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Urban infrastructure is a necessary condition for urban development. Its use generates three benefits which are economic, social,
and environmental benefits of urban infrastructure. They are the positive impacts on urban economy, society, and environment
generated by the use of urban infrastructure, respectively.This paper evaluates the coupling coordination among these three benefits
taking four Chinese autonomous municipalities as examples. These four cities have large-scale urban infrastructure but its basic
function has not been fully fulfilled. Whether three benefits of urban infrastructure have been developed in harmony or not was
unclear. We analyzed the coordinated development among three benefits by constructing coupling coordination degree model and
studied the impacts of three benefits on their coupling coordination degree using panel regression model. The results showed that
the levels of coordinated development among three benefits of urban infrastructure were low in these four cities and the impact of
social benefit on their coordinated development was largest. Therefore, urban infrastructure social benefit needs to be improved
mainly in these four cities.

1. Introduction

With the acceleration of urbanization in recent years, many
Chinese cities have initially established an integrated urban
infrastructure system. This system provides the basic sub-
stance guarantee for the development of urban economy [1–
3]. At the same time, the construction of urban infrastructure
changes urban living conditionwhich is beneficial to promote
the development and progress of society [4, 5]. In addition,
urban infrastructure has positive influence on the protection
of urban ecological environment [6–8]. Therefore, the use
of urban infrastructure has important impact on urban
economic, social, and environmental systems.

The economic, social, and environmental benefits of
urban infrastructure are the positive impacts on urban
economy, society, and environment generated by the use of
it respectively. Many scholars have used plenty of methods to
study these impacts. Urban infrastructure economic benefit
is the positive influence of infrastructure on urban economic

development via external effect and spillover effect [9, 10].
The construction of urban infrastructure promotes the devel-
opment of other industries and increases urban GDP [11–
13] which is helpful to raise the levels of fiscal revenue of
urban government [13, 14] and consumption expenditure
of urban inhabitants [15, 16]. The well-conditioned urban
infrastructure attracts the investment by reducing production
and transportation cost [17, 18]. The establishment of urban
infrastructure is also conducive to urban export [19, 20].

Urban infrastructure social benefit is the positive func-
tion of urban infrastructure in the process of promoting
urban social progress. Urban social progress refers to not only
the rapid development of urban economy but also the com-
prehensive development of urban residents.The construction
of urban infrastructure is beneficial for recruiting new work-
ers and raising employment rate [21–24].The increase of labor
demand raises the wage level of employed persons which is
helpful to add the disposable income of urban population. In
addition, the perfect urban infrastructure has positive impact
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on the health of urban inhabitant and the development of
education which has important influence on social progress
[25, 26].

Urban infrastructure environmental benefit is the impact
of urban infrastructure on protecting urban natural ecolog-
ical environment. Some scholars held that the development
of green infrastructure is a strategically important process for
the creation of ecologically friendly urban environment, as
well as for the satisfaction of socioeconomic needs of city
dwellers without harming the nature [27]. Other scholars
assessed the environmental impacts of sanitation infras-
tructures such as sewer infrastructure and waste collection
system through Life Cycle Assessment [28, 29]. Urban green
infrastructure can also mitigate urban warming [30, 31]
and improve air quality by reducing the concentrations of
nitrogen dioxide and particulate matter [32, 33].

In summary, the positive impacts of urban infrastructure
on economy, society, and environment are obvious. More-
over, different benefits of urban infrastructure can affect
each other. Increasing urban infrastructure economic benefit
promotes the raise of urban income level and improves urban
living conditionwhich is helpful to raise its social benefit.The
increase of urban economic and social development levels
is beneficial to add the investment on urban infrastructure
and improve its technology level which has positive impact
on the protection of urban natural environment. The raise
of urban infrastructure environmental benefit is conducive
to attract investment and beautify residential environment
which promotes the improvements of its economic and
social benefits. Therefore, urban infrastructure economic,
social, and environmental benefits should be emphasized
equally and developed in harmony. Urban infrastructure
benefit will be raised only if these three benefits are well
coordinated.

Nevertheless, the comprehensive evaluation of urban
infrastructure benefit was relatively scarce. Some previous
researches also referred to the whole benefit of urban infras-
tructure but they studied one of three benefits of urban
infrastructure such as its economic benefit or environmental
benefit [34, 35]. Others evaluated three benefits of one kind
of urban infrastructure such as urban public transportation
infrastructure and analyzed their coordinated development
level [36]. Fewer scholars studied the relationship among
three benefits of urban infrastructure. More suitable indexes
and more reliable methods are required to achieve a more
scientific and comprehensive understanding of urban infras-
tructure benefit. This paper takes four Chinese autonomous
municipalities, which are Beijing, Tianjin, Shanghai, and
Chongqing, as examples to analyze the coupling coordination
among different benefits of urban infrastructure. They are
the more developed regions in China. Their investment and
construction scales of urban infrastructure are giant and
increasing quickly year by year. But its basic function has
not been fully fulfilled in these four cities. Whether these
three benefits of urban infrastructure have been developed
in harmony or not was unclear. Therefore, this paper tries to
study the coordinated development among these three bene-
fits of urban infrastructure in these four cities and analyze the
impact of each benefit on their coordinated development. A

comprehensive approach of analyzing the coordinated devel-
opment among three benefits of urban infrastructure was put
forward in this study [35, 36].The evaluation indicator system
would be established according to the relevant theories and
previous studies at first. It reflected the content of urban
infrastructure benefit more comprehensively and objectively.
Then coupling coordination degree model was applied to
evaluate the coordinated development level among three
benefits of urban infrastructure. It was a useful approach for
measuring interactive effect among systems.Then the impact
of each benefit on coupling coordination degree among three
benefits of urban infrastructure was studied using panel
regression model. One important aspect of this approach
was the integration of many techniques to analyze urban
infrastructure benefit.The capability of analyzing the realistic
problems of special regionswhilemaking use of available data
was its another important feature. It was helpful to realize
the interaction among three benefits and the impact of each
benefit on it.

The rest of this paper is organized as follows. Sec-
tion 2 constructs the evaluation indicator system of urban
infrastructure benefit and introduces the techniques used
in this paper. The results of empirical analysis are revealed
in Section 3. Section 4 discusses this result. And Section 5
summarizes the main conclusions and provides the policy
implications.

2. Methodology

2.1. Evaluation Indicator System

2.1.1. Three Benefits of Urban Infrastructure andTheir Coordi-
nated Development. The main content of urban infrastruc-
ture economic benefit in this paper refers to the impact
of urban infrastructure on urban economic system. Many
scholars have proved that core infrastructures such as
transportation, energy, water, post, and telecommunication
have important influence on economic development [37–41].
Urban economic system can be decomposed into four parts
which are consumption, investment, government purchase,
and external demand according to the national economic
identity in macroeconomics theory. The impacts of urban
infrastructure on these four parts are named as consumption
effect, investment effect, government purchase effect, and
external demand effect respectively [34]. These four effects
constitute urban infrastructure economic benefit in this
paper.

The principal content of social benefit refers to social
progress and comprehensive development of human.Accord-
ing to the Human Development Index (HDI) which was
presented by the United Nations Development Program
(UNDP), the comprehensive development level of human is
mainly measured by the levels of income, health, and edu-
cation. Therefore, urban infrastructure social benefit mainly
refers to the impacts of urban infrastructure on the levels
of urban inhabitant income, health, and education. Many
kinds of urban infrastructures such as transportation, energy,
water, and telecommunication have positive influences on



Mathematical Problems in Engineering 3

income growth by increasing employment [21–24].The use of
urban infrastructure is beneficial to urban inhabitant health.
Some of them provide the basic condition for improving
urban inhabitant health such as health, energy, water, and
environmental infrastructures [25, 26, 42, 43]. Transportation
infrastructure raises inhabitant health level by reducing the
occupancy of traffic accidents and the emission of pollutants
[44, 45]. Telecommunication infrastructure is also helpful to
inhabitant health by spreading health information [46]. The
well-conditioned urban infrastructure ensures the operation
of schools which is beneficial to enroll many students [47–
49]. It is conducive to raise the level of urban inhabitant
education.

Urban infrastructure environmental benefit mainly
emerges from the use of urban sanitation and environmental
infrastructures. It can be decomposed into three aspects.
Firstly, urban sanitation infrastructure has the function of
controlling pollution. It collects and disposes urban daily
waste intensively which reduces the negative impact of waste
on urban natural environment. We can name this aspect
as treating waste effect. Secondly, urban public green space
and park raise urban green plant coverage ratio. The green
plant is helpful to reduce the concentration of pollutants and
hazardous substances in the urban air. This aspect can be
named as purifying air effect. Thirdly, urban public green
space and park can reduce heat island effect and regulate
climate through decreasing temperature and humidity. We
can name it as regulating climate effect. These three effects
constitute urban infrastructure environmental benefit [35].

The utilization level of urban infrastructure is highly
related to the relationship among these three benefits. Their
coordinated and synchronized development is helpful to raise
thewhole level of urban infrastructure benefit.Otherwise, the
rise of urban infrastructure benefit will be prevented by the
uncoordinated development of its three benefits. Specially,
three benefits of urban infrastructure are interconnected
and interactive. Firstly, urban infrastructure provides the
fundamental condition for urban economic growth and is
the basis of urban economic development. The level of urban
infrastructure economic benefit not only determines the level
and quality of urban economic development but also has
impact on some indicators of social development such as
employment, income, health, education, and so on. When
the level of urban infrastructure economic benefit is raised,
many industries of economic system can provide more jobs
to increase the levels of urban employment and income.
The increase of urban economic development is beneficial to
add the investment on the fundamental public service which
is helpful to improve urban medical condition and living
environment and refine the supply of educational resources.
It is conducive to raise the levels of urban public health and
education which helps to promote the progress of urban
society. At the same time, improving urban infrastructure
social benefit is also helpful to raise the level of its economic
benefit. The construction of urban infrastructure provides
many jobs for urban dwellers and raises the level of their
income which is beneficial to stimulate urban consumption.
The increase of urban consumption means the expansion of
urban market demand. It can attract the investors to enlarge

the scale of urban investment. In addition, the perfect urban
infrastructure improves the levels of urban public health
and education. It provides the necessary human capital for
urban development and strengthens the potential of urban
development which accelerates the development of urban
economy. Therefore, urban infrastructure economic benefit
and social benefit affect each other interactively.

Secondly, raising the level of urban infrastructure envi-
ronmental benefit mainly depends on enlarging the scale of
urban sanitation and environmental infrastructures and rais-
ing their technology level andutilization efficiency. It is highly
related to the levels of urban infrastructure economic benefit
and social benefit. The improvement of urban infrastructure
economic benefit means that the quality of urban economic
development is increased. On the one hand, the raise of urban
economic development level can increase the input on urban
sanitation and environmental infrastructures, especially their
technology levels, to increase their utilization levels which is
beneficial to protect urban natural environment effectively.
On the other hand, increasing the quality of urban economic
development is helpful to decrease the consumption of urban
natural resources and energy. It helps to reduce the level of
urban environmental pollution and raise the level of urban
environmental protection. The raise of urban infrastructure
social benefit strengthens the potential of urban development
to achieve urban sustainable development which has positive
impact on the protection of urban environment. Meanwhile,
the raise of urban infrastructure social benefit promotes the
increase of urban social civilization level and improves urban
overall appearance. It is helpful to raise the level of urban
environmental protection.

Thirdly, raising the levels of urban infrastructure eco-
nomic benefit and social benefit is also highly related to
the improvement of its environmental benefit. The rise of
urban infrastructure environmental benefit not only provides
the excellent living condition for urban inhabitants but also
creates the perfect circumstance for investors which is helpful
to increase the scale of urban investment. The improvement
of urban natural environment is beneficial to attract the
inflow of external population which helps to increase the
demand of urban consumption. It is conducive to raise the
level of urban consumption. The level of urban income
will be raised correspondingly. In addition, promoting the
increase of urban infrastructure environmental benefit can
raise the level of urban public health by improving residential
environment.

In a word, urban infrastructure economic, social, and
environmental benefits are interdependent and interactive.
The level of one of three benefits has an obvious impact on the
levels of the other two.Therefore, the utilization level of urban
infrastructure can be improved only if the developments of
these three benefits are coordinated. The development of
one of them stops or delays prevents the developments of
the other two. It is unfavorable to the increase of the whole
benefit of urban infrastructure. Therefore, the coordinated
development of urban infrastructure economic, social, and
environmental benefits refers to the state of mutual influence,
common development among them. The level of their coor-
dinated development is vital to the utilization level of urban
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infrastructure and has an important influence on the whole
development of urban infrastructure benefit.

2.1.2. Construction of Evaluation Indicator System. According
to the content of urban infrastructure economic, social, and
environmental benefits, this paper designed an evaluation
indicator system which comprised 54 indicators to evaluate
urban infrastructure benefits of four cities (Table 1). It was
composed of three levels.The first one was the attribute level,
second was dimensional level, and third was indicator level.
Each indicator reflected the impact of urban infrastructure
on urban economic, social, and environmental systems so
that it contained two parts which were urban infrastruc-
ture and urban economic, social, and environmental sys-
tems.

Urban infrastructure included transportation, energy,
water, post and telecommunication, health, environmental,
and sanitation infrastructures. Transportation infrastructure
contained urban internal transportation and external trans-
portation. Urban internal transportation mainly referred to
urban bus and rail transit whose scale could be reflected by
their traffic operatingmileages and operating vehicles. Urban
external transportation contained railway, highway, river,
seaport, air, and so on. Here we selected railway operating
mileage and highway operating mileage as the indicators of
urban external transportation because these two transport
modeswere themajor ways of external transportation.There-
fore, the traffic operatingmileage was the sum of themileages
of urban bus, rail transit, railway, and highway. It reflected
the scale and construction level of urban transportation
infrastructure. The traffic operating vehicle was the sum of
operating vehicles of urban bus and rail transit. These two
indicators were selected as the indicators of urban trans-
portation infrastructure. Energy and water infrastructures
contained gas supply pipeline, heating supply pipeline, power
generation, water supply pipeline, and so on. Considering
the realistic situation of four Chinese autonomous munic-
ipalities, this paper selected water and gas supply pipeline
and total power generation as the indicators of urban energy
and water infrastructures. And this paper chose the number
of post and telecommunication bureau and the number of
telephone subscribers at the end of year as the indicators
of post and telecommunication infrastructures. They stood
for the scale of built post and telecommunication bureau
and the usage amount of telecommunication infrastructure
separately. Urban sanitation infrastructure was represented
by household waste hazard-free treatment factory, polluted
water treatment factory, and special vehicle for urban appear-
ance and sanitation. They were used to remove urban waste
and polluted water and sweep urban street respectively. The
area of garden green space in built-up area was selected as
the indicator of urban environmental infrastructure. And
the number of beds in hospitals represented the ability of
providing medical services which was the indicator of health
infrastructure.

The indicators of four parts of urban economic system
would be chosen in the following section. Firstly, household
final consumption expenditure was chosen as the indicator of
consumption. This indicator reflected the final consumption

demand of urban residents. Secondly, the investment level
was expressed by gross capital formation. This indicator
showed the total amount of capital which could form
investment capability. Thirdly, the government purchasing
power was the basis of government consumption which
finally resulted in the consumption expenditure of govern-
ment. Thus, government final consumption expenditure was
selected as the indicator of government purchase. Finally,
this paper chose net export of goods and services as the
indicator of external demand. The well-conditioned urban
infrastructures could raise the production capacity of the city
and facilitate its connection with other regions which was
helpful to expand its export.

Next the indicators of three parts of urban social system
would be selected. Urban inhabitant income level could be
represented by disposable income per capita. It reflected the
living standard of urban residents to a certain extent. The
rise of health level demonstrated the extension of average
life expectancy which meant the decrease of death rate of
population. The death rate of population was selected as the
indicator of urban inhabitant health level. Raising the level of
educationwas primarily achieved by enrollingmore students.
Here the number of student enrollments of regular higher
education school was regarded as the indicator of urban
inhabitant education level. And it showedurban development
potential in the future.

Last the indicators of three parts of urban environmental
system would be chosen. The level of treating waste was
indicated by urban household waste hazard-free treatment
rate, urban sewage treatment rate, and urban area under
cleaning program.They reflected the ability of treating waste
of urban sanitation infrastructure. The effectiveness of puri-
fying air could be shown by the excellent rate of air ambient
quality and daily average levels of pollutants such as partic-
ulate matter, NO2 and SO2. And regulating climate mainly
involved decreasing temperature and humidity. Therefore,
its level would be represented by urban average annual
temperature and relative humidity. The levels of purifying air
and regulating climate were impacted by the change of the
area of garden green space in built-up area.

2.1.3. Calculation Method of Each Indicator. As the amount
of urban infrastructure changes, its benefit will also undergo
changes. The value of each indicator should show its change
degree along with the change of urban infrastructure. It will
reflect how significantly urban infrastructure impacts each
indicator. Consequently, according to the elastic calculation
formula in economics, the calculating method of each indi-
cator is shown by the following formula:

𝐸𝑓𝑓𝑒𝑐𝑡𝑖,𝑡 = Δ𝑌𝑖/𝑌𝑖,0Δ𝑋/𝑋0 = (𝑌𝑖,𝑡 − 𝑌𝑖,0) /𝑌𝑖,0(𝑋𝑡 − 𝑋0) /𝑋0 (1)

where Yi,0 represents the observed value of the ith indicator
of economic, social, or environmental system in initial year
and Yi,t represents it in year t; X0 represents the amount of
urban infrastructure in initial year and Xt represents it in
year t; Effecti,t is the impact of urban infrastructure on the
ith indicator of economic, social, or environmental system
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Table 1: An evaluation indicator system for urban infrastructure benefit.

Level 1 Level 2 Level 3

Economic
benefit (U1)

Consumption
effect (U11)

Consumption effect of traffic operating mileage (U111)
Consumption effect of traffic operating vehicle (U112)

Consumption effect of length of water and gas supply pipeline (U113)
Consumption effect of total power generation (U114)

Consumption effect of the number of post and telecommunication bureau (U115)
Consumption effect of the number of telephone subscribers at the end of year (U116)

Investment effect
(U12)

Investment effect of traffic operating mileage (U121)
Investment effect of traffic operating vehicle (U122)

Investment effect of length of water and gas supply pipeline (U123)
Investment effect of total power generation (U124)

Investment effect of the number of post and telecommunication bureau (U125)
Investment effect of the number of telephone subscribers at the end of year (U126)

Government
purchase effect

(U13)

Government purchase effect of traffic operating mileage (U131)
Government purchase effect of traffic operating vehicle (U132)

Government purchase effect of length of water and gas supply pipeline (U133)
Government purchase effect of total power generation (U134)

Government purchase effect of the number of post and telecommunication bureau (U135)
Government purchase effect of the number of telephone subscribers at the end of year (U136)

External demand
effect (U14)

External demand effect of traffic operating mileage (U141)
External demand effect of traffic operating vehicle (U142)

External demand effect of length of water and gas supply pipeline (U143)
External demand effect of total power generation (U144)

External demand effect of the number of post and telecommunication bureau (U145)
External demand effect of the number of telephone subscribers at the end of year (U146)

Social benefit
(U2)

Income effect (U21)

Income effect of traffic operating mileage (U211)
Income effect of traffic operating vehicle (U212)

Income effect of length of water and gas supply pipeline (U213)
Income effect of total power generation (U214)

Income effect of area of garden green space in built-up area (U215)
Income effect of the number of telephone subscribers at the end of year (U216)

Income effect of number of beds in hospitals (U217)

Resident health
effect (U22)

Resident health effect of traffic operating mileage (U221)
Resident health effect of traffic operating vehicle (U222)

Resident health effect of length of water and gas supply pipeline (U223)
Resident health effect of total power generation (U224)

Resident health effect of area of garden green space in built-up area (U225)
Resident health effect of the number of telephone subscribers at the end of year (U226)

Resident health effect of number of beds in hospitals (U227)

Development
potential effect

(U23)

Development potential effect of traffic operating mileage (U231)
Development potential effect of traffic operating vehicle (U232)

Development potential effect of length of water and gas supply pipeline (U233)
Development potential effect of total power generation (U234)

Development potential effect of area of garden green space in built-up area (U235)
Development potential effect of the number of telephone subscribers at the end of year

(U236)
Development potential effect of number of beds in hospitals (U237)
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Table 1: Continued.

Level 1 Level 2 Level 3

Environmental
benefit (U3)

Treating waste
effect (U31)

Level of household waste hazard-free treatment of household waste hazard-free treatment
factory (U311)

Level of urban sewage treatment of polluted water treatment factory (U312)
Level of road sweeping and cleaning of special vehicle for urban appearance and sanitation

(U313)

Purifying air effect
(U32)

Level of excellent rate of air ambient quality (U321)
Level of average daily particulate matter (U322)

Level of average daily NO2 (U323)
Level of average daily SO2 (U324)

Regulating climate
effect (U33)

Level of average annual temperature (U331)
Level of average annual relative humidity (U332)

in year t. It indicates how much the change percentage of
each indicator of urban economic, social, and environmental
systems is when urban infrastructure changes 1%. In other
words, it means the impact of urban infrastructure on each
indicator of these three systems.

The required data mainly came from China Statistics
Yearbook 2004-2016 and the Yearbook 2004-2016 of every
city. Here this paper took the data of year 2003 as the base
when calculating the change rate of each variable.This makes
the index value of each year be calculated under the same
standard. It also can avoid the severe fluctuation of the
indicator's value owing to the different base period data.

2.2. The Overall Process of Empirical Analysis. As in previous
studies [35, 36], the overall process of analyzing the coupling
coordination among three benefits of urban infrastructure
contains three steps in this paper. Firstly, the indexes of three
benefits of urban infrastructure are calculated to evaluate
their levels. Secondly, the coupling coordination degree
among three benefit is calculated according to the values of
three benefits.Thirdly, the influences of three benefits on their
coupling coordination degree is investigated.

2.2.1. Calculation of Urban Infrastructure Benefit Index.
Before evaluating the level of urban infrastructure benefit,
the weights of all of the indicators should be determined.
This paper adopts the entropymethod to calculate the weight
of each indicator. Generally speaking, the entropy which
is used in the field of economy and management refers to
the information entropy and is the measure of the system's
disorder state. It is commonly believed that the value of
information entropy which means the variation degree of
each indicator is proportional to the equilibrium degree of
the system structure. The higher the variation degree is, the
greater the weight of the indicator is. Three benefits of urban
infrastructure varied in these four cities from 2004 to 2015.
The larger the change range of indicator’s value was, the larger
its impact on the level of urban infrastructure benefitwas.The
weight of each indicator reflects the impact of its value on the
level of urban infrastructure benefit. Therefore, the weight of
each indicator is calculated according to its entropy value.The
detailed steps are as follows.

Step 1. Standardize the indicators by the standardized
method. Different data has different measurement and mag-
nitude. In order to eliminate the influence of dimension and
magnitude, the raw data need to be standardized using the
following formulas:

𝑌𝑖𝑗 = 𝑋𝑖𝑗 −min {𝑋𝑗}
max {𝑋𝑗} −min {𝑋𝑗} , (2)

𝑌𝑖𝑗 = max {𝑋𝑗} − 𝑋𝑖𝑗
max {𝑋𝑗} −min {𝑋𝑗} . (3)

where Xij is the observed value of the jth indicator in year
i; max{𝑋𝑖𝑗} is the maximum observed value; min{𝑋𝑖𝑗} is
the minimum observed value; Yij is the normalized value.
When the increasing value of indicator raised the level of
urban infrastructure benefit, formula (2) is applied. When
the decreasing value of indicator raised the level of urban
infrastructure benefit, formula (3) is applied. In this paper, the
values of all of the indicators of resident health effect, purify-
ing air effect, and regulating climate effect are calculated by
formula (3) except forU321. The values of other indicators are
calculated by formula (2).

Step 2. Calculate the proportion of the jth indicator value in
year i:

𝜛𝑖𝑗 = 𝑌𝑖𝑗∑𝑚𝑖=1 𝑌𝑖𝑗 , (4)

where 𝜛𝑖𝑗 represents the proportion of the jth indicator value
in year i.

Step 3. Calculate the information entropy of each indicator
and the redundancy degree of the information entropy:

𝑒𝑗 = − 1
ln𝑚

𝑚∑
𝑖=1

(𝜛𝑖𝑗 × ln𝜛𝑖𝑗) . (5)

𝑑𝑗 = 1 − 𝑒𝑗, (6)
where ej is defined as the information entropy of the jth
indicator; 0 ≤ ej ≤ 1, dj is the redundancy degree of the
information entropy.
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Step 4. Calculate the weight:

𝑤𝑗 = 𝑑𝑗∑𝑚𝑗=1 𝑑𝑗 , (7)

where 𝑤𝑗 is the weight of the jth indicator.

Step 5. Calculate the urban infrastructure benefit index:

𝑆𝑏𝑒𝑛𝑒𝑓𝑖𝑡,𝑖 = 𝑛∑
𝑗=1

𝑤𝑗𝑌𝑖𝑗, (8)

where Sbenefit,i is the urban infrastructure benefit in year i.

2.2.2. Coupling Coordination DegreeModel. This paper intro-
duces the concept of coupling in physics to calculate the
coupling degree of three benefits of urban infrastructure in
these four cities [50–53]. Coupling refers to the dynamic
relationship which is mutually influenced among different
systems. Coupling degree reflects the correlation degree
among systems.Themore the linkages among systems are, the
larger the correlation degree is. There are many interactions
among three benefits of urban infrastructure. Their coupling
degree could impact the whole level of urban infrastructure
benefit. But in some cases it does not tell the synergies
among systems.The coordination degree is used to reflect the
synergies among systems [51–53]. Therefore, this paper will
construct a coupling coordination degree model to analyze
the coordinated development degree among three benefits
of urban infrastructure. The coupling coordination degree
model is given in the following formulas:

𝐻 = √𝐶 × 𝑆𝑏𝑒𝑛𝑒𝑓𝑖𝑡. (9)

𝐶 = [ 𝑈1 × 𝑈2 × 𝑈3(𝑈1 + 𝑈2 + 𝑈3)3]
1/3

. (10)

𝑈𝑙𝑖 =
𝑝∑
𝑗=1

𝑤𝑗𝑌𝑖𝑗, (11)

where H represents the coupling coordination degree and𝐻 ∈ (0, 1); C represents the coupling degree among three
benefits; Uli represents the level of lth benefit in year i; p is
the number of the indicators at the next lower level of lth
benefit. In this paper, U1, U2, and U3 represent economic
benefit, social benefit, and environmental benefit of urban
infrastructure, respectively.

The coordinated development levels of different systems
were divided into ten classes according to the values of cou-
pling coordination degree [51]. The discriminating standard
is shown in Table 2.

2.2.3. Panel Regression Model. The coupling coordination
degree among three benefits of urban infrastructure shows
the coordinated development level among three benefits.
Therefore, generally speaking, the coupling coordination
degree is influenced by the levels of these three benefits. Once

Table 2: Discriminating standard of the class of coupling coordina-
tion development.

H class
0.000-0.100 Extremely unbalanced development
0.101-0.200 Seriously unbalanced development
0.201-0.300 Moderately unbalanced development
0.301-0.400 Slightly unbalanced development
0.401-0.500 Barely unbalanced development
0.501-0.600 Barely balanced development
0.601-0.700 Slightly balanced development
0.701-0.800 Moderately balanced development
0.801-0.900 Favorably balanced development
0.901-1.000 Superiorly balanced development

the level of one benefit changes, the proportional relationship
among these three benefits will be altered correspondingly.
It will further affect their coordinated development level. In
a word, the change of anyone of three benefits will exert an
impact on their coupling coordination degree which results
in the change of their coordinated development level. So
how much are these three benefits impact on their coupling
coordination degree is also an issue worthy of in-depth study.

In order to analyze the impacts of three benefits on their
coupling coordination degree, panel regressionmodel should
be established. The model is shown as follows:

𝐻𝑖,𝑡 = 𝛼0 + 𝛼1𝑈1𝑖,𝑡 + 𝛼2𝑈2𝑖,𝑡 + 𝛼3𝑈3𝑖,𝑡 + 𝜀𝑖,𝑡, (12)

whereHi,t is the coupling coordination degree of city i at year
t ; U1i,t, U2i,t, and U3i,t represent the economic benefit, social
benefit, and environmental benefit of urban infrastructure of
city i at year t respectively; 𝛼0 represents constant term and
the parameters𝛼1,𝛼2, and𝛼3 represent the elasticity estimates
of H with respect to U1, U2, and U3 respectively.

3. Results

3.1. Changes of Benefit Index Value. We standardized the
indicators by formula (1) or (2) at first. Then we calculated
the weight of each indicator using the entropy method. The
weight of each effect was calculated by adding up the weights
of its indicators at the next lower level.Then theweight of each
benefit was calculated by adding up the weights of all of its
effects.The results were displayed in Tables 3 and 4. As shown
in Table 3, the weight values of these effects have no obvious
difference in different cities except for a few of them. The
values in Table 4 indicated that the weight of environmental
benefit was lowest in all of these four cities. The weight of
economic benefit was largest in Beijing and Chongqing and
that of social benefit in Tianjin and Shanghai. The highest
weight values of three benefits of four cities were between
0.4 and 0.5 except that of Tianjin whose highest weight value
was higher than 0.5. The lowest weight values were smaller
than 0.2 except for that of Beijing whose lowest weight value
was larger than 0.2. The results revealed that the differences
among the weights of three benefits were large in these four
cities.
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Table 3: Weights of urban infrastructure benefit indicators of four cities (2004-2015).

Indicator Beijing Tianjin Shanghai Chongqing
Consumption effect (U11) 0.0935 0.0778 0.0887 0.0766
Investment effect (U12) 0.0908 0.0841 0.0909 0.0954
Government purchase effect (U13) 0.0981 0.0850 0.0842 0.0908
External demand effect (U14) 0.1200 0.1216 0.0764 0.1892
Income effect (U21) 0.1006 0.1456 0.1315 0.1674
Resident health effect (U22) 0.0758 0.1711 0.1847 0.0462
Development potential effect (U23) 0.1937 0.2043 0.1792 0.1898
Treating waste effect (U31) 0.0531 0.0344 0.0771 0.0389
Purifying air effect (U32) 0.1430 0.0425 0.0300 0.0692
Regulating climate effect (U33) 0.0315 0.0335 0.0573 0.0365

Table 4: Weights of three benefits of urban infrastructure of four cities (2004-2015).

Indicator Beijing Tianjin Shanghai Chongqing
Economic Benefit 0.4023 0.3685 0.3402 0.4519
Social Benefit 0.3701 0.5211 0.4954 0.4034
Environmental Benefit 0.2276 0.1104 0.1643 0.1446

The levels of urban infrastructure benefit of four cities
were calculated by formula (7). As illustrated in Figure 1,
all of these four cities showed obvious decrease trends of
the levels of urban infrastructure benefit except for a few
of years. The value of urban infrastructure benefit index
of Beijing was lower than 0.5 except for 2005 and that of
Tianjin was smaller than 0.4 except for 2004. Its values were
also lower than 0.4 in Shanghai and Chongqing except for
2004. The results indicated that all of these four cities should
improve their levels of urban infrastructure benefit in the
future.

In addition, Figure 1 revealed the change trends of three
benefits of urban infrastructure in four cities from 2004 to
2015. There were several interesting findings that could be
found according to the trends shown in Figure 1. Firstly,
three benefits of each city have not always appeared in the
same change trends. For example, the economic benefit of
Beijing appeared in different change trend four times and
its environmental benefit two times from 2004 to 2015.
Three benefits of other three cities appeared in different
change trends in many years. Secondly, three benefits of
each city have experienced several severe changes from 2004
to 2015. Beijing underwent severe increases of social and
environmental benefits in 2005 and then experienced their
serious decreases in 2006. The economic and social benefits
of Tianjin decreased severely in 2005. Shanghai experienced
evident change of economic benefit in 2005, 2006, and 2014
and decrease of social benefit in 2005. The environmental
benefit of Chongqing appeared in larger change in 2005
and 2007 and its social benefit decreased obviously in 2005.
Thirdly, the level of each benefit has significant difference
among these four cities. The values of economic and social
benefits of Beijing were higher than them of other three cities
in most years. And the value of environmental benefit of
Tianjin was totally higher than them of other three cities in
most years.

3.2. Coupling Coordination Degree among Three Benefits of
Four Cities. As revealed in Figure 2, the coupling coordi-
nation degrees among three benefits of urban infrastruc-
ture displayed different change trends in four cities from
2004 to 2015. But all of their values were lower than 0.5.
According to the discriminating standard of the class of cou-
pling coordination development in Table 2, the coordinated
developments among three benefits of these four cities were
all at the levels of unbalanced development from 2004 to
2015. These results showed that the levels of coordinated
development among three benefits were low in these four
cities. Four cities all have the problem of uncoordinated
development among three benefits of urban infrastructure.
It was unfavorable to the increase of urban infrastructure
benefit.

3.3. Result of Panel Regression. Table 5 showed the descriptive
statistics of the variables in the model. To examine the
stability of the variable sequences, we must test whether the
variables in the model have unit root at first. Fisher-ADF test,
Fisher-PP test, and IPS test are the three main test methods
which are widely used [54, 55]. Therefore, this paper applied
them to conduct the panel unit root test. Table 6 showed the
results of panel unit root tests by these three methods. The
results showed that all of the variables were stationary series
at first difference level.

Then the bivariate-cointegrated relationship between
each benefit and dependent variable was examined. Accord-
ing to the results shown in Table 7, there was a cointegration
relationship between each benefit and coupling coordination
degree among three benefits at different confidence levels.
In addition, the cointegration relationship between coupling
coordination degree among three benefits and all of the
explanatory variables was checked by theKAOpanel test [55].
The result was revealed in Table 8 which demonstrated the
significance of ADF test statistics. Therefore, it was certainly
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(d) Chongqing

Figure 1: Urban infrastructure benefits of four cities.

Table 5: The statistical description of the variables used in the analysis.

Variable N Min Max Average Standard variation
Coupling coordination degree (H) 48 0.2526 0.4693 0.3355 0.0442
Economic benefit (U1) 48 0.2654 0.7299 0.4228 0.1209
Social benefit (U2) 48 0.1000 0.7992 0.3357 0.1546
Environmental benefit (U3) 48 0.1518 0.8278 0.3301 0.1695

Table 6: Results of panel unit root tests.

Series Fisher ADF Fisher PP IPS
Constant Trend and Constant Constant Trend and Constant Constant Trend and Constant

Levels

H 30.2362∗∗∗ 19.0808∗∗ 29.0712∗∗∗ 24.6614∗∗∗ -4.2044∗∗∗ -2.0741∗∗∗
U1 17.6232∗∗ 21.3026∗∗∗ 17.4442∗∗ 39.7420∗∗∗ -1.8874∗∗ -2.7089∗∗∗

U2 33.4052∗∗∗ 17.2087∗∗ 42.8772∗∗∗ 50.6987∗∗∗ -4.5573∗∗∗ -1.9947∗∗

U3 22.9888∗∗∗ 34.5616∗∗∗ 12.3602 34.5286∗∗∗ -2.7217∗∗∗ -6.7449∗∗∗

First difference

H 36.6378∗∗∗ 25.8390∗∗∗ 47.2893∗∗∗ 48.8948∗∗∗ -5.7703∗∗∗ -2.3682∗∗∗

U1 40.0063∗∗∗ 33.4023∗∗∗ 55.6334∗∗∗ 62.5841∗∗∗ -5.8070∗∗∗ -4.3860∗∗∗

U2 32.4436∗∗∗ 22.3941∗∗∗ 59.2405∗∗∗ 48.7459∗∗∗ -4.3216∗∗∗ -2.1093∗∗

U3 51.7019∗∗∗ 41.8429∗∗∗ 64.4322∗∗∗ 52.4095∗∗∗ -10.8196∗∗∗ -7.0836∗∗∗

Note: Lags are all selected automatically by AIC and SC standard.
∗Means significant at confidence level 10%.
∗∗Means significant at confidence level 5%.
∗∗∗Means significant at confidence level 1%.
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Table 7: Testing for bivariate-cointegration between coupling coordination degree and each effect.

Test statistics Economic benefit (U1) Social benefit (U2) Environmental benefit (U3)
Panel v-Statistic -0.2340 -0.3739 1.0294
Panel rho-Statistic -3.7702∗∗∗ -2.1613∗∗ -1.4915∗

Panel PP-Statistic -14.4577∗∗∗ -4.4487∗∗∗ -4.1896∗∗∗

Panel ADF-Statistic -3.6428∗∗∗ -2.9157∗∗∗ -1.2241
Group rho-Statistic -1.3989∗ 0.5700 -0.5653
Group PP-Statistic -9.8327∗∗∗ -4.2708∗∗∗ -4.4439∗∗∗

Group ADF-Statistic -3.0833∗∗∗ -2.7978∗∗∗ -0.9734
Note: Lags are all selected automatically by AIC and SC standard.
∗Means significant at confidence level 10%.
∗∗Means significant at confidence level 5%.
∗∗∗Means significant at confidence level 1%.

Table 8: Kao panel cointegration test.

Panel of four
cities

ADF test
statistics

Residual
variance

HAC
variance

Probability
value

-3.0100 0.2173 0.0422 0.0013
Note: H0, there is no cointegration relationship between the variables. H1, there is a cointegration relationship between the variables.
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Figure 2: Coupling coordination degree of three benefits of urban
infrastructure in four cities.

believed that the cointegration relationship between variables
existed at the significance level of 1 percent.

Next the type of panel model will be chosen. The panel
model usually contains three types which are mixed effects
model, fixed effects model, and random effects model. The
methods of selecting the type of panel model include the
likelihood ratio test and the Hausman test. The likelihood
ratio test is used to select between mixed effects model and
fixed effects model. If the P-value of the F-test statistic is
smaller than the given significance level, the fixed effects
model will be chosen.Otherwise, themixed effectsmodel will
be selected.TheHausman test is used to choose between fixed
effects model and random effects model. If the P-value of its
statistic is less than the hypothetical significance level, we will
build the fixed effects model; if not, the random effects model
will be applied. We employ the likelihood ratio test to choose
between mixed effects model and fixed effects model at first.
If the mixed effects model is rejected, the Hausman test will
be used to select between fixed effects model and random
effects model. For this case, the results of the Hausman test

Table 9: Panel data model selection.

Test type
Likelihood ratio test 2.4863∗∗
Hausman test 4.3833
Model Type RE
Note: FE is fixed effects model.∗∗∗Means significant at confidence level 1%.

Table 10: Panel regression model estimation results.

Variables
Economic benefit (U1) 0.3177∗∗∗
Social benefit (U2) 0.8804∗∗∗
Environmental benefit (U3) 0.3753∗∗∗
Constant 0.0843
R2 0.9282
Adjusted R2 0.9228
F-statistic 172.3358∗∗∗
Sum squared residuals 2.9446
S. E. of regression 0.2713
D. W. 2.4151
Obs. 144
Individuals 4
Note: ∗∗∗Means significant at confidence level 1%.

and the likelihood ratio test suggested that random effects
model should be used to analyze the impacts of three benefits
on coupling coordination degree among them in four cities
(Table 9).

The estimation results were shown in Table 10, which
showed that the impacts of three benefits were statistically
significant. The result of F-test indicated the significance of
the model. All of the regression coefficients were positive
meant that three benefits were all positively related to their
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coupling coordination degree. The elasticity of social benefit
was greatest (0.8804), indicating that a 1% increase in the
level of social benefit would lead to 0.8804% increase in
coupling coordination degree among three benefits when
other factors kept constant.The elasticity of economic benefit
was smallest (0.3177). The results revealed that social benefit
was the main contributor to increase coupling coordination
degree among three benefits of four cities and environmental
benefit is the second and economic benefit is the least.
Promoting the progress and development of urban society
is the fundamental function of urban infrastructure. The
difference among the elasticity of three benefits was obvious.
It showed that the impacts of three benefits on coupling
coordination degree among them were different.

4. Discussion

This paper analyzed the relationship among three benefits of
urban infrastructure in four Chinese autonomous munici-
palities and compared them. Moreover, the impacts of three
benefits on their coupling coordination degree were studied
in this paper. The research results showed that the coordi-
nated development of three benefits of urban infrastructure
has some problems in these four cities and the impacts of
three benefits on it were different.

Generally speaking, this paper has twomain findings.The
first finding was that the levels of coordinated development
among three benefits of urban infrastructure were low in
these four cities. The result indicated that the impacts of
urban infrastructure on economy, society and environment
were obviously different. Three benefits of urban infrastruc-
ture often appeared bigger distinction. It also coincided with
the fact that the change trends of three benefits were different
in these four cities. In recent years, the contradiction among
economic, social and environmental systems was highlighted
in these four cities. Although the investment of urban
infrastructure was continually rising, the function of urban
infrastructure has not been shown sufficiently. Some kinds
of urban infrastructure were excessive while others were not
enough. The structure of urban infrastructure did not satisfy
the demand of urban development. The ability of urban
infrastructure to promote the coordinated development of
economy, society, and environment needs to be increased
continually in the future.

The second one was that the impact of social benefit was
largest on coupling coordination degree among these three
benefits. As important public goods, urban infrastructure is
a basic condition to the development of urban society. It
provides the fundamental guarantee for human development.
Human development is regarded as the main manifestation
of social progress. Raising the level of human development
is helpful to strengthen the capability of human which is
the fundamental demand of economic development. At the
same time, the raise of economic and social development
level is beneficial to reduce the consumption of resources
which is helpful to protect natural environment. The results
of this paper proved that the raise of urban infrastructure
social benefit was helpful to promote the improvement of

other two benefits which resulted in the more coordinated
development of these three benefits in these four cities. It
generally confirms the universal knowledge that one of the
basic functions of urban infrastructure is promoting social
progress.

5. Conclusion and Policy Implications

In conclusion, the results suggested that the levels of coor-
dinated development among three benefits of urban infras-
tructure were low in these four cities and the impact of its
social benefit on their coordinated development was largest.
Therefore, urban infrastructure social benefit needs to be
improved mainly in these four cities.

This paper proposes the following policy implications.
First, four cities should strengthen the function of urban
infrastructure in the process of social development. The
development of urban infrastructure should satisfy the need
of urban social development.The rapid development of urban
infrastructure leads to the increase of labor demand. It is
beneficial to raise the levels of employment and average wage
which further promotes the raise of urban living quality
and social progress. Four cities should highly pay attention
to this point. In the future, the related agencies of urban
infrastructure should add their jobs and enhance their wage
levels.Moreover, urban infrastructure should adopt advanced
technology to reduce its emission of pollutants. Urban
environmental infrastructure should raise its capability of
absorbing contaminant in the air. It is helpful to purify urban
ecological environment which results in the improvement
of residential health situation. The well-conditioned urban
infrastructure provides excellent service and circumstances
for the daily operation of high school. It is beneficial to enroll
more students into high school which raises the education
levels of these four cities.

Second, economic and environmental benefits of urban
infrastructure also should be valued highly. Developing
urban economy and protecting natural environment are
also the main goals of building urban infrastructure. Four
cities should highly emphasize the correlation between urban
infrastructure and economic system and mainly raise the
productive efficiency of transportation, energy, water, and
telecommunication infrastructures. Their market-oriented
operations should be insisted from now on. In addition,
four cities should enlarge the scale of urban environmental
infrastructure and increase its input. For example, four cities
could establish the minimum standard of urban green area to
ensure the supply of urban green infrastructure. The related
agencies of urban environmental infrastructure should carry
out strict supervision and management.

Last, four cities should attach importance to the propor-
tion among different benefits of urban infrastructure. Eco-
nomic, social, and environmental benefits of urban infras-
tructure organically constituted the whole urban infrastruc-
ture benefit.Their development levels should close in general.
And their performances must be controlled and regulated
strictly. In addition, the structure of urban infrastructure
should fit the demand of urban development. Four cities
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should amplify the construction of urban infrastructure
which is short. In these ways, the gap among different benefits
of urban infrastructure can be narrowed.

This approach can be further improved by incorpo-
rating more suitable indicators and using more advanced
techniques. The indicators of urban infrastructure can be
extended to intangible infrastructures such as education,
social security, and so on. These infrastructures provide the
fundamental service and also have obvious benefits. The
levels of urban economic, social, and environmental systems
can be represented by other appropriate indicators. With
the integration of disciplines, more advanced techniques can
be introduced to the research of urban infrastructure. The
comprehensive analysis of urban infrastructure benefit will
be further discussed and deepened. In addition, this approach
can be adjusted to fit the context of rural, provincial, national,
and international infrastructural benefit.
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