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Introduction: At present, the rapid growth of social and economic development
has also brought great challenges to the development of regional resources and
environment. With the deepening of the concept of sustainable development,
the coordinated development of regional resources, environment and economic
growth has attracted more and more attention. The coordinated development
of resources, environment and economic growth is not only the engine of
industrial growth, but also the accelerator to promote industrial transfer and
optimal allocation of resources, which has injected a strong impetus into
social development. However, with the continuous upgrading of the industrial
structure, environmental pollution, unbalanced economic development, resource
shortage and other problems have gradually emerged in various important
development areas.

Methods: In order to effectively solve this dilemma, this paper takes the
Beijing-Tianjin-Hebei region (BTH) as an example, based on the analysis of
the current situation of the economic and environmental development of BTH
region and the influencing factors, combined with the background of low-carbon
economy (LCE), effectively studies the coordinated development of its resources,
environment and economic growth. In order to verify the effectiveness of low-
carbon economic development, this paper, based on the actual development
data of BTH region, tests the three dimensions of economic benefit index,
environmental benefit index and emission reduction efficiency index.

Results: The results show that the average environmental benefit index of 13
cities in the BTH region after the implementation of the target is about 0.457. The
average benefit index before the implementation of the target was about 0.449.

Discussion: From the final results of the test, it can be seen that the development
of low-carbon economy has strong feasibility for promoting the coordinated
development of regional resources, environment and economic growth.

regional resources and environment, economic growth, low-carbon economy, Beijing-
Tianjin-Hebei region, coordinated development

1. Introduction

With the progress and development of the times, the process of industrialization and
urbanization in various regions has also been accelerating. This has brought significant
economic growth, but also brought many problems such as environmental pollution and
ecological damage. In this context, it is difficult to coordinate the development of regional
resources, environment and economic growth, which has a serious impact on the future
healthy development of the region. In order to promote the coordination of resources,
environment and economic growth, this paper takes the BTH region as an example.
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The BTH region has a large population, high economic strength
and development potential, and unique geographical location,
scientific and technological talents and resource advantages. It
has an important strategic position in promoting the coordinated
development of social economy. However, as an important
economic hinterland around the Bohai Sea, the ecological problems
in BTH region are also very prominent. This has had a
serious impact on its future development. Therefore, promoting
the coordinated development of BTH regional resources and
environment and economic growth, and realizing the improvement
and optimization of its ecological environment are the primary
tasks of the current regional development. With the continuous
popularization of sustainable development theory, the concept of
LEC development has been put forward and has become one
of the development concepts in many industrial fields, such as
manufacturing industry, energy industry, chemical industry, and
so on. Taking low carbon economy as the development goal, giving
full play to the resource advantages of BTH region and realizing the
comprehensive renovation of the development environment have
important practical value for the coordinated development of BTH
regional resources and environment and economic growth.

With the implementation of the ecological concept, the
coordinated development of resources, environment and economic
growth has become the focus of many scholars. Zhao Linlin
has built a regional ecological synergy measurement model to
scientifically evaluate the dynamic evolution of BTH regional
ecological synergy level from 2006 to 2018. The results showed
that improving the ecological synergy effect can create new growth
impetus for the sustainable development of BTH regional economy
(Zhao and Zhang, 2021). Sun Jing believed that the relationship
between economic growth, urbanization and environmental quality
has always been an important issue of sustainable development.
In order to discuss the relationship between the three, he selected
the panel data of 31 provinces in China from 2004 to 2015, and
used the spatial Durbin model to conduct a spatial correlation
test. He found that urbanization and economic growth would
aggravate environmental pollution, but economic growth can
alleviate environmental pollution in neighboring provinces (Sun
et al., 2019). Khan Syed Abdul Rehman examined the potential
relationship between environmental performance and sustainable
economic growth in ASEAN countries. The structural formula
model was used to test the hypothesis. The results showed that
the use of renewable energy in logistics can not only improve the
sustainability of the environment, but also create a better national
image and provide better export opportunities in environmentally
friendly countries to promote sustainable economic growth
(Khan et al., 2020). Schroeder Patrick identified the relevance
of Circular Economy (CE) practices to the achievement of
Sustainable Development Goals (SDGs). Through literature review,
he confirmed the matching results of the relationship between CE
practice and SDG, and indicated that CE practice may directly
contribute to the realization of a large number of sustainable
development goals (Schroeder et al.,, 2019). At present, the research
on economic growth and environmental optimization has been
relatively mature, but with the complex changes in the social
development environment, it still needs to be discussed from
different objectives and perspectives.
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LEC, as an important goal of the current regional development,
plays an important guiding role in the green development of
urban economy and environment. Khan Muhammad Kamran
investigated the impact of natural resources, financial development
and economic growth on the ecological footprint of Malaysia
from 1980 to 2019 using the dynamic simulation autoregressive
distribution lag method. Finally, based on the research results,
a comprehensive policy framework was proposed to enable the
Malaysian economy to achieve the SDG goal (Khan et al., 2021).
Umar Muhammad used a multivariable system to investigate
the relationship between China’s environmental emissions and
economic growth, globalization and other factors from 1980 to
2017. The results showed that economic growth and natural
resources have a positive impact on environmental emissions,
which is of great significance for achieving sustainable economic
development (Umar et al., 2020). The practical significance of the
development goal of LEC has been fully explored and proved.
However, most of the current research focuses on its theoretical
significance, in order to carry out in-depth research in combination
with the actual situation of regional development.

In order to alleviate the problems of environmental pollution
and low ecological benefits in BTH region, this paper has carried
out an in-depth study on the coordinated development of regional
resources and economic growth in combination with the LCE
development goal, According to the analysis model in this paper,
the economic benefit index, environmental benefit index and
emission reduction efficiency index of the cities in the BTH region
before and after implementing the LEC targets were compared.
After the implementation of the target, from the perspective of
economic and environmental development benefits, the benefit
index of each city in BTH region has increased, and the economic
and environmental development space of each city has been
greatly improved. In addition, from the perspective of the benefit
index of emission reduction, the total energy consumption and
pollutant emissions of cities in the region have been effectively
controlled. From the comparison of development data before and
after the implementation of the objectives, it can be seen that the
coordinated development of regional resources, environment and
economic growth in the context of low-carbon economy in this
paper is more ideal, and has a unique role and practical significance
in promoting the healthy development of various regions.

2. Coordinated development of
resources, environment, and
economic growth in
Beijing-Tianjin-Hebei region

2.1. Overview of Beijing-Tianjin-Hebei

regional economy, resources and
environment

2.1.1. Definition

The BTH region consists of Beijing, Tianjin and Hebei
Province, as shown in Figure 1. Beijing is in a leading position
in the process of development in all aspects (such as economy,
culture, technology, etc.). It has a strong economic force, a relatively
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FIGURE 1
Legend of Beijing-Tianjin-Hebei region.

complete industrial system, and a large international aviation hub
and a radiation hub for civil aviation. Its overall strength is very
strong. As a modern industrial metropolis, Tianjin is not only an
important economic center in the northern region, but also an
important base for machinery industry, modern manufacturing
industry, service industry and polymerization industry. At the same
time, it is also one of the most developed regions in import and
export trade. Hebei province, as a coastal province, surrounds
Beijing and Tianjin, and its economic level also has a certain
foundation. Relying on its own characteristics and advantages, it
has built a barrier in Tangshan for agricultural product processing,
raw materials and heavy mechanical equipment manufacturing,
energy storage and transportation, and ecological protection,
which has accelerated the construction of Tangshan’s modern
coastal metropolis.

Environment is defined relative to a system or core thing. In
the system of human production and life, the external part related
to human can be regarded as the human environment. Regional
resources are environmental factors that can create economic
value under specific conditions. They are mainly used to improve
people’s current development and future development welfare.
Therefore, natural elements such as soil, water, and the natural
space composed of these elements are collectively referred to
as regional resources. In a broad sense, regional resources and
environment include not only resources that can directly generate
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economic benefits, but also natural factors that can indirectly
generate economic benefits.

The optimization of regional resources and environment
refers to a comprehensive concept to improve and control the
environment, realize the coordinated development of natural
ecosystem and human production and life, and maintain the
human production environment by means of internal hierarchical
mechanism control and instruction of administrative organs,
taxation, fines, and the consciousness of the masses and enterprises.
The development of regional resources and environment involves a
wide range of fields and has a high degree of complexity. It is based
on the external impact of the environment and will not change
due to the division of administrative regions. The coordinated
development of regional resources environment and economic
growth is based on human survival and development, and aims to
promote the coordinated development of human and nature.

Economic growth means that the market’s ability to supply
diverse economic commodities to the masses has been greatly
improved. The development of this capability depends on the
continuous progress of advanced technology and the continuous
adjustment of supporting systems and concepts. Sustainable
economic growth must be based on sustainable ecological capacity,
social justice and people’s active participation in decision-making.
Its purpose is to realize all kinds of reasonable needs of people,
and achieve green economic growth and protection of resources
and environment while promoting the overall development of
individuals (Hickel and Kallis, 2020).

Under the development of sustainable concept, the relationship
between resources and environment and economic growth
is becoming closer and closer (Tomislav, 2018). Economic
development has a promoting effect on resources and environment;
Resources and environment can also change the mode of economic
development to a certain extent, and improve human requirements
for quality of life and environmental quality. On the whole, the
coordinated development of the two has a beneficial impact on the
realization of the goal of sustainable development (Bali Swain and
Yang-Wallentin, 2020).

2.1.2. Development status
2.1.2.1. Economic development

The advantaged geographical advantages provide favorable
conditions for the economic development of the three places in
BTH region, and also facilitate the trade exchanges among the
three places. The transportation facilities of the cities in BTH
region have been gradually improved, providing perfect supporting
services for their own development, and further promoting the
coordinated development of the BTH regional economy. The
completion of Xiong’an New Area has played an important role in
promoting the economic development of BTH region. Generally,
the economic development speed of a region can be measured
by the development index of a region. As shown in Figure 2, the
development index of the BTH region showed a steady upward
trend from 2017 to 2021, and changed from rapid development to
relatively slow development, which indicates that the BTH region is
not only pursuing the speed of development, but also paying more
attention to the quality of development. Although the development

frontiersin.org


https://doi.org/10.3389/fevo.2023.1181990
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Wang
Development index change m Results
160 1389
140 128.9 131.2 :
115.6 R
5 120 :
=
= 100
s
g 80
g
< 60
3z
a 40
20
0
2017 2018 2019 2020 2021
Particularly years
FIGURE 2
Development index of BTH region in 2017-2021.

speed of BTH is relatively slow at present, with the maturity and
deepening of BTH’s synergy strategy, there is still much room for
its economic development.

However, although the coordinated economic development
strategy has promoted the sustainable growth of BTH’s regional
economy and accelerated its industrial upgrading, there are still
large differences between the economic development of BTH, the
Yangtze River Delta and the Pearl River Delta. Compared with
the other two regions, the output efficiency of BTH region is
still low. This is mainly because the industrial division of BTH
region is not reasonable, and most of the production factors are
concentrated in Beijing, forming an industrial cluster. However, the
industrial clusters in Hebei province are mainly concentrated on
inefficient resources in Beijing, resulting in vicious competition in
BTH region. This not only makes the regional economy difficult
to concentrate on development, but also restricts the sustainable
economic growth of BTH region.

2.1.2.2. Environmental development

BTH region is one of the most prominent areas where
the contradiction between ecological environment and economic
development is prominent. Its ecological and environmental
problems have aroused great attention in the whole region and
even in the whole society. Although the BTH region has issued
corresponding environmental protection policies in recent years,
from the perspective of relevant data and actual environmental
benefits, the environmental governance efficiency of the cities
in the BTH region is still relatively low, especially in reducing
industrial emissions.

2.1.3. Influencing factors
2.1.3.1. Unbalanced regional development

The economic development level of the three major regions
in BTH is directly related to the effectiveness of regional
Hebei
develops heavy industry. Compared with Beijing and Tianjin,

environmental protection and governance. mainly
its economic development level is low. In addition, under the

objective development needs of economy and environment,
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Hebei has restricted the sustainable growth and resource and
environment development of BTH region to a certain extent.
At present, the development outline has clearly proposed to
promote the coordinated development of the BTH regional
economy and build the capital economic circle, which also
represents that the coordinated development of the BTH regional
economy has entered a substantive stage. However, its economic
sustainable development and regional resources and environment
contradictions still exist, and the problems such as obvious
economic differences and blocked factor flow have not been
significantly improved.

2.1.3.2. Non-standard industrial transfer

While industrial transfer and industrial structure adjustment
promote industrial clusters and industrial division in the region,
there are also serious regional environmental pollution and the lack
of long-term environmental protection mechanisms, which have a
serious impact on environmental sustainability and multifaceted
development (Colapinto et al., 2020). In the process of industrial
transfer in BTH region, especially the development of tertiary
industries such as high-tech industry and modern service industry
in Hebei Province, has greatly promoted the adjustment and
upgrading of industrial structure in Hebei Province. However, from
another perspective, the transfer of heavy industry, manufacturing
and other industries in Beijing and Tianjin has greatly aggravated
the environmental pollution in Hebei province. The industrial
transfer in some areas can improve the environmental quality
of the relocation area, but at the same time, it would cause
serious environmental pollution to the relocation area. In addition,
the mobility and diffusion of air pollution, water pollution
and other environmental pollution make the overall regional
environment unable to fundamentally change the entire regional
environment. From the perspective of short-term interests, BTH
regional industrial transfer has promoted the development of Hebei
province and promoted the coordinated development of the three
regions. However, from the perspective of long-term interests,
industrial enterprises with serious pollution have not played a
palliative role in improving the environment. In addition, BTH
did not take corresponding control measures to solve the pollution
problem when transferring polluting enterprises. Although most
enterprises have received some financial support in the process of
transfer, and to some extent have reduced the local employment
pressure, they have not formed a complete industrial chain
under the goal of sustainable development. They also did not
fully understand the challenges of sustainability and included the
transfer of pollution into the scope of environmental protection
(Leal Filho et al., 2019).

2.1.3.3. Excessive energy consumption

With the expansion of urban scale and the development of
urban agglomeration, the cities in the region are increasingly closely
connected. At the same time, due to the joint effects of atmospheric
circulation and atmospheric chemical effects, the air pollution
between cities has an impact on each other. Especially, the pollutant
transfer effect between neighboring cities is the most significant,
as shown in Figure 3. At present, the energy consumption in BTH
region is mainly concentrated on fossil fuels, thus generating a
large amount of greenhouse gases. The exhaust gas generated
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Air pollution between cities.

by fossil fuels is not only used for combustion, but also comes
from its production, storage and transportation process. Carbon
dioxide emitted from urban road transport will not only affect the
productivity of local enterprises, but also have a serious impact on
the coordinated development of regional resources, environment
and economic growth (Ullah and Al-Turjman, 2023).

2.2. The development of low-carbon
economy

Low-carbon economy is an important part of social and
economic development. It is a form of economic development
guided by the idea of sustainable development, through
technological innovation, institutional innovation, industrial
transformation, new energy development and other ways, to
minimize the consumption of high carbon energy such as coal
and oil, reduce greenhouse gas emissions, and achieve win-win
economic development and ecological environment protection.
The development objectives of low carbon economy mainly
include water conservation, electricity conservation, development
and use of clean energy, waste recycling, and reduction of pollutant
gas emissions, as shown in Figure 4.

LCE has unique advantages in promoting the coordinated
development of resources, environment and economic growth
in the BTH region, mainly in reducing environmental costs,
promoting technological innovation, and reducing input and
expanding output.

2.2.1. Reducing environmental costs

In terms of the internal production process of enterprises
in BTH region, the impact of LCE development goals on
environmental costs runs through all links before, during and
after production. In the pre-production stage, under the influence
of the formulation and implementation of LCE development
goals, enterprises would tend to adopt a cleaner way in terms
of purchasing production equipment and site selection. On the
surface, although this measure seems to increase the initial
investment cost, for the overall development of enterprises, the
greening of production equipment and current sites can bring
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greater economic benefits to enterprises. In the middle stage
of production, the establishment of LCE development goals
reduces the production indicators that have adverse effects on
the environment, thus achieving the environmental cost control
of enterprises and increasing the environmental benefits of
enterprises (Ning et al., 2022). In order to meet the requirements
of reducing emissions, enterprises would improve production
efficiency and invest additional funds for pollution monitoring,
pollution measurement and pollution reporting. This can not only
reduce the harm to the environment. At the same time, it reduces
the cost of environmental protection maintenance of enterprises,
which is embodied in the reduction of the cost of pollution tax and
pollution fee. In the post-production stage, the cost of repairing
the environmental damage caused by the enterprise’s production
activities and the cost of recycling waste would also be reduced to a
certain extent.

2.2.2. Promoting technological innovation
With  the
government will set a series of supporting measures, such as

development of low-carbon economy, the
green finance and green tax, to encourage enterprises to carry
out emission reduction activities. The government’s support and
rewards will stimulate enterprises’ green technological innovation
motivation, and also improve the green innovation efficiency of
enterprises (Xu et al., 2022). The realization of low carbon economy
can improve the production technology requirements of BTH
regional enterprises, make their existing production equipment
and process level achieve greater improvement, and promote the
sustainable development of enterprise economy. By means of
independent innovation and technology introduction, enterprises
can update and transform existing production technologies
and processes, improve their production efficiency and reduce
production costs.

2.2.3. Reducing input and expanding output

The direct target of LCE targets is the input and output factors.
Low carbon refers to reducing energy consumption in the input
factors, and then changing the investment structure (Tang et al,
2019). However, there is uncertainty in the change of investment
structure. On the one hand, the cleanliness of investment structure
can be improved by reducing the investment in mineral energy; on
the other hand, while reducing energy consumption, enterprises
would also increase alternative production factors to maintain
high output, thus promoting the innovation of enterprise product
structure. In terms of unexpected production, energy consumption
and combustion are important sources of greenhouse gases and
other pollution in the production process. Therefore, reducing
energy consumption would undoubtedly increase unexpected
production. LCE is aimed at unexpected production. Based on
this, production activities can effectively control the emissions of
greenhouse gases and pollutants.

In order to quantify the role of LCE in the coordinated
development of BTH regional resources, environment and
economic growth, this paper takes the BTH urban areas
after the implementation of the LCE development goals as
the demonstration group, and the urban areas before the
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Main contents of LCE targets.

implementation of the LCE goals as the comparison group, and
finally compares the differences between the development level of
the demonstration group and the comparison group before and
after the implementation of the LCE goals.

It is assumed that there are x4 1 urban areas, city 1 implements
the LCE target in phase py, and the other four areas are not
affected by the LCE target. ry;, represents the potential results of
city iwhen it is interfered by the LCE targets in p-th phase, and 7,y
represents the potential results of city i when it is not affected by
the LCE targets in p-th phase, thus obtaining the causal effect of the
LCE targets:

Yip = Tyip — Tnip (1)

The dummy variable Vip is introduced, which indicates whether
region i would implement the BTH low-carbon economy target
in p-th phase. If it is implemented, then vj, = 1. If it is not
implemented, then v;, = 0. Then the observation result r;, of city i
in the p-th period is:

rip = VipTyip + (1 = Vip) Tuip )

If the 1 city is affected by the LCE target after the
po (1 < po < p) phase, and the other three cities are not affected
by the LCE target in all periods, the impact effect of the LCE target
is deduced as follows:

Yip = Tylp — T'nlp (3)

In the p > po phase, potential result ry;, can be effectively
quantified when being interfered by LCE targets, while potential
result 7, can not be quantified without being interfered by LCE
targets. In order to estimate the counterfactual results of individual
city 1 after phase po, the following model is used to describe r;,p:

rnip = Ep+0pCi+9iMi+8ipai = (1) L X+ 1) )P = (l> e !P) (4)

The definitions of the parameters of the formula are shown in
Table 1.

When a new sample arrives, instead of combining it with
historical data and relearning it, the new sample is used to modify
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TABLE 1 Definition of formula parameters.

Sequence Parameter Meaning

1 E, It is a time-fixed effect with the
same effect on all individuals

2 op Kx1 dimension covariate vector
not affected by environmental LCE

3 ¢ The unknown coefficient vector of
Kx1 dimension

4 6; Fx1 dimension represents common
factors of all regions

5 i Fx1 dimension coeflicient vector

6 Eip Error term

the previous model based on the model learned from previous
historical data to improve data fitting accuracy. In order to estimate,
this paper analyzes the decision number model combined with it.
Assuming that in the sequence of low-carbon economic
development, there are s samples arriving at a certain node of the
decision tree in region i, then all the new samples will increase the
entropy value of the classification attribute, and then the entropy
change will increase to the maximum value Ep,y, while the entropy
change of a candidate attribute will achieve the minimum value
Enmin, then the total difference inequality between the previously
selected classification attribute and the information entropy of the
candidate attribute will be caused by the newly added s samples:

s
Emax — Emin < Z lOg (b]) + log ("ﬂip) (5)
i=1

Assume that the number of new samples s is smaller than the
number of samples b; on the attribute value j value segment, that is,
s < bj. Then, by scaling Equation (5), it can obtain:

Emax — Emin < s (lOg (bj) + 2+ log (r”iP)) (6)

The difference in information entropy between class attributes
and candidate attributes determines the number of new samples s,
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so there are:
ruip — Tip = 5 (log (bj) + 2 + log (ruip)) %

If the number of newly added samples s < spyax, the original
classification attribute will be treated as the classification attribute
of the node. If s > spax, the original classification attribute will
be replaced, and the candidate attribute will be treated as the
classification attribute of the node to trim the decision tree.

Under the analysis model in this paper, the coordinated
development effect of BTH regional resources, environment and
economic growth before and after the implementation of LCE
objectives can be more intuitively characterized. On this basis,
the corresponding adjustment and planning of the development
policies and development directions of the cities in the region
can effectively promote the implementation of the concept of
sustainable development in the economy of each city and achieve
the improvement and optimization of the ecological environment.

3. Test of coordinated development of
regional resources, environment, and
economic growth

In order to verify the feasibility of coordinated development
of resources, environment and economic growth in BTH region
under the background of LCE, this paper tests the development
data of 13 cities in BTH region in 2022 according to the analysis
model. The economic benefit index, environmental benefit index
and emission reduction efficiency index of each city before and
after implementing the LCE development goals were compared
(the economic benefit, environmental benefit and efliciency
index of energy conservation and emission reduction before the
implementation of the LCE development goals are simulated by
the weighted average of the real development data of each city
in 2017-2021).

In order to conduct a more objective and accurate analysis
of the economic benefit index, environmental benefit index, and
emission reduction efficiency index, this paper uses a decision tree
analysis model to analyze the spatial development data of the BTH
region from 2017 to 2021, and determines the selection of index
factors based on social development trends and characteristics, as
shown in Table 2.

3.1. Economic benefit index

The urban economic benefit refers to the proportion between
the total investment and the total output of a city. It refers to
the economic aggregate of all departments and industries in a
city. The urban economic benefit index is an important indicator
to measure the level of economic development of a city and its
position and value in the whole social and economic structure.
This paper measured and synthesized the GDP, general budget
revenue and employee income data of all departments, industries
and units of 13 cities in the BTH region. The comparison results
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TABLE 2 Selection of index factors.

ctor

Target layer

Exponential
dimension

Coordinated Economic benefit Regional production value

development of index

resources,

environment and

economic growth
General budget revenue of
finance
Employee income data of
various departments,
industries, and units

Environmental Environmental Quality Index

benefit index

Environmental Performance
Index

Emission reduction
efficiency index

Total energy consumption

Total pollutant emissions

of the economic benefit index differences between cities before and
after the implementation of LCE targets are shown in Figure 5.

From the overall index change results in Figure 5, the economic
benefit index after the implementation of LCE targets has been
significantly improved. In Figure 5A, the economic benefit indexes
of the 13 cities in the BTH region after the implementation of
the targets reached 0.635, 0.582, 0.661, 0.549, 0.576, 0.621, 0.571,
0.554, 0.548, 0.602, 0.574, 0.592, and 0.556 respectively, with the
average benefit index reaching about 0.586. In Figure 5B, the
economic benefit indexes of the 13 cities in the BTH region
before the implementation of the targets were 0.602, 0.574, 0.656,
0.542, 0.572, 0.614, 0.553, 0.544, 0.542, 0.587, 0.569, 0.582, and
0.541, respectively, with an average benefit index of about 0.575.
From the comparison of the specific results, it can be seen
that after the implementation of the LCE targets, the economic
development level of each city has improved. This is because
urban enterprises have made technological innovation on their
production equipment under the goal of LCE, reduced production
consumption, and greatly saved costs, thus improving production
efficiency and providing more opportunities and development
space for the sustainable economic growth of their cities to a
certain extent.

3.2. Environmental benefit index

Environmental benefits refer to tangible and intangible benefits
of urban economic activities on natural ecology. Using the same
natural resources can maintain the ecological balance, and avoid or
improve the urban production and living environment. If the same
natural resources are used, the environment and ecological balance
would be damaged. The survival and production environment
of the city would be deteriorated, and the environmental benefit
index would be lower. This paper measured and synthesized the
difference of the environmental status index of 13 urban areas
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Change of economic benefit index. (A) Economic benefit index after target implementation. (B) Economic benefit index before target
implementation.

in the BTH region. The comparison results of the differences in
the environmental benefit indexes of cities before and after the
implementation of the LCE targets are shown in Figure 6.

From Figure 6, the environmental benefit index before and
after the implementation of the LCE target was generally low,
which may be due to the highly specific heavy chemical industry
in BTH region, but the index level after the implementation of the
target has increased significantly. In Figure 6A, the environmental
benefit indexes of the 13 cities in the BTH region after the
implementation of the targets respectively reached 0.473, 0.481,
0.455, 0.429, 0.437, 0.453, 0.487, 0.464, 0.469, 0.448, 0.432, 0.454,
and 0.463, with the average benefit index reaching about 0.457.
In Figure 6B, the environmental benefit indexes of the 13 cities
in the BTH region before implementation were 0.455, 0.476,
0.452, 0.423, 0.431, 0.448, 0.462, 0.459, 0.461, 0.442, 0.426, 0.446,
and 0.452 respectively, with an average benefit index of about
0.449. From the change of index difference, the environmental
benefits of cities have increased after implementing the LCE
targets. Under the goal of LEC, the cost of energy consumption
and environmental maintenance has generally decreased, and the
urban environmental space has been well optimized, which ushers
in more long-term and lasting direct and indirect benefits for
urban development.

3.3. Emission reduction efficiency index
The emission reduction efficiency reflects the level of energy

efficiency and ecological efficiency of a city. This paper calculated
the difference between the current energy consumption and total

Frontiersin Ecology and Evolution

pollutant emissions of 13 urban areas in the BTH region and
the total energy consumption and total pollutant emissions of the
previous year. The comparison results of the differences between
the emission reduction efficiency indexes of each city before
and after the implementation of the LCE targets are shown in
Figure 7.

In Figure 7A, the emission reduction efficiency index of the 13
cities in the BTH region after the implementation of the targets
respectively reached 0.572, 0.506, 0.521, 0.498, 0.543, 0.524, 0.538,
0.515, 0.506, 0.531, 0.527, 0.487, and 0.512, and the average benefit
index reached about 0.522. In Figure 7B, the emission reduction
efficiency indexes of the 13 cities in the BTH region before the
implementation of the targets were 0.551, 0.492, 0.516, 0.485,
0.537, 0.521, 0.529, 0.512, 0.501, 0.525, 0.519, 0.483, and 0.506
respectively, with the average benefit index of about 0.514. After
the implementation of the target, the overall efficiency of energy
utilization in each city has increased to a certain extent compared
with that before the implementation of the target. The total amount
of pollutant emissions caused by production activities has also
decreased, and the effect and efficiency of emission reduction have
been significantly improved.

4. Conclusions

The
environment and economic growth is of great significance to

coordinated development of regional resources,
the healthy development of society. As an important production
base in the industrial field of China and even the world, BTH

has become an important strategic region leading the industrial
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development with its special geographical location, rich resource
advantages and convenient transportation conditions, providing
strong support for the rapid development of social economy.
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In order to realize the high-quality development of regional
production, life and ecology, this paper, under the goal of
LCE, has conducted in-depth research on the coordinated
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development of its regional resources, environment and economic
growth. From the overall development of the region, after the
implementation of the LCE goal, the economic development
level and environmental benefits of the cities in the region have
significantly increased, and their production consumption and
pollutant emissions have also decreased to a certain extent. From
the development differences before and after the implementation
of the objectives, it can be seen that the LCE objectives have
certain practical value for the coordinated development of BTH
regional resources, environment and economic growth. However,
due to the limitations of the research level and scope, there are
still some areas worthy of improvement in this paper. In the
follow-up research process, we will continue to improve the
deficiencies in this paper to promote the better development of
BTH region.
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