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Background:Under the guidance of carbon peak and carbon neutral targets, China’s
economic development is facing unprecedented challenges. It is of great strategic
significance and value to study the integrated development of regional low-carbon
economy. The harmonious development of Beijing-Tianjin-Hebei (Beijing-Tianjin-
Hebei) has become a national strategy, and its importance is prominent.

Objective: To promote the regional economic integration of Beijing-Tianjin-Hebei is
the top priority of promoting the development of Beijing-Tianjin-Hebei integration at
present, and is the key to achieving the coordinated development andmutual benefit
of Beijing-Tianjin-Hebei.

Methods: In this context, this paper studies the fuzzy control evaluation algorithm of
regional economy based on SDMmodel. Realized the prediction of the expansion of
the low-carbon economy in Beijing-Tianjin-Hebei, and put forward the
development strategy of the economic integration of Beijing-Tianjin-Hebei. The
ranking of regional competitiveness of fuzzy control evaluationmethod is in line with
the reality of today’s economic expansion. The application of fuzzy rules improves
the speed, accuracy and objectivity of evaluation.

Results: The final experiment shows that the accuracy of the algorithm is very high,
reaching 95.14%. In addition, the algorithm has higher efficiency and better
performance. The fuzzy control evaluation algorithm of regional economy can
better predict the economic growth of Beijing, Tianjin and Hebei.

Conclusion: Propose the development strategy of Beijing-Tianjin-Hebei low-carbon
economic integration to further promote the development of Beijing-Tianjin-Hebei
integration and promote the adjustment and optimization of China’s economic
structure.
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1 Introduction

Based on the connotation and characteristics of regional low-carbon economic integration,
the strategic implications of regional low-carbon economic integration development are
summarized. It mainly includes the strategic choice of regional energy transformation, the
strategic innovation of regional system integration, the strategic measures of regional economic
development mode transformation and the strategic guarantee of regional new business model
construction. By doing a good job in top-level design, accelerating the development of new
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energy industry, building a new industrial development mode, and
giving play to the effect of maintaining and increasing the value of
carbon assets. Build carbon neutral demonstration parks and promote
diversified cooperation among regions, promote coordinated regional
development and high-quality industrial development, promote the
construction of a beautiful China, and help achieve the goals of carbon
peak and carbon neutrality. Decades of development have greatly
improved China’s economic and social outlook. However, it is
precisely because of the rapid economic expansion that the
inherent differences in transportation, resources, culture and
economic base among regions have been further enlarged, and the
imbalance of regional economic expansion has become more and
more prominent. Located in the heart of the Bohai Rim in China area
of Northeast Asia, Jing-Jin-Ji is the largest and most dynamic area in
northern China, attracting more and more attention from China and
even the whole world. Chai et al. measured the carbon entropy and
carbon emission efficiency of 25 industries in Beijing Tianjin Hebei
region from 2000 to 2015 by building a carbon entropy model and a
total factor industrial carbon emission efficiency evaluation model.
The research shows that: (a) The priority industries in Beijing Tianjin
Hebei region are expanding, the regional competitiveness of
moderately developed industries is improving, and the proportion
of industries that restrict development is significantly decreasing. (b)
The spatial distribution of the three types of industries presents a
concentric ring pattern, with priority industries as the core, moderate
industries as the main, followed by industries with limited
development. (c) The situation of medium and efficient industries
has improved, while that of inefficient industries has declined (Chai
et al., 2021). In order to further study the current situation and
development trend of low carbon construction in Beijing, Tianjin
and Hebei, in the absence of direct data on carbon emissions. The
research team searched the China Statistical Yearbook, and then
converted the final energy consumption data into GDP, population
carbon emissions and living consumption of the three major industries
in Beijing, Tianjin and Hebei from 2005 to 2015. On this basis, Zhang
et al. analyzed the change trend of carbon emissions in Beijing Tianjin
Hebei region and put forward some problems. Finally, the
corresponding suggestions, solutions and countermeasures are put
forward for the existing problems (Zhang et al., 2018a). Xue et al.’s
improvement of carbon emission efficiency (CEE) will promote the
development of green low-carbon economy in Beijing Tianjin Hebei
region of China. This paper uses the unexpected output EBMmodel to
measure the city level CEE in BTH from 2007 to 2016. This paper
analyzes the spatial distribution characteristics and evolution laws of
Central and Eastern Europe from the overall and local aspects, and
verifies the influencing factors of Central and Eastern Europe by using
the spatial quantile regression model (Xue et al., 2022). Therefore, it is
need to grasp the present situation of industrial development in Jing-
Jin-Ji, and to understand the development trend of leading industries
in Jing-Jin-Ji and the interrelated results.

China will vigorously support green and low-carbon energy
development in developing countries. Achieving carbon peaking
and carbon neutralization is an inherent requirement of China’s
high-quality development, a strategic choice to practice the idea of
ecological civilization, and a broad and profound economic and social
systematic change. China is faced with the huge challenge of carbon
emission reduction. It is necessary to explore a new mode and path for
the integrated development of regional low-carbon economy, enhance
the systematicness, integrity and synergy of carbon emission

reduction, and accelerate the in-depth emission reduction. With
the transformation of China’s economic development model,
various industries in Beijing Tianjin Hebei (BTH) region have put
forward the requirement of high energy conservation and emission
reduction (ECER). However, as an important indicator of achieving
sustainable low-carbon development, the rebound effect of energy
consumption has not been fully investigated in industrial enterprises
in this field. Li et al. (2018) uses an alternative estimation model based
on the neoclassical economic theory to measure the energy rebound
effect of industrial enterprises in BTH. Carbon dioxide mainly comes
from industrial economic activities. Industrial structure optimization
is an effective way to reduce carbon dioxide emissions. Gu et al. uses
the panel data of 13 cities in Beijing Tianjin Hebei urban
agglomeration from 2006 to 2019 to calculate the industrial
structure rationalization index using the Theil index. Use the
proportion of industrial added value to calculate the industrial
structure upgrading index. Through the construction of STIRPAT
model, this paper quantitatively analyzes the impact of industrial
structure rationalization and upgrading on carbon emissions (Gu
et al., 2022). Regional economic integration refers to the
elimination of trade barriers by different spatial entities, and the
realization of free flow, cooperation and complementarity in space,
industry and market. It is the unity of state and process, means and
purpose. Under the guidance of regional strategy, regional
coordination is strengthened through regional planning and
policies, and the spatial pattern of social and economic activities is
optimized (Rahul, 2016). On a larger scale, regional economic
integration is no longer limited to the union between regions or
cities within a country (Yu, 2020). Regional economic integration is
one of the remarkable characteristics of current economic expansion,
and the construction of regional metropolitan areas represented by
Jing-Jin-Ji has great influence on international metropolitan areas.
Therefore, this article will model and analyze the influencing factors of
Jing-Jing-Ji cluster on regional economic integration, which has
certain practical significance.

Hu et al. studied the different impacts of coordinated
development of Beijing Tianjin Hebei region on industrial
energy and pollution intensity based on the difference method
(DID) and quantile DID method. The panel data covers the
industrial energy consumption and three kinds of wastes,
namely industrial wastewater, sulfur dioxide and dust emissions,
in all 13 cities in BTH and 17 cities in Henan Province from 2007 to
2017. The research results show that, in addition to the dust
pollution caused by the traffic integration in BTH, China should
pay more attention to the green industrial relocation from Beijing
to Hebei, and strengthen the coordinated environmental
supervision while maintaining the interests of enterprises (Hu
et al., 2020). Liu et al. used principal component analysis,
entropy evaluation method and coupling coordination model
(CCDM) to assess the coordination level between carbon and air
quality mitigation in 34 low carbon pilot cities in China. We also
use three case studies to illustrate the formation of mechanisms and
policies that lead to different coupling patterns at the local level.
We found that most pilot cities showed a moderate degree of
coupling and coordination between low-carbon development and
air quality. The results show that most low carbon pilot cities have
relatively high scores in low carbon development (Liu et al., 2021).
Due to the special conditions of geographical proximity, the
economy of Jing-Jin-Ji is inextricably linked, and this inherent
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permeability and interdependent economic relationship has
incomparable advantages in improving foreign competitiveness.
The economic development characteristics of Beijing Tianjin Hebei
region: the economic core areas with different levels have been
formed with Beijing as the center. The economic development of
the Beijing Tianjin Hebei Economic Zone has maintained a
relatively high speed, but there are large differences between
different regions. Taking the county economy of Beijing Tianjin
Hebei as the research unit, this paper attempts to explore the time
concentration distribution characteristics and spatial correlation of
the county economic development of Beijing Tianjin Hebei under
the background of the coordinated development of Beijing Tianjin
Hebei, and reveals the gap between Hebei Province and Beijing
Tianjin.

In the current context, Beijing Tianjin Hebei regional
integration should not only accelerate the pace of regional
coordinated development, but also re-examine itself and
recognize its advantages and disadvantages. This paper analyzes
the reality and feasibility of Beijing Tianjin Hebei integration,
mainly discusses the influencing factors of Beijing Tianjin Hebei
cluster on regional economic integration based on SDMmodel, and
carries out modeling and analysis. The main contributions are as
follows:

1. Construct a regional economic competitiveness index system with
dual spatial integration characteristics. A workable regional
economic evaluation system has been formed.

2. Propose the economic integration strategy of Beijing Tianjin Hebei
region. It not only makes the basic data accurate and complete, but
also makes the relevant models easy to systematize. It provides a
way for the study of other regional economic integration.

3. The experimental results show that the fuzzy control evaluation
algorithm of regional economy can better predict the economic
growth of Beijing, Tianjin and Hebei. The study is expected to
further promote the integrated development of Beijing, Tianjin and
Hebei, and promote the adjustment and optimization of China’s
economic structure.

This paper studies the fuzzy control evaluation algorithm of
regional economy based on SDM model, realizes the prediction of
low carbon economic expansion in Beijing Tianjin Hebei, and puts
forward the development strategy of economic integration in
Beijing Tianjin Hebei. Section 1 describes the connotation and
characteristics of regional low-carbon economic integration, and
summarizes the strategic significance of regional low-carbon
integration development. Section 2 analyzes the existing
research results of regional economic integration and low-
carbon economy. The influence of industrial agglomeration on
regional economic integration is obtained. Section 3 analyzes the
economic conditions and environment of the Beijing Tianjin Hebei
region, which is also an important embodiment of the diversity and
unity of the construction of ecological civilization and the
construction of a beautiful China. The fuzzy evaluation model
of regional economy is analyzed. Section 4 forecasts and simulates
the regional economic expansion of Beijing Tianjin Hebei. In this
part, the fuzzy evaluation model of regional economy is used to
predict the economic growth of Beijing Tianjin Hebei, and the
effectiveness of the algorithm proposed in this paper is verified.
Section 5 summarizes the full text. The results show that the fuzzy

control evaluation algorithm of regional economy can better
predict the economic growth of Beijing, Tianjin and Hebei. This
study is expected to further promote the integration of Beijing,
Tianjin and Hebei, and promote the adjustment and optimization
of China’s economic structure.

2 Related work

The integrated development of regional low-carbon economy
has rich connotation, as well as regional, systematic and
collaborative characteristics. Based on the existing research
results of regional economic integration and low carbon
economy, this paper defines regional low carbon economic
integration as a new regional development model integrating
multiple (carbon technology integration, system integration,
management integration, etc.) with low carbon economy as the
development direction in a specific regional space. Improve energy
utilization efficiency, strengthen regional coordinated emission
reduction, and promote regional low-carbon zero carbon
development and sustainable development. The integrated
development of regional low-carbon economy is conducive to
adjusting the energy consumption structure, significantly
reducing carbon emissions, giving play to the role of market
integration and regional coordinated emission reduction,
promoting regional coordinated development, promoting high-
quality industrial development, and helping build a beautiful
China.

Regional ecological coordinated development is a new form of
regional coordinated development aimed at building ecological
civilization in the “new normal” period. The coordinated
ecological development of Beijing Tianjin Hebei (BTH) region is
particularly important because it is leading China’s overall
coordinated development and reform. Based on the complex
system theory, synergetics and the concept of ecological
civilization and green development in the “new normal” period,
Zhao and Zhang built a regional ecological synergy measurement
model, which scientifically evaluated the dynamic evolution of
BTH’s ecological synergy level from 2006 to 2018. Using
econometric models, we also analyzed the welfare effect and
regional heterogeneity of ecological synergy in regional
development (Zhao and Zhang, 2021). Gao and Li (2021)
calculated the level of industrial agglomeration by using the
relevant industrial agglomeration index, and measured the
regional economic integration index of the Yangtze River Delta
by comprehensive assessment method. In order to better reflect the
level of urbanization, the panel entropy weight method is used to
weight the population, industry and area factors. Wang et al.
constructs a comprehensive indicator of urbanization. The panel
regression between the composite index and the average nighttime
light after fusion showed a strong correlation. The accuracy test
shows that the estimated value of the fusion average light calculated
by the urbanization level estimation model fully represents the
urbanization level (Wang et al., 2021). Jeff (2014) improved SOM
algorithm and applied it to pattern classification of regional
economic assessment. Li et al. established a logarithmic average
divisor index model to decompose the total carbon emission
increment. The carbon finance effect is divided into green credit
effect and carbon trading effect, and the impact of carbon finance
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on carbon emissions is analyzed (Li et al., 2019). Xiao et al.
discussed the environmental effect and mechanism of
coordinated development of urban agglomeration. The results
show that the coordinated development of Beijing, Tianjin and
Hebei has a significant and sustained impact on the convergence of
PM2.5 to the low level. The further mechanism identification
results show that the air joint defense rules and policies in the
process of Beijing Tianjin Hebei coordinated development mainly
promote the convergence of PM2.5 through population and
economic scale effects, structural effects and technological
effects, and promote the convergence of PM2.5 to a lower
direction by reducing the economic growth scale of the city
itself. It is suggested to further promote the formation and
development of Beijing Tianjin Hebei integration, strengthen
cross regional environmental governance cooperation between
local governments, and promote green growth and coordinated
development of urban agglomeration (Xiao et al., 2022). The rapid
economic growth in China’s megalopolis is characterized by rapid
urbanization, accompanied by a series of environmental problems,
ranging from extensive soil pollution to groundwater depletion.
Tian et al. analyzed the interaction between urbanization and
ecosystem, and reviewed the existing urban and ecosystem
analysis framework. Taking the Beijing Tianjin Hebei region as
an example, this paper introduces a conceptual framework to
analyze the megacity region, and applies the simulation model
to predict the possible interaction between urbanization and the
ecological environment (Tian et al., 2019). Climate change and
rapid urbanization have brought natural and human genetic
interference to urban ecosystems, and damaged the sustainability
and resilience of cities. The assessment of urban ecological
resilience and the study of its impact mechanism are of great
significance for sustainable urban management. Taking the
Beijing Tianjin Hebei Urban Agglomeration (BTHUA) region of
China as the research area, Shi et al. constructed an evaluation
index to evaluate the urban ecological resilience and its spatial
pattern by using the resilience substitutes of net primary
productivity from 2000 to 2020. The evaluation index is
constructed from two dimensions, including the sensitivity and
adaptability of urban ecosystem, to capture the two key
mechanisms of resilience, namely resistance and resilience (Shi
et al., 2022). Cui and Wang (2021) put forward countermeasures
and feasible suggestions for promoting the growth of Jing-Jin-Ji
cooperation and regional economic integration by analyzing the
current situation of Jing-Jin-Ji low carbon economic cooperation
and the problems existing in regional economic integration. Li
(2014) pointed out that high economic expansion should not
simply pursue economic aggregate and growth rate, but should
pay more attention to the harmonious growth of economy, society
and environment. Hussain et al. (2022) found that the consumer
price index (CPI) factors that lead to the decline of Jing-Jin-Ji
market integration development level are mainly housing, clothing,
transportation and communication.

On the basis of summarizing the existing research results, this article
studies a fuzzy control assessment algorithm of regional economy
combined with SDM model, realizes the prediction of Jing-Jin-Ji low
carbon economic expansion, and then puts forward the development
strategy of Jing-Jin-Ji low carbon economic integration. In order to
further promote the integrated growth of Jing-Jin-Ji and promote the
adjustment and optimization of China’s economic structure.

3 Methodology

3.1 Analysis of regional economic conditions
and environment in Jing-Jin-Ji

Different regions have different resource endowments and
regional characteristics. The difference of resource endowment and
location determines that different regions have different industrial
structure, industrial layout and development space. Secondly, the
difference in economic infrastructure and infrastructure between
regions is an important factor affecting the development of low-
carbon economy. If a region has a good economic foundation and
complete infrastructure, it can better promote the development of low-
carbon economy and be conducive to the construction of ecological
civilization. Thirdly, there are differences in human environment
between regions. This requires selecting appropriate low-carbon
economic development path according to different cultural
characteristics. Regionality is a prerequisite and basic guarantee for
the differentiated development of low-carbon economy in different
regions, and also an important embodiment of the diversity and unity
of ecological civilization construction and the construction of a
beautiful China.

The Beijing Tianjin Hebei region has great potential for emission
reduction. It is particularly important to finance energy conservation
and emission reduction through technological innovation and
optimization transformation of the real economy. Therefore, we
should seize the opportunity to vigorously develop carbon finance,
establish carbon finance innovation system and mechanism, and
cultivate a multi-level carbon trading market system. Carry out the
innovation of financial activities of low-carbon financial derivatives
such as low-carbon swaps, forwards, futures trading, low-carbon
securities, low-carbon futures, funds, etc. It has become the most
important work of the carbon market in the process of Beijing Tianjin
Hebei integration. With the acceleration of global economic process,
regional economic integration has become the leading force to
promote regional economic expansion. Regional economic
integration refers to the stage of market integration between
different spatial economic entities in order to obtain benefits such
as production, consumption and trade (Ye, 2014). Including the
gradual evolution from product market and factor markets to the
unification of economic policies. Jing-Jin-Ji is the heart of the northern
region, and its regional economic expansion is the core of China’s
northern economy. The regional economic integration of Jing-Jin-Ji
can not only promote the economic growth of Beijing, Tianjin, Hebei
and other provinces and cities, but also reflect the significance in
guiding the future economic growth of surrounding areas and even
enhancing the overall national strength of the whole country (Liu and
Wang, 2016). Compared with the divergent and uniform distribution
pattern of the Yangtze River Delta and the Pearl River Delta, Beijing
and Tianjin are located in the hinterland and edge of Hebei Province
respectively. Geographically, this kind of mega-city exists in one
region at the same time in three provinces and cities, and it is rare
even in the history of regional economy in the world. From the
perspective of actual economic expansion, only GDP, total retail sales
of social consumer goods and total investment in fixed assets of Jing-
Jing-Ji cluster are close to the “Pearl River Delta” and lag behind the
“Yangtze River Delta”. The total import and export volume and the
actual utilized foreign capital account for 13% and 18% of the national
proportion, and the total volume is less than half of the Yangtze River
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Delta and Pearl River Delta. The influence mechanism of industrial
agglomeration on regional economic integration is shown in Figure 1.

The growth of Jing-Jin-Ji low carbon economic integration is
not only related to the long-term growth of its own economy, but
also of great significance for promoting the harmonious growth of
the whole country and improving the regional economic
integration mechanism of China (Zhang et al., 2018b). Among
them, the gathering of high-tech industries plays a more and more
important role in improving industrial structure, coordinating
industrial cooperation and development, and improving regional
innovation power. All regions regard the growth of high-tech
industries as the primary task, and in the final analysis, it is to
develop the economy. Beijing is the national political center,
cultural center and the engine of knowledge economy
development; Tianjin is an important industrial and commodity
base; Hebei province has unique natural resources and a relatively
complete industrial system, and has the most complete natural
endowment and economic foundation for developing regional
economic integration. No matter from the scope of regional
cooperation or the rational allocation of resources and
production factors, the formulation of Jing-Jin-Ji integration is
more appropriate. In the Jing-Jin-Ji, the coordinated economic
growth of the Bohai Rim region has become increasingly
prominent. It is need to strengthen the communication and
convergence of coordinated development in strategic planning,
industrial development, policies and regulations, deepen, infiltrate
and integrate regional industrial specialization, and promote the
formation of high-end, high-quality and high-tech industrial
structures. However, there are still some problems to be solved
in the stage of regional economic integration in Jing-Jin-Ji: obvious
differences in regional economic expansion in Jing-Jin-Ji, lack of
industrial division and cooperation, irrational industrial structure,

lagging growth of regional factor markets, and market barriers still
exists. Therefore, a correct understanding of the present situation
of regional economic integration in Jing-Jin-Ji is of great
significance for promoting the growth of Jing-Jin-Ji integration
(Lin and Meng, 2020). It is obviously not scientific to evaluate the
level of economic expansion in a historical period only based on the
clustering results of a certain time. To seek further development
and coordinate regional imbalances, China should also learn from
past experience. In addition, Jing-Jin-Ji is connected by mountains
and rivers, and there is also a foundation for integrated
development inside. Therefore, it can be said that the
harmonious growth of Jing-Jin-Ji integration has both external
impetus and internal motive force.

3.2 Fuzzy assessment model of regional
economy

To evaluate the coordinated development system of Beijing
Tianjin Hebei region, the focus is to extract specific manifestations
from the complex relationship. That is to find the main factors
influencing the statistical monitoring of the coordinated
development of Beijing, Tianjin and Hebei. In addition, it is
necessary to take full account of the independence of each factor
and maintain a clear hierarchy and interdependence of each factor.
Because the coordinated development of regional systems is not only
an economic problem, but also a deep-seated social and ecological
problem. Therefore, the target level is the level of regional coordinated
development, and the criterion level is composed of economic
subsystem, social subsystem and ecological subsystem. The
economic subsystem is mainly reflected in three aspects: economic
level, economic structure and economic extroversion: the social

FIGURE 1
The mechanism of industrial agglomeration’s influence on regional economic integration.
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subsystem is measured in terms of population development, science
and education level and infrastructure construction; the ecological
subsystem is measured in terms of resource utilization and
environmental protection. On the basis of the principle of
operability, the indicator layer selects some relatively typical
eigenvalues that can cover the indicator system and strives to
reflect the degree and problems of the collaborative development
process. The systematicness of the integrated development of regional
low-carbon economy mainly refers to the integration of technology,
system and management, and the deep integration of each other,
which constitutes a unique spatial ecosystem. First, technological
innovation is the basis and premise for the integrated development
of low-carbon economy, and also the basis for achieving carbon peak
and carbon neutralization. Only technological innovation can bring
about new ways of production and life, and promote the fundamental
change of production relations. The economic growth of a region can
not be separated from the support of industry. How to promote the
harmonious growth of Jing-Jin-Ji industries and improve the
industrial integration level of Jing-Jin-Ji is of great significance to
promote the regional economic integration of Jing-Jin-Ji. In fact, the
inter-regional input-output technology reflect the significance in
analyzing the input-output relationship among different regions,
but it needs a large amount of survey data and systematic
estimation, and its analysis results are mostly not ideal because of
its big assumptions. This article studies the regional economic
integration of Jing-Jin-Ji, so it is need to study Jing-Jin-Ji as a
whole region.

SDM (Supervised Descent Method) is a Supervised Descent
method, which is a Method to solve non-linear Least Squares
(NLS) problems. The gradient descent direction is learned from the
training data and the corresponding regression model is established,
and then the gradient direction is estimated using the obtained model.
Fuzzy cluster analysis is a mathematical method to classify things
fuzzy according to certain requirements when the boundaries between
things that need to be classified in mathematical analysis are blurred.
Let the set of n samples be:

x � {x1, x2, x3, . . . , xn} (1)
The characteristic data of each sample is expressed as:

xi1, xi2, xi3, . . . , xin( ) i � 1, 2, 3, . . . , n (2)
The fuzzy relationship between samples can be established by

calculating the similarity coefficient, correlation coefficient, distance
or other quantities representing similarity between samples, and
written in matrix form. Namely:

R �
x11 x12 x13 . . . x1n
x21 x22 x23 . . . x2n
. . . . . . . . .
xn1 xn2 xn3 . . . xnn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
n×n

(3)

This fuzzy relationship is reflexive (γii � 1) and symmetric
(γij � γj1), but generally not transitive.

According to the fuzzy comprehensive assessment and regional
competitiveness assessment index system, the assessment model is
established. In order to obtain an optimal fuzzy classification, a
classification criterion is needed, the objective function is defined
as the weighted distance between the sample and the cluster center,
and the weighting coefficient is the q power of the membership

function of the sample. Therefore, the fuzzy clustering problem can
be described as the following optimization problem:

min J U,V( ) � ∑n
k�1

∑c
i�1

uq
ik dik( )2( ) (4)

s.t.∑c
i�1
uik � 1 k � 1, 2, 3, . . . , n( ) 0≤ uik ≤ 1 (5)

Among them, uik is the membership degree of the sample
belonging to the i class; V is the set of C cluster centers. When
q � 1, fuzzy clustering degenerates into hard C-means clustering. dik
represents the distance between the sample xk and the i cluster center,
which is defined as:

dik � xk − vi‖ ‖2A � xk − vi( )TA xk − vi( ) (6)
Where A is the positive definite matrix of P × P. When A � I, it is the
euclidean distance. Figure 2 shows the assessment map of Jing-Jin-Ji
low carbon economic integration.

Industrial agglomeration, industrial division of labor and
economies of scale are the dynamic effects of regional economic
integration. New spatial economics, new international trade theory
and industrial agglomeration theory show that the free flow of factors
caused by regional economic integration plays a key role in forming
industrial agglomeration and improving regional competitiveness.
After establishing the scope of index screening, the principle of
index screening should be considered. Due to the complexity and
diversity of socio-economic indicators, the following principles must
be followed when selecting indicators: (1) Objectivity. (2)
representativeness. (3) Comprehensiveness. (4) Independence. (5)
Comparability. (6) Availability. (7) Scientific. Because the core
elements of regional competitiveness should be based on regional
specialization economy and learning effect, the core elements of
regional competitiveness can be decomposed into three secondary
indicators: trading awareness, trading behavior and trading means.
The auxiliary elements of regional competitiveness are divided into
three indicators: government management ability, the relationship
between government and enterprises, and the degree of regional
openness. Through the analysis of the history and general situation
of the transformation of labor employment structure in Jing-Jin-Ji,
and the relationship between labor employment growth and economic
growth, this article finds that from the long-term trend, with the
growth of economy, the labor force in the primary industry will
continue to decline. The labor force in the secondary and tertiary
industries is constantly rising; The structure of the labor force
gradually tends to be reasonable. In this article, the “time distance”
between the two places is used to replace the economic distance
between cities in Jing-Jin-Ji urban agglomeration, that is, the time it
takes for the two cities to travel in a normal way. Therefore, the
function used to express the “economic distance” between cities in
Jing-Jin-Ji is as follows:

Fij � α pH + β pG (7)

Among them, the “economic distance” between Jing-Jin-Ji cities is
represented by Fij; The time it takes for the railway to travel between
two cities is expressed as H; The time required by the road between
two cities is G; α represents the weight of the transportation volume of
the railway transportation mode; β indicates the weight of freight
volume transported by road transportation. Among them:
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α + β � 1 (8)
Two groups of deviation variables d+j and d

−
j are introduced, which

respectively represent the positive and negative deviation between the
j-th target value and its expected target value. The objective function
of the objective programming is to find the sum of absolute values of
errors, namely:

e � min∑K
j�1

d+
j + d−

j( ) (9)

If the meaning of the error of each objective of the original
problem is different, then the linear weighted sum of the absolute
value of the error can be found, that is:

E � min∑K
j�1
λi d

+
j + d−

j( ) (10)

Where λi is the weight coefficient of the j target. To use the sum of
absolute errors as the objective function, the following constraints
should be considered:

fj X( ) + d−
j � d+

j + f*
j d+

j ≥ 0 d−
j ≥ 0 (11)

The weighted mathematical model of goal programming is:

min
X∈R

∑K
j�1

d−
j + d−

j( ) (12)

s.t.
fj X( ) − d+

j + d−
j � f*

j

d+
j , d

−
j , X≥ 0{ j � 1, 2, 3, . . . , k (13)

For the missing index values, this article considers the cluster
analysis of the complete index data of other provinces and cities
first, and then classifies them into the nearest category by the
nearest neighbor discriminant method according to the indexes
that are not missing. In this article, a wide range of assessment

indexes: MSE (Mean squared error), RMSE (Root mean square
error) and MAE (Mean absolute error) are used to test and analyze
the algorithm. Here are the specific formulas of these four
indicators:

MSE � 1
n
∑n
k�1

yk − y
�
k( )2 (14)

RMSE �
�������������
1
n
∑n
k�1

yk − y
�
k

∣∣∣∣ ∣∣∣∣( )2√√
(15)

MAE � 1
n
∑n
k�1

yk − y
�
k

∣∣∣∣ ∣∣∣∣ (16)

Where yk is the actual value and y
�
k is the output value. In order to

adapt to different expected output modes, different network
structures are selected in the specific implementation stage of
the algorithm, and the corresponding training results are
obtained by training them respectively. Then, different training
results are analyzed and compared, and the most appropriate
training result is selected as the output result of pattern
classification.

4 Result analysis and discussion

4.1 Prediction and simulation of regional
economic expansion in Jing-Jin-Ji

With the help of Kernel density estimation and exploratory spatial
data analysis, this paper discusses the space-time characteristics and
evolution trend of per capita GDP in 157 counties in Beijing Tianjin
Hebei region from 2010 to 2017. If enterprises want to achieve
sustainable development under the rigid constraints of carbon
peaking and carbon neutralization, they must meet the latest

FIGURE 2
Assessment map of Jing-Jin-Ji low carbon economic integration.
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requirements of carbon emission reduction and improve the value of
carbon assets. Thirdly, institutions of higher learning and scientific
research institutions have the advantages of talents and technology to
provide technical support and intelligent support for the integrated

development of regional low-carbon economy; Financial institutions
can give play to the financial attribute of carbon, expand the scale of
investment and financing, and promote the coordinated development
of their industries. The continuous expansion of population will exert
great pressure on the growth of the whole society and even the whole
regional economy, directly affecting the sustainable growth of
population and economy, and thus related to the implementation
of the strategy of taking the lead in realizing modernization. Therefore,
accurately predicting the population size of Jing-Jin-Ji in the next few
years can provide a scientific basis for regional economic expansion
decisions and accelerate the growth of regional economy. In addition,
the CPI is an economic index that reflects the change of a country’s
consumer level, and it can indirectly reflect the price change of

TABLE 1 Errors of the algorithm.

Algorithm MSE RMSE MAE

Qualitative Evaluation 5.04 0.612 2.13

Quantitative Evaluation 6.07 0.637 1.94

Fuzzy control evaluation 4.64 0.513 1.29

FIGURE 3
MSE experimental results.

FIGURE 4
RMSE experimental results.
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consumer goods purchased by households in China. In this section,
the fuzzy assessment model of regional economy is used to predict the
growth of Jing-Jin-Ji economy, and the effectiveness of the algorithm
proposed in this article is verified. The errors of this algorithm are
shown in Table 1.

The development samples of Beijing Tianjin Hebei region were
sampled by random sampling without duplicate samples. Now the
algorithm in this article is compared with other algorithms, and the
error of the algorithm is analyzed. Firstly, 450 samples were randomly
selected, and several error indexes of different algorithms were drawn
respectively. The MSE comparison of different algorithms is shown in
Figure 3. RMSE comparison of different algorithms is shown in

Figure 4. The MAE comparison of different algorithms is shown in
Figure 5.

From the data analysis in Figures 3–5, this paper studies the results
of regional economic evaluation using SDM model. The analysis
results of SDM model show that economy and energy are the
causes of environment. Economic development has its own inertia,
and energy drives economic development; economic, energy and
environmental variables are interrelated in space. It is necessary to
properly handle the solid waste in time and be alert to the pollution
caused by waste gas and water. Compared with other algorithms, the
data results of MSE, RMSE and MAE of this algorithm are impressive.
The algorithm has small error and good performance.

FIGURE 5
MAE experimental results.

FIGURE 6
Comparison of recall rates of different models.
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In this article, in order to eliminate the error of distance
measurement caused by index correlation, several irrelevant factors
must be summarized from the data, which requires factor analysis of
the data. Before factor analysis, the data should be standardized to
eliminate the influence of index dimension and magnitude. In this
article, the standard score method is selected to standardize the data.
After the experiment, the recall rates of different models are compared
as shown in Figure 6. Comparison of F1 values of different models is
shown in Figure 7.

In this article, the input-output model can be used to make various
investment-related calculations, simulate investment policies, and
provide scientific basis for formulating investment policies. The
fund occupancy matrix table and the fund occupancy coefficient
need to be solved. When building a dynamic input-output model,
the fund occupancymatrix and fund occupancy coefficient are another

important tool to establish the dynamic relationship between
investment and total output. A dynamic input-output model can
also be established to directly link investment with production.
This requires the model to have certain accuracy. Table 2 and
Figure 8 show the comparison of accuracy of different models.

According to the above analysis results, when the training times
are reached, the training is terminated. It is found that the accuracy of
this algorithm is higher than other algorithms. In fact, fuzzy control
rules are a set of multi-conditional statements, which can be expressed
as fuzzy relations from the input variable Universe to the output
Universe. The fuzzy control rules in this article consist of 28 sentences,
which express the fuzzy relationship between core competitiveness
elements and auxiliary competitiveness elements to regional
competitiveness. The fuzzy control assessment of regional economy
is applicable to the assessment of regional economic growth of various
economic regions, provinces and cities with rapid growth of network
economy. The running efficiency of different algorithms is shown in
Table 3 and Figure 9.

In order to verify the reliability of the method, many experiments
are carried out in this section. The final experiment shows that the
accuracy of the proposed algorithm is high, reaching 95.14%.
Moreover, the algorithm has higher efficiency and better
performance. The results show that the fuzzy control assessment
algorithm of regional economy can well predict the growth of Jing-
Jin-Ji economy.

On the whole, the commonness is that the spatial distribution of
per capita GDP in the counties of Beijing, Tianjin and Hebei shows a
high concentration with Beijing, Tianjin, Tangshan and Langfang as
the core. The county economic growth in the Beijing Tianjin Tangshan
region is still dominant, and the spatial pattern has not changed for
many years. And the counties with high and low concentration are
mostly distributed around the Beijing Tianjin Tangshan area, showing
a typical “center periphery” spatial structure. The spatial
agglomeration pattern of most counties in central and southern

FIGURE 7
Comparison of F1 values of different models.

TABLE 2 Accuracy of the model.

Iterative index Accuracy

350 87.655

375 86.915

400 88.046

425 83.958

450 85.527

475 87.761

500 91.811

525 91.966

550 91.734

575 95.694
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Hebei is not significant, and the radiation and driving role of
Shijiazhuang as the provincial capital city is not significant. The
economic growth pole that radiates the central and southern Hebei
has not been formed, and the positive spatial spillover effect on the
surrounding areas is not significant. The spatial pattern of low and low
concentration areas is relatively stable. On the one hand, it is affected
by its own economic foundation, resource endowment, location
conditions and other factors. On the other hand, it is also related
to the rapid development of the surrounding county economy. In
general, the economic growth among counties in Beijing, Tianjin and
Hebei is still uneven, and the gap between counties in Hebei Province
and Beijing and Tianjin is still large. The spatial spillover pattern with
Beijing Tianjin Tangshan region as the core and spreading to the
periphery still appears. As the provincial capital, Shijiazhuang has not

yet formed a space spillover to the surrounding areas, and it still needs
a long way to become the third pole of economic growth in Beijing,
Tianjin and Hebei.

4.2 Jing-Jin-Ji low carbon economic
integration strategy

Technological innovation is the forerunner and prerequisite for
the integrated development of regional low-carbon economy, among
which regional system integration is one of its development trends. On
the basis of technological innovation, based on the innovation and
breakthrough of single carbon emission reduction technology, such as
carbon capture technology, carbon utilization technology, etc.,
regional system integration of multiple technologies is gradually
developed, which provides the basic conditions for the integrated
development of regional low-carbon economy. While forming
technology integration, it also forms system integration,
management integration, etc. to realize the integrated development
of regional low-carbon economy. After the overall regional planning
forecast is completed, the specific implementation is the problem of
regional coordinated development. Regional coordinated
development is a complex social system engineering. On the basis
that all parties in the region have the same Scientific Outlook on
Development, it is the primary task of regional coordinated
development to determine the development countermeasures. How
to base on the actual situation of Jing-Jin-Ji, focus on the requirements
of future development, and realize coordinated development in all
aspects of spatial integration, industrial integration and market
integration is an important breakthrough for Jing-Jin-Ji to upgrade
its development level and level in the future. The experimental results
in the previous section show that the fuzzy control assessment
algorithm of regional economy proposed in this article can well

FIGURE 8
Accuracy of different models.

TABLE 3 Operating efficiency of the algorithm.

Transaction set Operational efficiency

350 0.259

375 0.269

400 0.268

425 0.253

450 0.244

475 0.285

500 0.28

525 0.317

550 0.39

575 0.335
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predict the growth of Jing-Jin-Ji economy. Based on the results of the
model’s prediction and simulation of Jing-Jin-Ji low carbon economic
expansion, this section puts forward some suggestions on the
development strategy of Jing-Jin-Ji low carbon economic
integration, as follows:

(1) Jing-Jin-Ji is a community of interests, and it was formed under
the conscious and organized guidance of the governments of the
three places. Therefore, it is necessary for the three governments
to make unified planning and deployment for the future growth of
Jing-Jin-Ji. The specific planning will play a positive role in
promoting the regional economic growth of Jing-Jin-Ji because
of the implementation and formulation of the strategy, which is
the need of enriching the people and strengthening the region, the
major problem facing Jing-Jin-Ji, and the need of ensuring the
rapid growth of the region.

(2) To realize regional economic integration, it is need to integrate the
development goals of each region and form a consensus on the
goals. The goal is to realize the equalization of basic public services
in Jing-Jin-Ji, and pursue social equity. Among them, improving
the consciousness of changing the appearance of economically
backward areas is the foothold to solve the problem of unbalanced
regional economic expansion; Strengthening opening to the
outside world is an important way to solve the problem of
regional economic imbalance; Strengthening the economic
exchanges among different regions is the catalyst to realize the
coordinated development among regions.

(3) We must fundamentally solve the contradiction between
economic expansion and ecological environment, realize the
ecological transformation of economic expansion, and change
the mode of economic expansion is the key. In addition, in order
to break the geographical division, it is need to establish a unified
and open human resources market and an open human resources
market system in Jing-Jin-Ji.

(4) The economic growth of Jing-Jin-Ji should also be included in the
long-term planning of national economic expansion, and this area
should be considered as an economic whole. Although the effect of
economic expansion will not be too obvious in a short period of
time, its development direction should at least meet the general
requirements of “Theory of Three Represents” and building a
well-off society in an all-round way, and promote multi-level
alliance to seek common development.

(5) Finally, in order to adapt the informatization construction to the
economic expansion, the state needs to actively adjust the
informatization development strategy; Increase investment,
improve policy guarantee and other measures, promote the
“leap-forward” growth of informatization, and promote the
growth of regional economic integration in Jing-Jin-Ji.

(6) According to the requirements of the state, the development
differences of cities in the Jing-Jin-Ji should be clearly defined,
and the advantages of cities in each region should be
complementary, mutually beneficial and win-win and
coordinated. Give full play to the advantages of capital
resources and talent information; Plus Tianjin’s port
advantages and industrial development advantages; Combining
with the own conditions of manufacturing industry and labor
force in Hebei Province, we should form a reasonable division of
labor, define the development orientation of the three places, and
form a complete economic expansion zone.

The carbon emissions of energy consumption in Beijing,
Tianjin and Hebei have continued to increase with the
expansion of economic scale, and they have not yet been
completely decoupled. Hebei’s higher carbon emission growth
rate than Beijing and Tianjin hinders the rise of the level of
coordinated regulation. Energy intensity and industrial structure
upgrading synergy both curb carbon emissions in Beijing, Tianjin
and Hebei. Capital efficiency promotes carbon emissions in Beijing,

FIGURE 9
Running efficiency of different algorithms.
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while curbing carbon emissions in Tianjin and Hebei. In addition,
labor productivity is an important intermediary factor in Beijing
and Hebei, and economic growth is an important intermediary
factor in Tianjin. This shows that the supply factors in Beijing,
Tianjin and Hebei indirectly affect carbon emissions mainly by
affecting labor productivity and per capita GDP. The rapid growth
of labor productivity is not conducive to controlling the peak time
of Beijing Tianjin Hebei. Regulating the rise of capital efficiency is
an important path to improve the level of coordinated emission
reduction in Beijing Tianjin Hebei. It is not only conducive to
reducing carbon emissions in the three regions, but also can fill the
gap in emission reduction. The need to improve energy efficiency
and adjust the scale and flow of capital is an important path for
Beijing and Hebei to achieve high-quality carbon peak.

5 Conclusion

The comprehensive growth of Jing-Jin-Ji urban agglomeration has
become a national strategy, and its importance is self-evident. At present,
the most important thing to promote the integrated growth of Jing-Jin-Ji
is to promote the regional economic integration of Jing-Jin-Ji. Based on
this, this article studies a fuzzy control assessment algorithm of regional
economy combined with SDM model, and analyzes the influencing
factors of Jing-Jing-Ji cluster on regional economic integration.
Moreover, this article constructs a new index system of regional
economic competitiveness with dual spatial integration characteristics,
and gives a fuzzy assessment method and control rules after widely
collecting statistical data and soliciting expert opinions, thus forming an
operational regional economic assessment system. With this model, the
regional economic expansion forecast of Jing-Jin-Ji is realized, and then
the regional economic integration strategy of Jing-Jin-Ji is put forward.
The establishment and application of Jing-Jin-Ji low carbon economic
integration model is a scientific exploration. It not only makes the basic
data accurate and complete, but also makes the relevant models easy to
systematize, and enables scientific methods to be based on reliable data. It
ensures the advanced research methods and the feasibility of the research
results, and provides a way for the research of other regional economic
integration. The final experiment shows that the accuracy of the proposed
algorithm is high, reaching 95.14%. Moreover, the algorithm has higher
efficiency and better performance. The results show that the fuzzy control
assessment algorithm of regional economy can well predict the growth of
Jing-Jin-Ji economy. This study is expected to further promote the
integrated growth of Jing-Jin-Ji and promote the adjustment and
optimization of China’s economic structure. It is believed that with the
strengthening of Beijing’s urban functions, the further construction of
Tianjin Free Trade Zone and the expansion of the new district, Jing-Jin-Ji
urban agglomeration is expected to become a brand-new high-quality
economic growth pole in the north.

The system proposed in this paper still needs to be improved step
by step, and is subject to the continuous test of regional economic
practice. Although the evaluation time of each batch of fuzzy control is

only a few seconds, more decision groups are still needed to realize it.
The direction to be improved in the future mainly includes: the
realization of online evaluation and the realization of group
decision support system. Expansion of evaluation and weighting
method library. Construction of template library; How to realize
automatic knowledge acquisition. For example, using artificial
neural network, genetic algorithm support vector machine and
other methods.
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