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The Beijing–Tianjin–Hebei (BTH) region is a top urban agglomeration of China but has the problem of severe environmental
pollution. Most of the current researches on the sustainable development of this region only concentrate on the environmental
pollution itself and ignore its relationship to the socioeconomic development. In this research, an entropy-based coupling model,
a polynomial equation with partial least squares algorithm, and socioeconomic and environmental data in 2006–2015 were used to
measure and fit the above relationship. Empirical analysis led to the following conclusions. (1)Beijing, Tianjin, andHebei presented
similar socioeconomic developmentmodes but different environmental pollutionmodes. (2)Thesocial economyof the BTH region
has been developing at the expense of environmental pollution, but the environmental cost has been decreasing year by year. (3)At
present, the BTH region has huge potential to improve its environment. (4) Increasing the investment in the treatment of industrial
pollution in Tianjin and mitigating the soot (dust) emissions in Tianjin and Hebei are the major environmental policy directions.(5)Controlling the development of smelting and pressing of ferrousmetals and other buildingmaterial sectors inHebei is themajor
economic policy direction.

1. Introduction

The Beijing–Tianjin–Hebei (BTH) region is one of the most
dynamic but seriously polluted urban agglomerations in
China [1, 2]. The aim of this research is to measure the cou-
pling relationship between socioeconomic development and
environmental pollution in the BTH region, fit the changing
trend of this relationship, and offer policy implications to
guide the sustainable development of this region.

The BTH region is located in the heart of China’s Bohai
Rim. It covers about 2.26% of China’s territory (217.16 thou-
sand km2) and is inhabited by almost 8.09%of the population
of China (112.47 million people) [3–5]. At present, the
BTH, Pearl River Delta, and Yangze River Delta are China’s
top three urban agglomerations. The three regions produce
approximately 10.20%, 10.91%, and 20.62% of China’s GDP
and contributed 11.26%, 14.45%, and 26.41% to GDP growth,
respectively [1]. However, unlike the latter two regions, the
BTH region faces serious environmental pollution. On 22

July 2018, a report released by China’s Ministry of Ecology
and Environment shows that one-fourth of the most polluted
cities in China are located in the BTH region and nearly all
cities in this region do not meet the air quality standards
recommended by the World Health Organization [2, 6].
Environmental pollution not only has led to the deterioration
of living conditions in the BTH region but also threatens
the economic development [7]. China will face the risk of
losing this important economic growth engine if the effects
of environmental pollution are not mitigated.

Although the environmental and economic issues of the
BTH region have gained the attention of researchers, most
studies focus on three areas as follows. (1) Impacts of envi-
ronment pollution: Zhang et al. [8] used city-level panel data
to explore the influence of urban pollution on labor supply.
Their research results indicated that the above impact is
nonlinear, and the extent of impact is affected by income level.
Zhu et al. [9] adopted Lagrange Multiplier test and Spatial
DurbinModel to investigate the relationship between foreign

Hindawi
Discrete Dynamics in Nature and Society
Volume 2019, Article ID 1570364, 10 pages
https://doi.org/10.1155/2019/1570364

http://orcid.org/0000-0002-0221-0744
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/1570364


2 Discrete Dynamics in Nature and Society

direct investment and sulfur dioxide (SO2) emissions in the
BTH region. They confirmed the existence of the causality
of the above two variables. (2) Cause and countermeasure
of environment pollution: A positive Matrix Factorization
research conducted by Gao et al. found that PM2.5 pollution
in the BTH region was dominated by vehicle and combustion
emissions, including coal burning and biomass combustion,
and soil and construction dust emissions [10]. Wang et al. [11]
evaluated the impacts of thermal power plants on air quality
in the BTH region. These emissions contributed 38%, 23%,
23%, 24%, and 24% of CO2, SO2, NO2, PM2.5, and PM10,
respectively. Based on studies on pollution sources,Wang and
Zhao [12] proposed a Joint Prevention and Control of Atmo-
spheric Pollution program to control PM2.5 and PM10 in
the BTH region. (3) Adjustment directions for development
policies to mitigate environment pollution: Zhang et al. [13]
proposed a vulnerability assessment method of atmospheric
environment associated with human impact to identify and
prioritize the undesirable environmental changes. Decision
makers can make appropriate development policies based on
the vulnerable results. Fang et al. [14] applied Gini coefficient
and Technique for Order Preference by Similarity to an Ideal
Solution to measure the performance of collaborative devel-
opment in the BTH region. They proposed that optimizing
investment structures and establishing an ecological com-
pensation mechanism contribute to smooth collaborative
development. These studies offer useful suggestions to guide
economic development and/or pollution mitigation, but fail
to draw policy implications based on descriptions of the
general relationship between economy and environment in
terms of coupling degree and driving factor.The goals of this
research are measuring and fitting the coupling relationship
between socioeconomy and environment in the BTH region.
Based on the empirical results, some policy implications are
offered to prompt the sustainable development.

In 1955, Kuznets [15] proposed a hypothesis that the
relationship between various indicators of income inequality
and economic development presents an inverted 𝑈-shaped
curve. In the early 1990s, this inverted 𝑈-shaped curve was
used by Grossman and Krueger [16, 17] to fit the relationship
between economic growth and environmental pollution. It
was later named Environmental Kuznets Curve (EKC) by
Panayotou [18]. In the next two decades, the EKC analysis
was widely used in many countries and regions [19, 20].
However, when used in these studies, the EKC has two
limitations. For one thing, the EKC needs only one indicator
to reflect economic growth and one indicator to measure
environmental pollution. However, both economic growth
and environmental pollution are very complex, and it is
difficult to select one indicator to represent each of them. For
example, the economic development of China manifests not
only as scale expansion but also as structure upgrade. Obvi-
ously, both aspects have impacts on environmental pollution,
and using one indicator (e.g., GDP output) in EKC analysis is
hence improper. For another, as a developing country, China
also has unstable economic and environmental policies.Thus,
EKC presents different shapes in China for different indi-
cators and time spans. Some studies supported the inverted𝑈 shape [21–23], but others recommended different figures

[24, 25]. The best fitting equation for the EKC in China is
difficult to ascertain, especially in the short term.

In this research, a multi-indicator system and an entropy
weight evaluation method were used to evaluate the socioe-
conomic development and environmental pollution levels.
Derived from the entropy information theory, this method
ascertains the weight of an indicator is based on its infor-
mation scale. This idea can ensure that the obtained weights
have the maximum differentiation ability to the evaluation
objects [26]. It is especially suitable for the situations that
the importance of the evaluation indicator is close, just as
the evaluation issue of this research. To precisely fit the
relationship between the above two levels, a coupling coordi-
nation degree model and a polynomial equation that has the
ability to fit a variety of trends were used. Furthermore, the
partial least squares (PLS) algorithm was used to estimate the
parameters of the multivariate equation. Compared with the
traditional ordinary least squares (OLS) algorithm, the PLS
can obtain more stable parameters using small samples.

The remainder of this paper is organized as follows.
Section 2 illustrates the methodology and data used in this
research. Section 3 lists the modelling results, and Section 4
discusses them. Section 5 concludes the research and offers
policy implications.

2. Methods and Data

2.1. Coupling Coordination Degree Model. To measure the
coupling coordination degree of the socioeconomic develop-
ment and environmental pollution, the scores of the above
two indicators should be calculated first by the entropyweight
evaluation method. The modelling process of the entropy
weight evaluation method is introduced as follows.

Supposing 𝑚 indicators are used to evaluate 𝑛 objects,
and 𝑥𝑖𝑗 is the static of the 𝑗th indicator in the 𝑖th object, the
preprocessing step to the indicator statistics is

𝑦𝑖𝑗 = 𝑥𝑖𝑗∑𝑛𝑖=1 𝑥𝑖𝑗 . (1)

The algorithmof (1) can eliminate the impacts of the static
units to the evaluation results. Based on the pre-processing
results, the information entropy of the 𝑗th indicator is a
measure of its chaos situation, calculated by

𝑒𝑗 = −∑𝑛𝑖=1 𝑦𝑖𝑗 ln𝑦𝑖𝑗
ln 𝑛 . (2)

Obviously, 𝑒𝑗 ∈ (0, 1].Themore information 𝑗th indicator
has, the larger 𝑒𝑗 is. Based on the information entropy, the
evaluation weight of the 𝑗th indicator is obtained by

𝑤𝑗 = (1 − 𝑒𝑗)
∑𝑚𝑗=1 (1 − 𝑒𝑗) . (3)

Then, the evaluation result (score) of the 𝑖th object is

𝑅𝑖 = 𝑚∑
𝑗=1

𝑦𝑖𝑗𝑤𝑗 (4)



Discrete Dynamics in Nature and Society 3

Supposing 𝑅𝑆 and 𝑅𝐸 are evaluation scores of socioe-
conomic development and environmental pollution, respec-
tively, the coupling coordination degree is as follows [27]:

𝐷 = √𝐶𝑇, (5)

where𝐶 = √𝑅𝑆𝑅𝐸/[(𝑅𝑆 + 𝑅𝐸)/2]2 and 𝑇 = 𝛼𝑅𝑆 +𝛽𝑅𝐸; 𝛼 and𝛽 denote the contributions of socio-economic development
and environmental pollution to the comprehensive system,
respectively.

The difference of 𝑅𝑆 and 𝑅𝐸 identifies the lagging factor.
For example, 𝑅𝑆 > 𝑅𝐸 implies that socioeconomic develop-
ment is ahead of environment pollution.

2.2. Polynomial Fitting Equation. Thepolynomial equation is
written as follows:

𝑦 = 𝑏0 + 𝑏1𝑡 + 𝑏2𝑡2 + ⋅ ⋅ ⋅ 𝑏𝑝𝑡𝑝, (6)

where 𝑡 refers to time; 𝑦 is explained variable; and 𝑏0–𝑏𝑝 are
regression parameters.

The Weierstrass approximation theorem has proven that
any continuous function can be uniformly approximated by
(6) [28].

The specific form (number of independent variables)
of (6) is determined by the following akaike information
criterion (AIC) and schwarz criterion (SC).

𝐴𝐼𝐶 = 𝑒2𝑝/𝑛𝑅𝑆𝑆𝑛 , (7)

𝑆𝐶 = 𝑛𝑝/𝑛𝑅𝑆𝑆𝑛 , (8)

where 𝑛 is the sample number used for parameter estimation;
RSS is the residual sum of squares.

The above two criteria have similar function. The lower
their values are, the better the equation is.

Considering the equation structure of (6), the multi-
collinearity phenomenonmaywell exist between the explana-
tory items.Moreover, the smaller sample size can increase the
multicollinearity extent [29]. If the traditional OLS algorithm
is used to estimate the parameters of (6), unstable estimations
are obtained. The following PLS algorithm can obtain stable
regression parameters in the abovementioned environment
[30].

Let

𝑋 = [𝑥𝑖𝑗] = [[[[[
[

1 1 ⋅ ⋅ ⋅ 1
2 22 ⋅ ⋅ ⋅ 2𝑝
⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅
𝑛 𝑛2 ⋅ ⋅ ⋅ 𝑛𝑝

]]]]]
]

, (9)

and the following preprocessing process is essential:

𝐸0 = [𝑥∗𝑖𝑗] = [𝑥𝑖𝑗 − 𝑚𝑒𝑎𝑛 (𝑥𝑗)
𝑠𝑡𝑑 (𝑥𝑗) ] , (10)

𝐹0 = [𝑦∗𝑖 ] = [𝑦𝑖 − 𝑚𝑒𝑎𝑛 (𝑦)
𝑠𝑡𝑑 (𝑦) ] . (11)

The first component can be extracted by the following:

𝑐1 = 𝐸0𝑤1. (12)

where𝑤1 = (𝐸𝑇0 ∗ 𝐹0)/‖𝐸𝑇0 ∗ 𝐹0‖ and ‖𝑤1‖ = 1.
Let 𝐹1 and 𝐸1 be the residual vector (matrix) of 𝐹0 and 𝐸0

explained by 𝑐1, respectively, and replace 𝐸0 and 𝐹0 with 𝐹1
and 𝐸1 in (12); the second component (𝑐2) is then extracted.
Using a similar algorithm, more components can also be
obtained.

The number of extracted components must be proper
because too many components will introduce stochastic
information into the final equation. In general, as the first
component (𝑐1) represents the most important quantity rela-
tionship between the explained and the explanatory variables,
it should be directly introduced into the final equation.
Beginningwith the second component (𝑐2 ), the importance of
extracted components should be tested one by one. Reserving
or abandoning a component is decided by the following cross
efficiency indicator [31].

When testing the importance of the ℎth component, a
fitting equation using the first ℎ components and 𝑛-1 samples
(the 𝑖th sample is excluded) is estimated, and the fitting
result of this equation to the 𝑖th sample is written as 𝑦ℎ(−𝑖).
Moreover, a fitting equation using the first ℎ-1 components
and all samples is also estimated, and the fitting result of this
equation to the 𝑖th sample is written as 𝑦(ℎ−1)𝑖. Using the two
abovementioned fitting results, the cross efficiency of the ℎth
exponent is measured by

𝑄2ℎ = 1 − ∑𝑛𝑖=1 (𝑦𝑖 − 𝑦ℎ(−𝑖))2
∑𝑛𝑖=1 (𝑦𝑖 − 𝑦(ℎ−1)𝑖)2 . (13)

In (13), a small ∑𝑛𝑖=1(𝑦𝑖 − 𝑦ℎ(−𝑖))2 implies that the firstℎ components have contained the useful information and a
large ∑𝑛𝑖=1(𝑦𝑖 − 𝑦(ℎ−1)𝑖)2 means the first ℎ-1 components are
not sufficient. According to the statistic experience, for theℎth exponent,𝑄2ℎ ≥ 0.0975 implies that the importance of this
component is notable and it should be reserved. Otherwise,
it should be abandoned. As the importance of variables
decreases one by one and if the ℎth component is abandoned,
there is no need to test the importance of the next component
(abandoned directly). However, if the ℎth component is
reserved, the importance of the next component should be
tested until the first abandoned component appears. As the
process of component extraction is efficient in gathering
useful information, the number of reserved components
usually does not exceed three.

Supposing 𝑚 components are reserved, an equation
between 𝐹0 and the components can be obtained by the OLS
algorithm, as follows:

𝐹0 = 𝑟1𝑐1 + 𝑟2𝑐2 + ⋅ ⋅ ⋅ 𝑟𝑚𝑐𝑚 (14)

Using the inverse calculation of the preprocessing and
component extracting processes, the linear regression equa-
tion of 𝑦 to 𝑡 can be obtained from (14).
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Table 1: Selected indicators and their corresponding codes.

Socio-economic development Environmental pollution
Code Indicator Code Indicator
S1 Resident population E1 Investment completed in the treatment of industrial pollution
S2 Annual disposable income per capita E2 Total energy consumption
S3 Gross product of primary industry E3 Total volume of industrial waste gas emission
S4 Gross product of the secondary industry E4 Total volume of sulfur dioxide emission
S5 Gross product of the tertiary industry E5 Total volume of soot (dust) emission

2.3. Data Selection. In this research, we selected five indica-
tors to evaluate the socioeconomic development and envi-
ronmental pollution levels, respectively, as shown in Table 1.
These indicators cover most aspects of socioeconomic devel-
opment and environmental pollution. To facilitate the follow-
up analysis, a code was assigned to each indicator.

Statistics of S1 and E1 were selected from the China Statis-
tic Yearbook (2007-2016) [1]; S2–S5 and E2 were obtained
from the Beijing Statistical Yearbook (2015-2016), Tianjin
Statistical Yearbook (2009-2016), and Hebei Economic Year-
book (2016) [3–5]; E3–E5 were obtained from the China
Statistical Yearbook on Environment (2007-2016) [32]. China
is presently adopting the “Five-year Plan” management mode
[33]. Development policies are adjusted every five years. The
year 2006 is the first year of China’s 11th five-year plan,
and during which period, the environmental problems in
the BTH region were taken seriously for the first time.
Considering that the latest available data are from 2015, the
timespan of sample collection covered 2006–2015. Table 2
shows the above selected data.

3. Results

3.1. Coupling Coordination Degree. Using the entropy weight
evaluation method and data in Table 2, the evaluation weight
vectors for socio-economic development and environmental
pollution in each province were calculated. It is important
to note that E1 (investment completed in the treatment of
industrial pollution) is an inverse indicator for environmental
pollution level. Thus, values of this indicator introduced
into the entropy weight evaluation method are reciprocals.
Moreover, besides Beijing, Tianjin, and Hebei, the indicator
statics for the whole BTH region were obtained using data in
Table 2, and the evaluation weight vector was also calculated.
These weight results are shown in Table 3.

The evaluation scores of socioeconomic development and
environmental pollution were obtained using data in Tables
2 and 3 and entropy weight evaluation method. Considering
that socio-economic development and environmental pollu-
tion are equally important, 𝛼 and 𝛽 are equal to 0.5 when
calculating the coupling coordination degree. Inputting the
obtained evaluation scores into (5), the coupling coordination
degrees were calculated. Table 4 lists the above results.

3.2. Trend Fitting. Trends of socioeconomic development
and environmental pollution scores and coupling coordi-
nation degree of the BTH region were fitted using (6).

Considering that the linear trend is too simple, and the trend
of high-order items is very sheer, this research considered
the forms of 𝑝 = 2 and 𝑝 = 3. The equation parameters
were estimated by the abovementioned PLS algorithm. After
parameter estimation, the AIC and SC indicators of each
equation were calculated. All related results are shown in
Table 5.

In Table 5, the AIC and SC results of 𝑝 = 2 are both larger
than those of 𝑝 = 3 for each explained variable. That is, 𝑝 = 2
in (6) is the best selection to fit the trends of socioeconomic
development score (𝑅𝑆), environmental pollution score (𝑅𝐸),
and coupling coordination degree (𝐷) of the BTH region.

4. Discussion

4.1. Indicator Contribution Analysis. Indicator weights in
Table 3 imply the relative importance of indicators for
socioeconomic development and environmental pollution
changes. Pie charts for these weights can reveal interesting
information, as shown in Figure 1.

As shown in Figure 1, compared with environmental
pollution, weights of indicators for socioeconomic develop-
ment (S1–S5) are similar among different regions.This means
that Beijing, Tianjin, and Hebei have similar socioeconomic
development modes during 2006–2015. In general, gross
product of the tertiary industry (S5) plays the key role in the
improvement of the socioeconomic level. The importance of
gross product of secondary industry (S4) and annual dispos-
able income per capita of urban households (S2) is roughly
equal. During the improvement process of socioeconomic
level, the contribution of gross product of primary industry
(S3) is a little less than the above two indicators and that of
population (S1) is negligible.

The above results indicate that this region has been
developing to the stage of post-industrialization [34]. Com-
pared with the primary and secondary industries, the tertiary
industry is more important in prompting the economic
development in this region. In fact, the value added share of
the tertiary industry in GDP has increased from 48.45% to
56.14% during 2006–2015. The major risk of socioeconomic
development in this region comes from the relatively low
growth rate of population. From 2006 to 2010, the aver-
age annual growth rate of population is only 1.7%. This
may cause workforce shortages, aging, and many other
problems.

Figure 1 also shows that the three regions present differ-
ent environmental pollution modes. In Beijing, investment
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Table 2: Selected data of the three regions for each indicator during 2006–2015.

Region Year S1 S2 S3 S4 S5 E1 E2 E3 E4 E5

Beijing

2006 16.01 19.98 8.54 217.79 585.45 1.01 53.99 464.10 0.176 0.050
2007 16.76 21.99 9.94 249.39 725.35 0.81 57.48 514.60 0.152 0.048
2008 17.71 24.73 11.14 259.29 841.07 0.78 57.86 431.60 0.123 0.048
2009 18.60 26.74 11.68 280.42 923.20 0.34 60.09 440.80 0.119 0.044
2010 19.62 29.07 12.27 332.57 1066.52 0.19 63.60 475.00 0.115 0.049
2011 20.19 32.90 13.44 367.80 1243.95 0.11 63.97 489.65 0.098 0.066
2012 20.69 36.47 14.81 396.26 1376.87 0.33 65.64 326.37 0.094 0.067
2013 21.15 40.32 15.96 429.26 1534.86 0.43 67.24 369.22 0.087 0.059
2014 21.52 43.91 15.90 454.48 1662.70 0.76 68.31 356.92 0.079 0.057
2015 21.71 52.86 14.02 454.26 1833.17 1.00 68.53 367.60 0.071 0.049

Tianjin

2006 10.75 14.28 10.34 245.71 190.23 1.50 45.00 651.20 0.255 0.080
2007 11.15 16.36 11.02 289.25 225.00 1.51 49.43 550.60 0.245 0.074
2008 11.76 19.42 12.26 370.98 288.67 1.68 53.64 600.50 0.240 0.070
2009 12.28 21.40 12.89 398.78 340.52 1.80 58.74 598.30 0.237 0.071
2010 12.99 24.29 14.56 484.02 423.86 1.65 60.85 768.60 0.235 0.065
2011 13.55 26.92 15.97 592.83 521.92 1.53 67.81 891.93 0.231 0.076
2012 14.13 29.63 17.16 666.38 605.85 1.26 73.26 903.22 0.225 0.084
2013 14.72 28.98 18.70 727.55 697.96 1.48 78.82 808.00 0.217 0.087
2014 15.17 31.51 19.99 773.19 779.52 2.21 81.45 880.00 0.209 0.140
2015 15.47 34.10 20.88 770.42 862.52 2.40 82.60 835.50 0.186 0.101

Hebei

2006 68.98 10.30 146.18 611.04 389.54 1.91 217.94 3925.40 1.545 0.723
2007 69.43 11.69 180.47 720.19 460.07 2.15 235.85 4803.60 1.492 0.623
2008 69.89 13.44 203.46 870.13 527.60 2.06 243.22 3755.80 1.345 0.568
2009 70.34 14.72 220.73 895.98 606.83 1.32 254.19 5077.90 1.253 0.519
2010 71.94 16.26 256.28 1070.77 712.38 1.09 262.01 5632.40 1.234 0.500
2011 72.41 18.29 290.57 1312.69 848.32 2.43 280.75 7718.49 1.412 1.322
2012 72.88 20.54 318.67 1400.36 938.48 2.36 287.63 6764.74 1.341 1.236
2013 73.33 22.23 338.20 1478.19 1027.91 5.12 296.64 7912.13 1.285 1.313
2014 73.84 24.14 344.75 1501.29 1096.08 8.90 293.20 7273.23 1.190 1.798
2015 74.25 26.15 343.95 1438.69 1197.98 5.42 293.95 7857.00 1.108 1.575

The units of S1 , S2 , and S3–S5 are million people, thousand yuan, and billion yuan, respectively. The units of E1 , E2 , E3, E4, and E5 are billion yuan, million
tons of standard coal equivalent, billion cubic meters, million tons, and million tons, respectively.

completed in the treatment of industrial pollution (E1) is
the single most important driving factor for the environment
changes. Except total volume of sulfur dioxide emission (E4)
has a contribution share of 11%, the impacts of other 3 factors
(E2, E3, and E5) are negligible. For Tianjin, the environment
changes derive mainly from treatment of industrial pollution
(E1), total energy consumption (E2), total volume of indus-
trial waste gas emission (E3), and total volume of soot (dust)
emission (E5). Their contribution shares vary from 19% to
33%. The contribution share of sulfur dioxide emission (E4)
(4%) is obviously lower than the above 4 factors. Differing
from Beijing and Tianjin, industrial pollution (E1) and total
volume of soot (dust) emission (E5) contribute 85% of the
environment changes. Besides, total volume of industrial
waste gas emission (E3) contributes 11%. Furthermore, if
considered as a whole, the change in environmental level
is mainly driven by treatment of industrial pollution (E1)
and total volume of soot (dust) emission (E5). Although less

important than E1 and E5, total volume of industrial waste gas
emission (E3) is also indispensable during the process of the
environment changes.

4.2. Coupling Coordination Trend Analysis. Trends of socioe-
conomic development score (𝑅𝑆), environmental pollution
score (𝑅𝐸), and coupling coordination degree (𝐷) of the BTH
region were fitted using the optimal estimated equations (𝑝 =2) shown in Table 5. In Figures 2(a)–2(c), the central solid
line is the fitting trend to the abovementioned indicators, and
the dashed lines above and below it are the ±10% deviation
boundaries to the fitting results. Moreover, the difference
of socioeconomic development and environmental pollution
scores (RS - RE) and its fitting curve are listed in Figure 2(d).

Figures 2(a)–2(c) show that socioeconomic development
score, environmental pollution score, and coupling coordi-
nation degree all present rising trends. The social economy
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Table 3: Evaluation weight for each indicator in each region.

Region S1 S2 S3 S4 S5 E1 E2 E3 E4 E5
Beijing 3.23 28.65 11.32 19.64 37.16 82.90 0.83 2.93 10.59 2.76
Tianjin 3.04 14.03 11.15 27.64 44.14 19.28 24.60 18.65 4.31 33.16
Hebei 0.18 23.07 20.06 23.22 33.47 50.23 1.72 11.47 1.61 34.97
BTH 0.68 22.60 18.05 23.67 35.00 35.07 3.31 13.57 2.79 45.27
The unit is%.

Table 4: Socio-economic development and environmental pollution scores and coupling coordination degree for each region in each year.

Year Beijing Tianjin Hebei BTH𝑅𝑆,𝐵 𝑅𝐸,𝐵 𝐷𝐵 𝑅𝑆,𝑇 𝑅𝐸,𝑇 𝐷𝑇 𝑅𝑆,𝐻 𝑅𝐸,𝐻 𝐷𝐻 𝑅𝑆 𝑅𝐸 𝐷
2006 0.059 0.052 0.235 0.048 0.091 0.257 0.054 0.094 0.267 0.053 0.086 0.260
2007 0.068 0.057 0.250 0.055 0.087 0.263 0.064 0.086 0.272 0.063 0.083 0.269
2008 0.076 0.055 0.254 0.068 0.086 0.276 0.074 0.084 0.281 0.073 0.078 0.275
2009 0.082 0.102 0.302 0.076 0.087 0.285 0.080 0.115 0.310 0.080 0.089 0.291
2010 0.092 0.168 0.353 0.090 0.091 0.301 0.093 0.134 0.335 0.093 0.099 0.309
2011 0.104 0.284 0.415 0.107 0.103 0.324 0.109 0.110 0.331 0.108 0.121 0.338
2012 0.114 0.104 0.331 0.121 0.112 0.342 0.120 0.106 0.336 0.119 0.117 0.344
2013 0.126 0.083 0.320 0.134 0.109 0.348 0.129 0.085 0.324 0.129 0.104 0.340
2014 0.134 0.052 0.290 0.146 0.126 0.368 0.136 0.091 0.334 0.137 0.114 0.354
2015 0.146 0.042 0.280 0.155 0.108 0.360 0.141 0.093 0.338 0.145 0.109 0.355

Table 5: Fitting equation parameters and AIC and SC results for socio-economic development and environmental pollution scores and
coupling coordination degree of the BTH region.

Explained variable 𝑝 Estimated parameters AIC SC

𝑅𝑆 2 [0.05291 0.00534 0.00046] 2.88e-005 3.06e-005
3 [0.06229 0.00336 0.00029 0.00003] 9.76e-005 1.07e-004

𝑅𝐸 2 [0.08244 0.00204 0.00016] 1.33e-004 1.41e-004
3 [0.08513 0.00138 0.00011 0.00001] 1.81e-004 1.98e-004

𝐷 2 [0.26062 0.00605 0.00051] 1.90e-004 2.02e-004
3 [0.27965 0.00313 0.00025 0.00002] 4.68e-004 5.12e-004

was developed at the expense of environmental pollution.
Figure 2(d) shows that the score difference is larger than 0
since 2012.Thismeans that the dependence of socioeconomic
developed on environmental pollution weakened since that
year. The Chinese government advocated the economic tran-
sition from extensive to intensive since the late 1990s and
adhered to this development direction for over 20 years. The
above results confirm the transition effect. Furthermore, the
rising trend of the coupling coordination degree indicates
that the BTH region still has huge potential to improve the
local environment. If the BTH governments are not satisfied
with the environmental quality, they can sacrifice part of the
economic growth in exchange for a better environment.

4.3. Outlier Analysis. As shown in Figure 2(c), the coupling
coordination degree of 2011 differs from its neighbors, and
should be considered an outlier. According to the fitting

results of Figures 2(a) and 2(b), this outlier comes from
abnormally severe environmental pollution. As shown in
the environmental pollution data in Table 2, it is easy to
find that severe environmental pollution in 2011 mainly
comes from huge energy consumption and energy-related
pollution emissions from Hebei. Figure 3 shows the energy
consumption (unit: million tons of standard coal equivalent)
of each sector in Hebei during 2006–2015.

As shown in Figure 3, the secondary industry has always
been the most important energy consumer in Hebei. During
2006–2015, its energy consumption share as high as 80.14%
[5]. As the leading steal producing province in China, the
smelting and pressing of ferrous metals sector consumed a
considerable amount of energy in the secondary industry of
Hebei (43.61% in 2006–2015) [1, 5]. In 2011, to support the
large-scale construction of infrastructure and real estate in
China, and also because the provincial government of Hebei
has not strictly limited the development of building material
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Figure 1: Pie charts of indicator weights for socioeconomic development and environmental pollution in each region.

sectors at that time, the smelting and pressing of ferrous met-
als and other related sectors went through an extraordinary
growth, which led to a sheer increase in energy consumption.
In fact, besides the smelting and pressing of ferrous metals,
output and energy consumption of other building material
sectors (e.g., cement) also greatly increased [5]. As the con-
sumption share of fossil energy in the total energy sources was
not less than 98.14% at that time, the abovementioned energy
consumption increase emitted significantly more pollutants
and aggravated the local environment [35]. Until 2 years later
in 2013, the Hebei provincial government began to increase
the investment in the treatment of industrial pollution and
limited the development of these sectors and then mitigated
the environmental pollution.

5. Conclusions

As one of themost important urban agglomerations of China,
the BTH region has been suffering severe environmental pol-
lution. To guide the sustainable development of this region,

this research used an entropy-based coupling coordination
degree model to measure the coupling relationship between
socioeconomic development and environmental pollution.
The research also used a polynomial equation with PLS
algorithm to fit the above relationship during 2006–2015.The
empirical analyses drew the following implications for the
socioeconomic and environmental policy adjustments of the
BTH region.

(1) Beijing, Tianjin, and Hebei presented similar socioe-
conomic development modes. In general, the gross
product of the tertiary industry is the most important
driver of socioeconomic development. The contri-
butions of annual disposable income per capita of
urban households, gross product of primary industry,
and gross product of the secondary industry were
close, and the impact of resident population was
negligible. Contrary to the socioeconomic devel-
opment mode, the environmental pollution of the
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Figure 2: Fitting results to socioeconomic development score, environmental pollution score, coupling coordination degree, and score
difference of the BTH region.

three regions was different. Change in Beijing’s envi-
ronment nearly only depended on the investment
completed in the treatment of industrial pollution.
Besides this factor, soot (dust) emissions were also
important for the environmental level of Hebei. As
to Tianjin, the above two factors, total energy con-
sumption, and industrial waste gas emission were all
important.

(2) The social economy of the BTH region has been
developing at the expense of the environment. During
2006–2015, the social economy developed, yet the
environment deteriorated. As socioeconomic devel-
opment was faster than that of environmental dete-
rioration, the environmental cost of socioeconomic
development decreased year by year.

(3) At present, the BTH region still possesses huge
potential to improve the local environment.The social
economy of the BTH region developed fast, although
the environment was severely polluted. If the BTH
governments are willing to accept a lower socioeco-
nomic development target, environmental pollution
will be effectively mitigated.

(4) Compared with Beijing and Hebei, the contribution
of investment completed in the treatment of industrial
pollution in Tianjinwas obviously less. Tianjin should

therefore increase investment in this area. More-
over, the soot (dust) emissions in Tianjin and Hebei
greatly contributed to environmental deterioration
and should then be strictly controlled.

(5) Energy-related pollutants emitted by the smelting and
pressing of ferrous metals and other building material
sectors in Hebei have significant impact on environ-
mental quality in the BTH region. Development of
these sectors should be strictly limited.
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