources and environmental services relied by our human
beings (OECD, 2011). Based on the industrial development perspective,
United Nation Industrial Development Organization proposed that green
industrial development is a new development mode with low carbon,
resources thrift, low emission and zero pollution characteristics (UNIDO,
2011). These definitions explained the meaning of the green development
from social, economic, and industrial development perspectives. Their
common point is that they all highlight green development being the
development with environmental friendly and resource thrift.
An industrial ecosystem can be considered as an industrial econetwork (ecosystem) that has self-organization and self-adjustment
functions with waste recycling (Frosch and Gallopoulos, 1989). Indus
trial ecosystem is consisted of industrial communities and relevant
development conditions or environment. Industrial communities (net
works) are gradually formed and evolved through the interaction of
materials, energy, money, and information flows, and so forth among
enterprises within a temporal and spatial range (Shi, 2010). The network
architecture has an important impact on the exertion of network func
tions (Patala et al., 2014). Industrial symbiosis network plays significant
role on pollution reduction and resources thrift. Based on above defi
nitions of the green development and a network perspective, this article
considered the green industrial development as a sustainable industrial
development mode with industrial symbiosis network (such as waste
recycling network) and high eco-efficiency.
These days, many countries and regions considered green growth as
the new original development mode for meeting human welfare and
achieving sustainable development goals under the constraints of re
sources consumption and environmental services. Therefore, green
development is becoming the direction of industrial sustainable trans
formation. Through green transforming and upgrading, the new mode of
industrial development with low energy and resources consumption,
low pollution emissions and high production efficiencies can provide the
key support for urban green development towards sustainability (Kuai
et al., 2015). South Korea kicked off their “Green Growth Strategies”
that aimed at a paradigm shift toward a sustainable development path
with harmonizing environment, economy and society in 2008 (Lee and
Kim, 2016). In the EU, establishing industrial symbiosis network has
been identified as a central strategy to increase efficiency in order to
promote European environmental sustainability and reduce the de
pendency of European industries on external raw supplies (Martin and
Harris, 2018). Eco-industrial network among which output streams such
as by-product and waste products from some firms are used as input
sources to the other industrial units is the base for sustainable devel
opment (Yedla and Park, 2017). Therefore, establishing wastes recovery
network and improving resources use efficiency as the means of green
development are crucial to achieving industrial sustainable
development.
Since China proposed green growth in the 12th five-years plan in
2011, many cities have been facing the challenge of green trans
formation. For resolving bottle problems caused by the environmental
problems and resources shortage from systematic view and achieving
urban sustainable development goal, Beijing has started the industrial
transformation that transferred extensive development mode to the
intensive one since 1980s. The industrial structure has changed to
“tertiary, secondary, primary” industrial pattern since 1994 from “pri
mary, secondary, tertiary” industrial pattern in 1970s. In addition,
driving by holding 2008 Olympic game, Beijing further focused on
managing the industrial system with environmental amelioration mea
sures. Furthermore, Beijing clearly proposed the green transformation of
industrial system by upgrading the industrial structure and raising the
efficiency of resources use in “the green action plan of Beijing from 2010
2
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5 discussed the main results and the limitations. The conclusions were
drawn in section 6.

inter-firm cooperation and policy choices.
For disclosing the symbiosis mechanism of industrial green growth,
some scholars explored the symbiosis mechanism by external factors
(cost, benefit and environment, so forth) and internal factors (self-or
ganization and synergy). They divided the formation types of symbiosis
into self-formation, planning, and combination, and considered self. or
combination patterns as more sustainable models (Chertow, 2007; Gibbs
and Deutz, 2007; Wang, 2002). According to the different phase of the
development, some scholars analyzed evolution paths of industrial
symbiosis network such as sprouting, uncovering, embeddedness and
institutionalization et al. (Zhao et al., 2016; Chertow and Ehrenfeld,
2012; Aston, 2009).
Benefit evaluation and optimal management are indispensable to
upgrade industrial ecosystem towards green development. Many re
searchers studied the environmental, economic and social benefit of
Industrial complexes and recycling networks by different methods such
as virtual quantification, thermodynamic, life cycle assessment, indica
tor system, input-output, ecological footprint, and ecological connec
tivity (Gertler, 1995; Nemerow, 1995; Fröhling et al., 2013; Dong et al.,
2013; Mattila et al., 2010; Park and Behera, 2014; Liang et al., 2015;
Yang et al., 2018). Some scholars have done some works on optimal
management ways from simulation, business models and indicators
(Romero and Ruiz, 2013; Cimren et al., 2011; Short et al., 2014). Some
IO based studies were mainly used to analyze the inter-industrial flows
of materials and energy at different levels such as urban, regional, and
global areas (Zhai, etc, 2018; Zhong, etc, 2018). In addition, based on
the flow analysis results, the corresponding researches were also used to
assess environmental influence, ecological efficiency and waste man
agement policies, etc (Towar, etc., 2020). However, there were a lack of
the researches with the primary aim to analyze green transformation of
an industrial system in the existing researches, studying the green
transformation of an industrial system by using IO table from a network
perspective has yet to be done.
These days, some researchers have begun to focus on the role of in
dustrial eco-network for fostering local sustainable development. Patala
et al. addressed how and what roles the eco-industrial network play in
advancing sustainability (Patala et al., 2014). Their research showed
that eco-industrial networks could facilitate to improve resource utili
zation. Martin discussed the role of symbiosis network for sustainable
development by environmental, economic and social complex assess
ment (Martin and Harris, 2018). Herczeg developed how the industrial
symbiosis influenced local sustainable development from supply chain
view and suggested to raise stability and resource efficiency of the
network by the dynamic inventory management of wastes (Herczeg
et al., 2018). Some researchers discussed green development of indus
trial parks and dynamic path of industrial green growth affected by five
subsystems including economy, population, environment, resources and
policy (Hou et al., 2019; Guo et al., 2018). Some scholars discussed the
pattern change of Beijing industrial system from economy view (Wu and
Jiang, 2010; Long et al., 2014). However, how to disclose industrial
green transformation from an industrial network perspective still has yet
to be discussed. It is imperative to explore a network-based approach for
knowing the industrial network change towards green transformation.

2. Literature review
As our study explores the industrial green transformation from
network perspective, the literature review in this section will focus on
the existing corresponding researches based on the network. Industrial
complex network theory and practices have appeared since 1970s.
Newerow suggested creating an “environmentally balanced industrial
complex” by establishing collocated businesses using wastes exchange in
1970s (Chertow, 2007). This suggestion provides a green growth way for
industrial development by industrial symbiosis. The first industrial
symbiosis system-Kalundborg was also formed based on wastes ex
change network in this period, which was considered as a paradigm of
industrial sustainable development on Rio conference in 1992 (Chris
tensen, 1992). Since 1989 Frosch and Gallopous proposed industrial
ecosystem with material recycling and network characteristics by
borrowing natural ecosystem principles, the corresponding researches
and practices entered into the blooming development period. In prac
tices, many countries such as America, China, Japan, Korean, British,
Canada and Australia and so forth began to make designed or sponta
neous industrial symbiosis development plans since then (Van et al.,
2009; Shi H et al., 2012; Paquin and Howard-Grenville, 2012; Shi L
et al., 2012). Meanwhile, the corresponding researches of the green
industrial system from a network perspective also made active progress
on many aspects such as function and characteristics, structure and
evolution, and assessment and management and so forth.
Many researchers have gone into corresponding network function
and characteristics researches for the industrial green growth since
1990s. In 1995, two Australia researchers discovered an industrial sys
tem with cyclic network characteristic that reduce resources consump
tion and wastes emission by wastes exchange between the enterprises
within a region (Schwarz and Steininger, 1997). At the same period,
another Australia researcher Wallner proposed an idea of the industrial
ecological cluster (Wallner, 1999). He thought that urban sustainable
development was a process that industries assemble and upgrade grad
ually until a complex network is formed. In such an industrial
ecosystem, there not only includes ecological industrial parks with
wastes exchange and energy cascade use but also includes all kinds of
harmony networks by the interaction between the social, economic and
environmental subsystems (Wallner and Narodoslawsky, 1995; Wallner
et al., 1996). In addition, many scholars analyzed industrial symbiosis
functions from environment and harmony perspectives (Maratia and
Emtairah, 2005; Lombardi and Laybourn, 2012). Given that network
characteristics influence the function and evolution of the industrial
system, some scholars discussed the characteristics such as diversity,
resilience, and stability, and their impacts on the network function
(Graedel, 1996; Wright et al., 2009; Chopra and Khanna, 2014; Wang
et al., 2013, 2018; Zhu and Ruth, 2013; Li and Shi, 2015).
As the network structure influences the function of the network, and
a certain scale of potential of materials exchange network is the pre
requisite for forming industrial symbiosis based on materials exchange
(Berkel, 2009). Therefore, more and more researchers have done some
researches on the structure of network for industrial green growth.
Handy and Graedel earlier found the possible non-positive correlation
relationship between the connectivity of industrial ecosystem network
and environmental performance by food network theory (Handy and
Graedel, 2002). It gave us a new insight to explore environmental per
formance of industrial system from network perspective. America
scholar Aston earlier explored how the relationship among firms
correlated with industrial symbiosis by social network analysis and
established a framework to assess the structure, function, and the dy
namic process of regional industrial network by complex network theory
(Aston, 2008, 2009). The results showed that the resources could be
organized in the ways that retain the system functionality through

3. Methodology
3.1. Approach framework
According to the definition of industrial green growth above, the
paper developed a network-based approach to analysis industrial tran
sition direction by the green transformation characteristics analysis and
network properties analysis. The general framework of the proposed
approach is shown in Fig. 1, which includes three steps: first, the
network model establishment based on the IO table; next, the properties
analysis of the network system by network analysis methods; last, green
transformation analysis from waste network and eco-efficiency
3
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Fig. 1. A network–based approach framework for analyzing industrial green transformation.

perspectives. Each of the analysis methods will be introduced in the
following sub-sections. Here, the paper took Beijing industrial system as
an example to establish network model. The industrial network with
waste recovery function is also named industrial eco-network.

denominator is the maximum possible value of the sum of differences
between maximum centrality value and other centrality values.
3.3.2. Block-model analysis
An industrial eco-network may include some subgroups with
different interaction intensity each other. Generally, the sectors in each
block have relatively stronger and closer relationship. For analyzing the
structure of industrial system, the block-model approach is used to
identify and analyze the subgroups change. It is based on the correlation
and “structural equivalence” to simplify complex network to some
blocks for the analysis, which uses the CONCOR based on convergence
of iterated correlations in UCINET software to measure (Liu, 2014). In
addition, the block density is used to analyze the interaction relationship
among the blocks.
Furthermore, in order to identify the subgroups with closer linking in
the network, here set 0.0179 as the threshold based on the cumulative
probability of 95% (Wang, 2015). The edges that their direct input co
efficients are less 0.0179 would be deleted. The binary network was
established based on the threshold. The sectors in the network were
classified by their interaction intensity. The core blocks can be identified
by block density and the sectors in the core blocks are also analyzed. The
subgroup with waste sector will be emphatically analyzed in section 4
for the green transition analysis.

3.2. Industrial network model
The input-output tables posed by Leontief in 1936 provided the data
basis for analyzing the industrial network. The IO tables exhibit the
relationship of materials or money flows between each industrial sector
by the matrix. The geometric characteristics of the relationship can be
described as the network structures that consisted of materials or money
flows between each industrial sector. The nodes are the sectors and the
edge is the linking line between each sector. The edge can be weighted
by using the input/output coefficient. Therefore, the industrial network
model can be established based on the IO tables and the data was
analyzed by using UCINET6.627 (Wang, 2015).
3.3. Industrial network structure analysis method
3.3.1. Whole eco-network analysis indicators
3.3.1.1. Network density. Network density is a ratio between the actual
number of connections and the possible maximum number of connec
tions in the network. In industrial eco-network, the bigger the value of
the density, the closer the relationship between the firms. Such rela
tionship shows the links between the firms is closer. The formula of the
density in binary network is following as (1) (Liu, 2014). Here, D is
density, L is the number of the existing connections, n is the number of
nodes, m of directed graph is 1, m of undirected graph is 2.
D=

mL
n(n − 1)

3.3.3. Waste network analysis method
Waste network is the network consisted of the waste sector and the
sectors that link with the waste sector by material flows. The network
exerts key influence on the industrial green transformation. For dis
closed the evolution of the waste network during the industrial trans
formation, the paper analyzed the change of its scale and density on the
time series. The scale here refers to the numbers of sectors that directly
connect with the waste sector. The changes of scale and density may
show the evolution of the waste network in the whole industrial network
(Wang and Shi, 2018). In addition, for analyzing the impact of waste
network on the resource flows, the paper choose the (in- or out-) weight
(strength) of a node as the indicator, which considers both the numbers
and weight of the nodes connecting to the objective node (Wang, 2015).

(1)

3.3.1.2. Network centralization. The centralization of a network is used
to measure whether or how strong the network is centralized by a node.
It measures the centralized degree of a whole network. For industrial
eco-network, it can be used to quantify the degree that the whole in
dustry depends on the core sector (Liu, 2014). It is expressed by the
following formula (2):
∑n
i=1 (Cmax − Ci )
∑
C=
(2)
max[ ni=1 (Cmax − Ci )]

3.4. Eco-efficiency analysis method
Eco-efficiency can be calculated by the ratio of economy output to
pollution emission or the ratio of economy output to input of resources
(Dahlstrom and Ekins, 2005). Along this line, this article defined
resource efficiency as the added value per unit resource use in industrial
system, and also defined environmental efficiency as the added value

Among them, the numerator is the sum of differences between
maximum centrality value and other centrality values, and the
4
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per unit pollutant discharge in industrial system. The followings are
their calculation formulas (Wang and Shi, 2018):
/
rij = vi R
(3)
ij
eik = vi/E

4. Results: application of the approach to a case study of Beijing
The article takes Beijing as an example for verifying the proposed
approach above. Since 1980s, Beijing industrial structure has been
optimizing and upgrading step by step for achieving the aim towards
green development. In 2016, the output value of the tertiary industry in
Gross Regional Product rose to 80.3% from the proportion less than 27%
in 1970s. However, whether the structure change exhibits the transition
direction towards green development still needs to be explored further.
Our study analyzed the transition direction of Beijing industrial system
by the proposed network based approach.
Based on the industrial eco-network of Beijing established by inputoutput tables, this section analyzed the change trend of the network
structure from 1997 to 2012 by using the indicators of density and
centralization. Given that wastes recycling use and eco-efficiency are the
key influence factors of green development, the wastes network was
mainly analyzed. The change trends of water resource eco-efficiency and
of solid waste environmental efficiency were also explored.

(4)

ik

Among them, rij is the eco-efficiency of sector i for using resource j,vi
indicates added value of sector i,Rij the direct input of resource j of sector
i;eik is the environmental efficiency of sector i with k pollution,Eik is the
direct emission quantity of k pollution from sector i.
As there are still some indirect connections in industrial eco-network
except direct connection, the article analyzed complete consumption/
emission coefficient by IO analysis method for finding the sectors with
large complete consumption/emission coefficient in industrial network.
The complete consumption/emission coefficient can be got from the
following formula:
B = A(I − A)−

1

(5)

B is the matrix of the complete input/out coefficient, A is the matrix
of direct input/out coefficient, (I − A)− 1 is the inverse matrix of Leontief.

Fig. 2. The classifications of industries and sectors.
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4.1. System boundary and data sources
The IO tables of Beijing were collected from the website of Beijing
Municipal Bureau of Statistics (Wang, 2015). The investigation range of
the IO table is Beijing municipality. The tables include the monetary
value-based IO tables from 1997 to 2012. Therefore, the system
boundary of this study is the administrative area of Beijing municipality.
The industrial sectors number or division in some of the tables is
different due to the different statistic period. There are 40 sectors in the
IO tables in 1997 and 2000, which the categories of sectors are the same.
There are 42 sectors in 2002, 2005, 2007, 2010, and 2012 IO Tables of
Beijing. However, the categories of sectors are different. Among them,
the categories of sectors in 2002 and 2005 are the same; the categories of
sectors in 2007 and 2010 go the same line. The categories of sectors in
2012 are slight different from the sectors in 2007 and 2010. Considering
there was no output for oil and nature gas exploitation in 2005, we
incorporate it into coal mining and dressing industry for calculating the
coefficient this year. For better identifying the dynamic rules of indus
trial sectors during the transition process, this article divided sectors in
IO tables into 8 industries according to the national industry classifi
cation and the classification of modern service industries (Fig. 2). Be
sides, the environmental IO table was also made by using the data of
water resource and solid waste data (Wang, 2015).
The data of direct use quantity of water for agriculture were collected
from Beijing water resources bulletin; The data of direct use quantity of
water for mining, manufacture, and electricity/thermal power/gas and
water supply industries were collected by the investigation in Beijing
Municipal Ecological Environmental Bureau; The data for construction
were got by the formula that construction area per year times water
quota per construction area; The data of water for services industry came
from collected officially published documents (Wang, 2015). In addi
tion, the data of direct emissions of industrial solid waste from 24 in
dustrial sections came from Beijing Municipal Ecological Environmental
Bureau.

Fig. 3. The density and centralization of Beijing industrial system from 1997
to 2012.

also appeared slight fluctuation affected by the industrial structure
transition after 2010. The centralization of the network went slight
upward from 1997 to 2005 and went sharp downward from 2005 to
2010 and went slight upward from 2010 to 2012. Such a big fluctuation
caused by the industrial structure adjustment of Beijing from 2005 to
2007. According to the national catalogue of industrial structure
adjustment (2005) and the Beijing catalogue of industrial structure
adjustment (2007), Beijing eliminated a number of industries with high
pollution and low efficiency during this period. Although there is a
fluctuation in centralization from 1997 to 2012, the total trend went
downward from 1997 to 2012. The centralization degree for industrial
eco-network was generally getting smaller and smaller during the
transformation period. That is to say, the influence from the core sector
to the industrial system was becoming weaker and weaker during the
period. The results revealed that the industrial system of Beijing was
developing towards diversification, which is benefit to maintain stability
of network.

4.2. The network model
Based on the IO tables from 1997 to 2012, the article used the
interaction relationship between sectors to construct the industrial econetwork model of Beijing, which is also called industrial ecosystem of
Beijing. In the network, the nodes are the sectors in the IO tables and the
edges (with weights) represent the tie between two sectors, which
weights are expressed by direct input coefficient. Based on IO theory,
direct input coefficient of j sector is defined as the direct input from i
sector for producing one unit product of j sector. It reflects the economic
and technological relationship between i and j sectors. It also shows
strong or weak of the relationship. In the multi-valued network, the
connection strength of nodes is different. The strength of a node can be
descripted by the sum of the weights of all the edges (ties) connected to
the node (Wang and Shi, 2018). To the directed network, the node
strength could be classified into out-weight and in-weight. For visuali
zation, here the multi-valued network was dichotomized into binary
network, which makes the matrix consisted of only 1 and 0. If the direct
input coefficients would not be zero, the values would be chosen as 1,
otherwise be 0.

4.4. Dynamic analysis of solid waste network
4.4.1. Density and in-/out-weight analysis
Waste network is a symbiosis network that consists of waste sector
and other sectors that have materials or energy exchange with the waste
sector. As the functions of waste sector are resources regeneration and
recycling use, which is considered as a green characteristic of industrial
development, waste network may play an important role in the green
transformation of industrial system. This section will analyze waste
sector development in the industrial eco-network of Beijing by the

4.3. Dynamic analysis of industrial eco-network
For illustrating the change of Beijing industrial eco-network from
1997 to 2012, the article use density and centralization to analyze the
dynamic trend shown in Fig. 3. For the density, the total change of the
industrial eco-network exhibited an upward trend from 1997 to 2012,
which include two phrases: the obvious upward trend from 1997 to 2007
and the slight down adjustment trend from 2007 to 2012. The results
indicate that the connection between industrial sectors generally
became closer and closer from 1997 to 2012. However, the connectance

Fig. 4. The density and scale of the waste network.
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indicators of scale, density and out-/in-weight from 1997 to 2012.
Fig. 4 shows that the scale and density of waste network generally
exhibit the continuously upward trend after 2000, which means that
more and more sectors connected with the waste sector of Beijing in
dustrial ecosystem and the connectance became more and more closer.
From symbiosis network perspective, it is likely that the symbiosis
network was forming by waste exchange and was playing more and
more important roles in this period. Meanwhile, due to the transition
influence, the trend of the scale change goes slight downward in 2012.
Fig. 5 shows that out-weight of the waste sector exhibits obvious in
crease trend, on the contrary, out-weight of the mining industry shows
sharp decrease trend. These trends illustrated that the role of the waste
sector being a resource supply sector was becoming stronger and
stronger from 1997 to 2012. It was gradually becoming the major sector
of resources supply instead of mining industry during 2005–2007. These
changes all showed that Beijing industrial system was transforming from
extensive pattern to green intensive pattern.
For further exploring the interaction rules between the waste sector
and other relative sectors, the input-output relationships between waste
sector and other sectors on time scale from 1997 to 2012 were analyzed
based on IO tables. The article drew the following results: (1) Waste
sector didn’t get any input from other sectors during 1997–2005. The
input to other sectors from waste sector all came from the stock in this
period. The main other sectors that got the input from the waste sector
included metal smelting and rolling industry, non-metallic mineral
products industry and chemistry industry et al. (2) The waste sector has
begun to get input from other sectors since 2007. The main sectors that
the waste sector got their inputs include waste products and waste
materials (waste sector), transportation and warehousing, and elec
tricity and heat product and supply et al. (3) In 2007, the sectors that got
inputs from waste sector begun including waste sector itself. These
findings might give a clue that waste network began to be booming
development from 2005 to 2007. Therefore, the industrial system of
Beijing has begun to be gradually transferring from the traditional
extensive development mode to the green development mode with
waste recovery during the period. These changes were driven by the
strategies that were made for the green Olympic Game in 2008, which
included ameliorating environmental quality by industrial structure
adjustment and waste management by reduce, reuse and recycle, etc.

the industrial eco-network of Beijing and got the results shown in Fig. 6.
From 2005 to 2012, the industrial network can be divided into 8 sub
groups that the sectors are varied (Table A.1). It exhibits resource
allocation was changing with the time and industries developed toward
diversification. The density of blocks shows the linking between each
sector in the block. The larger the density, the closer or more frequent
the links are. The density in row is the relatively density based on outcentrality between each sector and the density in column is the rela
tively density based on in-centrality (Liu, 2014). In industrial
eco-network, the subgroup that has larger relatively density comparing
each other subgroups in each row is considered as the core subgroup
with resource output. The subgroup that has larger relatively density
comparing each other subgroups in each column is the core block with
resource input and integrated utilization.
Fig. 6 shows that: from 2005 to 2012, the core subgroups with re
sources output are 05,04,04,02, which mining and manufacture in
dustries are the main sectors. Besides, from 2010, waste sector began to
appear in the core block with resources output, which showed that waste
sector began to be the important sector of resources output in the Beijing
industry eco-network. It also showed the tendency that industry econetwork was transferring to the green model with waste recycling use.
Therefore, the symbiosis network that the waste industry was the core
node has begun to form since 2010. From 2005 to 2012, through the
density of the column analysis, the results showed that block
03,05,07,06 were the core blocks with resources input and integrated
utilization. The main sectors consisted of the core blocks are commu
nication\computer\other electronic equipment manufacture, construc
tion industry, and comprehensive technology service industry et al.
These results revealed that the industrial system of Beijing was trans
forming to the green pattern by the construction of waste symbiosis
network and industrial structure adjustment.
4.5. Eco-efficiency analysis of industrial eco-network in Beijing

4.4.2. Block model analysis
Block model analysis is helpful to find the core subgroup and the
corresponding sectors. For exploring the relationship between waste
sector and the core subgroup, this section use the CONCOR to analyze

Eco-efficiency improvement is the prerequisite for green develop
ment. This section discussed the eco-efficiency change of industrial econetwork in Beijing. The purpose is to explore whether the change is
beneficial to promote the green development. To achieve the aim, the
following two points were discussed: Firstly, the change trends were
analyzed for the eco-efficiency of the direct water use of 8 industries and
for the environmental efficiency of industrial solid waste of 24 industrial
sectors; secondly, the sectors with hidden consumption or emission were
identified by comparing the direct and complete consumption
coefficients.

Fig. 5. The change trend of out-weight of the industries:
01 Agriculture, Forestry, Hunting and Fishing Industries; 02 Mining Industry;
03 Manufacture industry; 04 Waste products and waste materials; 05 Elec
tricity, heat, gas and water product and supply; 06 Construction industry; 07
Tradition services industry; 08 Modern services industry.

4.5.1. Water resource efficiency
Beijing is one of the cities that are facing serious shortage of water
resource. Its water resource quantity per capita is lower than 300 m3.
Knowing the water resource use situation of various industries will
actively facilitate effective management for water use by industries. The
article analyzed the change trend of water resource use efficiency of 8
industries in Beijing industrial network by the years of 2007, 2010 and
2012. The results were shown in Fig.A1:
Fig.A1 showed that: If removing the outlier of the waste sector in
2007, except manufacture and construction industries, the trends of the
water use efficiency of other industries all went upward from 2007 to
2012. The average value of water use efficiency also went upward from
2007 to 2012. These trends exhibit the clue of green transformation of
the industry. From direct use angle, modern service industry is the sector
that the efficiency of water resource use is the highest, while agricultureforest-fishing industry is the sector that the efficiency of water use is the
lowest. The efficiency of water use of some industries such as mining,
waste and manufacture industries were also lower. Therefore, Agricul
ture, Mining, Waste, and Manufacture industries were the industries that
the efficiency of water use needs to be given priority to be raised up in
this period.
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Fig. 6. The matrix of block density (Data shown in Table A.2).

Besides the direct water use, the indirect water use also needs to be
considered. It is necessary to analyze the hidden industries with big
complete consumption coefficient of water. Direct consumption coeffi
cient of water is the direct water use quantity per output of an industry.
Complete consumption coefficient of water is the sum of the direct and
indirect waster use quantity per output of an industry. The article
comparatively analyzed direct and complete coefficient of 8 industries
for identifying the hidden industries. The results shown in Fig. 7 exhibit
that agriculture-forest-hunting-fishing industry and manufacture in
dustries are the industries that have big numerical value in both direct
and complete consumption coefficient. They should be the prior in
dustries that need raise water use efficiency at first. Meanwhile,
although traditional and modern services have small direct water use
coefficient, their rankings in complete coefficient are 4 and 2 respec
tively. They are the hidden industries with big indirect water con
sumption coefficient. The key sectors that cause the indirect water use
had been discussed in our former paper (Wang and Shi, 2018). These
results showed that traditional and modern services as the hidden in
dustries with big indirect water consumption also should be priority to
concern for improving the efficiency of water use further.

4.5.2. Environmental efficiency of industrial solid wastes
The stress from industrial solid waste is getting worse with rapid
industrial development with linear mode. Industrial solid wastes are one
of the main sources of solid wastes in China. The production quantity of
industrial solid wastes accounted for about 39% of the total solid wastes
in Beijing in 2018, of which 31% were not reused or recycled. Improving
the environmental efficient of industrial solid waste is instrumental to
releasing wastes pressure and facilitates to transfer traditional industries
to a green mode. This section analyzed the change trend of the envi
ronmental efficiency of 24 Beijing industrial sectors such as mining and
manufacture sectors et al. by the year of 2005, 2007 and 2010. The
results were shown in Fig.A2.
In Fig.A2, from perspective of trend, nearly 75% sectors exhibit
upward tendency in the environmental efficiency. Therefore, generally
the tendency of environmental efficiency of industrial solid waste went
upward from 2005 to 2010, which is beneficial to the industrial green
transformation. The industries that the tendency appeared fluctuation
situation are: Textile, Garment, Shoes, Caps, Downs and Related Prod
ucts Industry; Petroleum Processing, Coking and Nuclear Fuel Process
ing Industry; Metal Smelting and Rolling Industry; Telecommunication,

Fig. 7. The direct (a)/complete (b) water consumption coefficient of Beijing industry in 2012 (unit: t/104CNY).
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Computer and Other Electronic Equipment Industry; Water Produce and
Supply Industry. In 2010, the two industries with the lowest environ
mental efficiency of industrial solid waste included metal mining and
dressing industry, and metal smelting and rolling process industry. The
sectors that their environmental efficiencies of industrial solid wastes
are lower than the average level of the whole industry in Beijing account
for about 29%, which included: Coal Mining and Washing industry;
Metal Mining and Dressing industry; Wood Processing and Furniture
Manufacture; Non-metallic Mineral Products Industry; Metal Smelting
and Rolling Industry; Electricity and Thermal Production and Supply;
Water Production and Supply. Decision makers could adjust their stra
tegies in time for future industrial development by the information
above.
For identifying the hidden sectors that affecting the environmental
efficiency of industrial solid waste, the section analyzed the direct and
complete coefficients of industrial solid wastes of Beijing industrial
system shown in Fig. 8. The results show that the sectors with big both
direct and complete coefficient are Metal mining and dressing as well as
Metal smelting and rolling process industries. The following sectors are
the sectors with big direct emission coefficient: metal mining and
dressing industry; metal smelting and rolling process industry; elec
tricity/thermal production and supply industry; and coal exploitation
and washing industry et al., which certainly are the key management
objects. Meanwhile, the sectors that have small direct emission coeffi
cient but big complete emission coefficient include: metal manufacture;
General/Special Equipment manufacture; Transportation equipment
manufacturing; Electrical machinery and equipment manufacturing in
dustry;
Communication/computer/other
electronic
equipment
manufacturing; Electricity and heat power production and supply,
which are all belong to the hidden industries with big indirect emission
coefficient. Their key sectors that cause the indirect emission had been
discussed in our former paper (Wang and Shi, 2018). These results
showed that these sectors with big direct emission coefficient and the
hidden sectors should be managed first by decision makers for
improving the eco-efficiency of industrial solid waste.

analyze the network structure that formed by the material flows among
the industrial sectors. It is useful to let decision makers know in time
whether the structure change facilitates the industrial green trans
formation. Secondly, our network-based approach provides a visible
tracing way to identify key sectors such as the sectors that influence the
input or output of resources in industrial system. In addition, the
network-based approach provides a means to disclose the change of the
important sub-networks such as the evolution of the waste network in
the industrial system. Furthermore, the network-based approach makes
it easy to analysis both direct and indirect sectors such as the sectors that
influence the eco-efficiency. These are benefit to help decision makers to
make targeted strategies for efficient and precise management of in
dustrial green transformation.
In contrast to the existing IO based research of an industry system,
our original points include the followings: (1) Different research aim, we
aim to the green transformation direction of an industrial system instead
of the metabolism of an industrial system in the existing researches. (2)
Different research angle, we focused on both the network structure
(waste network of the industrial system) and the characteristic (eco-ef
ficiency), however, the existing researches mainly focused on the interindustry material flows or the environmental and economic impact of
the flows.
From the case of Beijing industrial transformation, we got the
following interesting findings during the period from 1997 to 2012: (1)
Generally, Beijing industrial structure was changing towards diversifi
cation due to the industrial transition, which the density of the industrial
network showed the increasing trend but the centralization exhibited an
obvious downward trend during the study period. (2) Basically, the scale
and density of the waste network exhibited a definite increasing trend
after 2000. Based on the out-weight analysis, waste industry began to
replace mining and dressing industry as the key resource output industry
during the period from 2005 to 2007. These rules showed that the waste
network was developing and playing more and more prominent role. (3)
Waste industry began to appear in the core block of the industrial system
in 2010 by the block analysis. This result showed that waste network had
begun to exert important function for the industrial green trans
formation since 2010. From the network perspective, these three points
are the transition signals for Beijing industrial system towards green
development, which was supported by the strategies for the green
Olympic game in 2008 and the action plan of Beijing green development
from 2010 to 2012. (4) In general, water resource efficiency exhibited an
upward trend from 2007 to 2012. The environmental efficiency of in
dustrial solid waste also displayed an upward tendency from 2005 to
2010. These trends indicated that the industrial system was transferring
towards the green mode in this period. (5) Meanwhile, the hidden in
dustries with big indirect consumption or emission were identified.
These results help decision makers to track the transition direction and
discern main problems from an eco-network evolution perspective in
time so that they can adjust the strategies on time for the industrial green
transformation of Beijing.
Although the validity of our proposed approach has been verified by
the case, some limitations in the case study still exist. As limited by the
data, the research period only cover from 1997 to 2012. Especially for
resource and environmental efficiency, the data only covered the years
from 2005 to 2012. The extended trend analysis will be done with the
data acquirement in the future. In addition, we didn’t discuss carbon
emission et al. other characteristics and other IS network here due to the
limitation of words in length. It will be discussed in the future such as the
research on lower carbon transition for coping with climate change.
Furthermore, the assessment criteria and an information management
system with database are important to support the precise management
of industrial green transformation. They also should be discussed in the
future.

5. Discussion
Knowing the dynamic change of waste network and eco-efficiency of
industrial sectors are crucial to manage the industrial green trans
formation in a sustainable way because wastes recovery and resources
use with high eco-efficiency are the two prominent characteristics of
green development mode. Comparing the existing studies based on a
comprehensive index, our proposed network-based approach is a sig
nificant supplement for the studies on green transformation of industrial
system. The network-based approach has the following four advantages
to analyze the green transformation of the industrial system. Firstly, our
network-based approach can let decision makers not only know the
characteristics of green transformation of the industrial system but also

Fig. 8. The emission coefficients of industrial solid waste of Beijing in 2010
(unit: t/104 CNY).
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6. Conclusions

makers could make targeted strategies to adjust the transition direction
on time. Our network-based approach provides a way for decision
makers to understand the changes of industrial eco-efficiency and in
dustrial network structure in time, so as to help them manage industrial
green transformation precisely. The case study shows that decision
makers could timely and visibly know the evolution of the waste
network in the industrial system, identify key sectors that influence the
input or output resources in industrial system, as well as discern hidden
industries that influence the eco-efficiency. All this information are vital
for decision makers to track the green transition direction of the in
dustrial system and make aimed strategies for the timely and precise
management of industrial green transformation.
Industrial green transformation is a long term and complex dynamic
process, which need to be adjusted towards green development in time.
Therefore, decision makers need track the industrial development tra
jectory continuously so that the industrial system can keep the transition
towards green development direction by precise management. Although
our study provided an eco-network analysis based approach framework
to help them achieve the aim, there still exists some challenges such as
assessment standard and the efficient system of precise management and
so on. Thus, green criteria and the management information system
supported by big data and AI technology also need to be discussed in the
future.

Industrial green transformation is essential to the urban sustainable
development, which needs the support of both sufficient resources
supply and good environment. For helping decision makers to identify
and manage the direction of the industrial transformation towards green
development, the article proposed a network-based approach that fo
cuses on the analysis of both waste network and eco-efficiency, which
are the key factors for green industrial transformation. Comparing the
existing analysis methods for the industrial green transition, our
approach provides an eco-network-based insight so that decision makers
can track the industrial eco-network changes and make timely targeted
strategies to keep the industrial system towards green growth. There
fore, our work contributes to a network based analysis approach for the
efficient and precise management of industrial green transformation,
which is a significant complement to the existing methods of industrial
green transformation analysis.
The case study verified the effectiveness of the proposed approach.
From the case study, decision makers could know the following infor
mation that is important to the management for industrial green trans
formation: (1) The structure change of industrial network such as
density and centralization et al. The case showed that Beijing Industrial
system began to transform towards diversification after 2005. (2) The
evolution and roles of waste network. The case showed that the waste
network began to exhibit the potential to replace the mining industry to
be an important resources output sector during the period from 2005 to
2007. The waste sector began to enter in the core block in 2010, which
showed that waste network had begun to exert important function for
the industrial green transformation since 2010. (3) The change of ecoefficiency. The case showed that the eco-efficiency of Beijing industry
(water resources and industrial solid wastes) exhibited a general upward
trend from 2005 to 2012. Meanwhile, some hidden industries with lower
eco-efficiency were also identified. This provided a basis to discern the
key sectors that need to be supervised for improving the efficiency of
water use further. (4) The trend of industrial green transformation. The
case exhibited that Beijing industrial system was gradually transferring
towards green development with wastes network development and ecoefficiency improvement during the study period.
Currently industrial transformation towards green development ur
gently needs to turn high pollution industrial system to the green one
with high eco-efficiency by waste recycling system. Considering that
industrial structure transition is a complex and gradually changing
process, it is crucial to know the structure change in time so that decision
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Fig. A.1. Water resource efficiency of Beijing industrial system from 2007 to 2012 (unit:104Y/t).
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Fig. A.2. The environmental efficiency of industrial solid wastes of Beijing from 2005 to 2010 (unit:Y/t).

Table A.1
The block division of Beijing industrial system from 2005 to 2012
Blocks

Year of 2005

Year of 2007

Year of 2010

Year of 2012

1

Agriculture industry; Food
manufacture and tobacco processing
industry; Petroleum processing、
coking and nuclear fuel industry;
Health、social security and welfare
services.

Agriculture-forest-fishing-fishing
industries; Chemistry industry; Nonmetallic mineral products manufacture
industry; Metal products manufacture.

Agriculture-forest-hunting-fishing
industry; Textile industry; Paper making,
printing, and stationary and sport
related products manufacture industry;
Petroleum processing and coking and
nuclear fuel manufacture industry;
Other products manufacture industry;
Natural gas production and supply;
Water production and supply; Resident
services and repair and other services.

2

General/Special equipment
manufacture industry;
Transportation equipment
manufacture industry.

3

Communication equipment/
computer/other electric equipment
manufacture industry; Architecture
industry; Information dissemination
and computer service and software
industry; Wholesale and retail trade
industry; Real estate; Tourism;
Science Research and Integrated
technology; Other social services;
Education and public management
and social organization.
Accommodation and catering;
Finance and insurance; Rental and
business services and culture and
sport and recreation services.

Textile/Garment/Shoe/Hat/Leather/
Down products manufacture industry;
Wood processing and furniture
manufacture industry; Paper making,
printing, and stationary and sport
related products manufacture; Electrical
machinery and equipment manufacture;
Instrument and office used products
manufacture; Craft and other related
products manufacture; Water product
and supply; Resident and other services;
Coal mining and washing industry;
Petroleum and Natural gas extraction;
Metal mining and dressing industry;
Waste products and materials; Gas
production and supply.

Agriculture-forest-hunting-fishing
industries; Paper making and printing
and stationary and sport related
products manufacture; Chemistry
industry; Non-metallic mineral products
manufacture industry; Metal products
manufacture industry; Electrical
machinery and equipment manufacture
industry; Instrument and office used
machinery manufacture industry; Craft
and other related products manufacture
industry; Transportation and
warehousing industry; Wholesale and
retailed trade industry.
Textile/Garment/shoe/hat/leader/
down related products manufacture;
Wood processing and furniture
manufacture; Petroleum processing,
coking and nuclear fuel industry;
Electricity/thermo produce and supply;
Water produce and supply; Post/water
conservancy/environment/public
facilities management; Resident and
other services.
Coal mining and washing; Petroleum
and natural gas extraction; Gas
production and supply.

Coal mining products; Metal mining and
dressing industry; Metal products
manufacture industry; General/special
equipment; Electrical machinery and
facility and equipment manufacture
industry.

Non-metal and other minerals mining
and dressing; Textile industry;
Petroleum processing and coking and
nuclear fuel industry; Metal smelting
and rolling industry; Electricity/heat
production and supply.

Metal mineral mining and dressing
industry; Non-metal and other minerals
mining and dressing industry; Metal
smelting and rolling processing industry;
Waste products and materials.

Food production and tobacco processing
industry; General/special equipment
manufacture industry; Transportation
equipment manufacture industry;

Food production and tobacco processing
industry; Research and experience
services; Sanitation/social insurance/
social welfare services.

Non-metal and other minerals mining
and dressing industry; Textile/garment/
shoe/hat/leader/down related products
manufacture industry; Wood processing
and furniture manufacture industry;
Chemical products manufacture
industry; Non-metal mineral products
manufacture; Metal smelting and rolling
processing products manufacture
industry.
Food production and tobacco processing
industry; Transportation equipment
manufacture; Telecommunication/
computer and other equipment

4

5

Coal mining and washing industry;
Petroleum and natural gas
extraction; Wood processing and
furniture manufacture; Paper making

Petroleum and natural gas exploitation;
waste products and materials; Metal
products/machinery and equipment
repair services.

(continued on next page)
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Table A.1 (continued )
Blocks

6

7

8

Year of 2005

Year of 2007

and printing and stationary and
sports related products manufacture
industry; Instrument and office used
machinery manufacture industry;
Electricity/heat production and
supply; Transportation and
warehousing and post industry.
Textile industry; Garment/leader/
down and related products industry;
Metal products manufacture
industry; Electric machinery and
equipment manufacture industry;
other manufacture industries.
Metal mineral mining and dressing
industry; Non-metal mineral mining
and dressing industry; Waste
products and materials; Gas
production and supply
Chemistry industry; Non-metal
mineral production manufacture;
Metal smelting and rolling processing
industry.

Telecommunication/computer
equipment manufacture industry;
Construction industry.

Year of 2010

Year of 2012
manufacture industry; Water
conservancy/environment and public
facilities management and sanitation
and social work.

Research and experience service;
Integrated technology service;
Education/sanitation/social insurance/
social welfare services.
Transportation and warehousing; Post;
Accommodation and catering; Water
conservancy/environment and public
equipment management service; Culture
and sport and recreation service.
Information dissemination/computer
service and software services; Wholesale
and retail services; Finance service; Real
estate; Rental and business service;
Public management and social
organization services.

General/special equipment manufacture
industry; Transportation equipment
manufacture industry;
Telecommunication/computer
equipment manufacture industry;
Construction industry.
Information dissemination/computer
service and software service; Finance
service; Rental and business services;
Integrated technology service.
Accommodation and catering; Real
estate; Education/culture/sport/
recreation services; Public management
and social organization services.

Electricity/heat production and supply
industry; Architecture industry; Science
research and technology services.

Wholesale and retail services;
Information dissemination/software/
information technology services; Public
management and social insurance and
social organization services.
Transportation and warehousing; Post;
Accommodation and catering services;
Finance service; Real estate; Rental and
business services; Education and culture
and sports and recreation services.

Table A.2
The density matrix of the blocks
2005

2007

2010

2012

Blocks

1

2

3

4

5

6

7

8

1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8

0.083
0
0.045
0
0.344
0.150
0.188
0.333
0.333
0.063
0.7
0.550
0
0
0.1
0.042
0.189
0.167
0.267
0.475
0.033
0.05
0.075
0.06
0.054
0.417
0.036
0.063
0.075
0
0
0

0
0.500
0.045
0
0.375
0.500
0.375
0.500
0.219
0.071
0.125
0.175
0
0
0
0
0.067
0.069
0.148
0.111
0
0.056
0.056
0
0
0
0
0
0
0
0
0

0.045
0.227
0.255
0.545
0.818
0.382
0.045
0.242
0
0
0
0.040
0
0
0
0
0.033
0.148
0
0.167
0
0
0
0
0.018
0.429
0.238
0.190
0.029
0
0.048
0

0.188
0
0.136
0.417
0.594
0.150
0.063
0
0
0
0.440
0.150
0
0
0.040
0
0
0.056
0
0.333
0
0
0
0
0.229
0.556
0.048
0.2
0
0
0
0.024

0.094
0.188
0.023
0.063
0.161
0.150
0.156
0.042
0.8
0.650
0.280
0.520
0.150
0.050
0.080
0.200
0.533
0.148
0
0.25
0
0
0.083
0.067
0.275
0.4
0.343
0.367
0.05
0
0.133
0.029

0
0.100
0
0
0.050
0.150
0.150
0.200
0.688
0.469
0.05
0.400
0.200
0.167
0.300
0.125
0.825
0.389
0.083
0.625
0
0.250
0.063
0
0.625
0.333
0.619
0.444
0.067
0
0.222
0.524

0
0
0
0
0
0
0
0
0.1
0.325
0.08
0.360
0.080
0
0.150
0.100
0.725
0.528
0
0.188
0.250
0.313
0.667
0.45
0.333
0.333
0.095
0
0.133
0.111
0.333
0.619

0.333
0
0.061
0
0.375
0.067
0.833
0.333
0.208
0.667
0
0.267
0.067
0.208
0.767
0.433
0.280
0.489
0.067
0.200
0.133
0
0.2
0.3
0.571
0.333
0.061
0.095
0.086
0.048
0.095
0.571
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