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To analyze the impact of the added value of primary, secondary, and tertiary industry on public attention to air pollution in
Handan, Xingtai, and Shijiazhuang, Baidu index is used to build the air pollution attention index. Taking the added value of the
primary, secondary, and tertiary industry as the influencing factors, fractional grey multivariable convolution model is used to
predict and analyze the public attention to air pollution in these three cities from 2020 to 2024. The results show that the secondary
industry has the greatest impact on the public’s attention to air pollution compared with the primary industry and the tertiary
industry. And the added value of the secondary industry with faster increase will cause a faster increase in the public’s air pollution
attention from 2020 to 2024, especially in Handan. It is not only helpful to air pollution control, but also helpful in solving the

public psychological problems caused by air pollution.

1. Introduction

Air pollution has always been the key issue of environmental
protection, which causes certain harm to human beings and
nature [1]. The harm of air pollution is manifold. First of all,
air pollution poses a threat to human health. It can not only
cause respiratory diseases such as bronchitis, asthma, em-
physema, and lung cancer [2], but also cause serious psy-
chological problems such as anxiety, fear, irritability, and
depression [3]. Secondly, air pollution will harm the growth
of plants and yield decline and quality damage [4]. Finally,
air pollution seriously affects the climate [5]. Excessive air
impurities will increase precipitation. Excessive substances
such as sulfur dioxide and carbon dioxide can easily lead to
acid rain and greenhouse effect. Therefore, the causes of air
pollution have been widely studied [6]. In fact, except for a
few natural causes, air pollutants are mostly produced by

human activities. Among them, industrial production is the
main source of air pollutants [7].

In recent years, due to the accelerating process of in-
dustrialization and urbanization, air control has become
more difficult [8]. Traditional air pollution prevention
measures, such as strengthening greening and promoting
clean energy, can effectively reduce air pollution [9, 10].
However, these methods not only require great efforts, but
the whole process may take a long time. In fact, we can
prevent and control air pollution by understanding the
public’s attention about air quality [11]. Individual’s at-
tention to air quality can reflect air quality more effectively
[12]. More targeted air quality control measures can be
obtained from the perspective of attention [13]. The at-
tention is used to analyze the evolution trends of fog and
haze in time and space [14]. The differences of smog at-
tention in China are discussed by multiple regression models
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for improving air quality [15]. The public’s willingness to
improve air quality in six cities was studied [16]. However,
These studies of attention are rarely combined with the
causes of air pollution. In fact, air pollution is mainly caused
by industrial production in most cities, especially in places
with serious air pollution [17]. Therefore, we will analyze the
public’s attention to air pollution from the perspective of
industrial development.

Considering the timeliness of data and the process of
urban development, the available annual data of industry is
limited. Therefore, the study of public’s attention to air
pollution is carried out on the grey model. Grey prediction
theory was put forward by Professor Deng to solve the
problem of uncertain data or small samples. In recent years,
grey prediction model has attracted more and more at-
tention because of its remarkable effect [18-20]. In the case
study of e-waste data in Washington, the nonlinear grey
Bernoulli model with convolution integral is optimized by
using particle swarm optimization algorithm [21]. Ma used
an algorithm to optimize the unbiased fractional discrete
multivariate grey model to explore the relationship between
power consumption and its related factors [22]. In order to
predict the power consumption in Shandong Province, Wu
optimized the multivariate grey model with fractional-order
accumulation by changing the order [23]. Ding designed the
lion ant colony optimization algorithm to determine the
optimal cumulative coefficient, which further improved the
prediction ability of the grey model [24]. In order to discuss
the relationship between emissions and economic growth,
the unequal gap grey Verhulst model is derived [25].

In addition, many scholars have also applied the grey
model to the study of air quality [26-28]. However, few
people use grey model to predict public attention to air
pollution. Therefore, the added value of the primary, sec-
ondary, and tertiary industries was taken as the influencing
factor, and the grey multivariate convolution model is used
to predict and analyze the public’s attention to air pollution.
The innovations of this paper are as follows: (1) Based on
Baidu index, the measurement method and prediction
model of air pollution attention are put forward. (2) The air
pollution attention of Handan, Xingtai, and Shijiazhuang
from 2020 to 2024 is predicted and analyzed by using the
proposed prediction model. The research results will help
improve air pollution and public mental health.

The rest of this paper is organized as follows. The re-
search area, measurement of air pollution attention, and data
sources are given in Section 2. The models and methods used
are introduced in Section 3. Section 4 analyzed the influence
of industrial added value on air pollution attention in
Handan, Xingtai, and Shijiazhuang. Section 5 is the con-
clusion and suggestions.

2. Research Area and Date Sources

2.1. Research Area. As shown in Figure 1, Handan, Xingtai,
and Shijiazhuang are located in Beijing-Tianjin-Hebei re-
gion, China, and have been suffering from serious air pol-
lution for many years [29-31]. Generally speaking, air
pollution problems in this area mainly come from the
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following aspects: first, industrial production. Industries of
coal and chemical in this area are relatively developed, which
emit a large amount of waste gas during production. As
Beijing is the capital of China, great efforts have been made
to control air pollution. As a result, some enterprises with
serious industrial pollution around Beijing have been re-
moved to the south, which has further aggravated the air
pollution in Handan, Xingtai, and Shijiazhuang [32, 33].
Secondly, coal is the main fuel in this area, and a large
amount of sulfur dioxide is released during combustion,
which leads to serious air pollution [34]. Thirdly, automobile
exhaust and land dust have aggravated air pollution.

Because of the serious air pollution in Handan, Xingtai,
and Shijiazhuang, the environmental protection investment
of the government and enterprises is too deficient to meet
the local pollution control needs [35]. Therefore, better
methods need to be explored. As a matter of fact, there are
many benefits by using the power of the public. First of all,
the public is exposed to the air all the time, so they have a real
feeling of air pollution. Secondly, the public’s life covers
every corner of the city, so they can find pollution sources for
the first time. Thirdly, the daily communication of the public
connects the scattered information and finds potential in-
formation about air pollution. Finally, information from the
public is easy to collect, which can reduce the cost of in-
formation acquisition. Therefore, studying the public’s at-
tention of air pollution is very beneficial to the prevention
and control of air pollution in Handan, Xingtai, and
Shijiazhuang.

2.2. Attention of Air Pollution. Internet search data is gen-
erated by the spontaneous Internet search behavior of the
public and is characterized by real-time and openness
[36, 37]. Internet search behavior can effectively reflect the
public’s thoughts [38-40]. When the air quality changes, the
daily life of the public will be affected to some extent. Due to
the lack of knowledge about air pollution, the public tends to
search the Internet for information. Therefore, Internet
search data can be used to measure the public’s concern
about air pollution.

According to the 2019 Hebei Internet Development
Report released by Hebei Communications Administration
(https://hbca.miit.gov.cn/), by the end of 2019, the provincial
Internet export bandwidth, the total length of optical cable
lines, the number of mobile phone base stations, Internet
broadband access ports, and fixed broadband access users all
rank 7th in the country, and the number of IPTV users ranks
6th in China. The access rate of optical fiber broadband and
the coverage rate of 4G signals in administrative villages of
the province reach over 99%. This shows that public Internet
search data related to air pollution can well reflect the
public’s attention to air pollution.

Baidu is the largest search engine in China. Therefore,
Baidu index is taken as the information source of network
search to get the attention of air pollution in Handan,
Xingtai, and Shijiazhuang from 2014 to 2019. Firstly, based
on pollution sources, pollution prevention, natural factors,
and pollution hazards, a logical chain is built. Secondly,
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FIGURE 1: Geographical location of Handan, Xingtai, and Shijiazhuang in China.

“environmental protection” is chosen as the benchmark
keyword to expand the entry by using the hot word rec-
ommendation function of the search engine. The general
vocabulary of air quality is added to get all the search
keywords. Finally, the keyword and logic chain are inte-
grated to get the result of Figure 2. As shown in Figure 2, a
total of 18 keywords were obtained. The air pollution at-
tention of Handan, Xingtai, and Shijiazhuang from 2014 to
2019 was obtained by adding up the Baidu index of the 18
keywords. The results are shown in Table 1.

2.3. Industry Data. In order to study the future air quality in
Handan, Xingtai, and Shijiazhuang, we need to know the
future air attention. Since the air pollution in Handan,
Xingtai, and Shijiazhuang is mainly caused by economic
development, we collected the added value of the primary,
secondary, and tertiary industries in Handan, Xingtai, and
Shijiazhuang from 2014 to 2019 from Hebei Statistics Bureau
(http://tjj.hebei.gov.cn/).

3. Methods

3.1. Fractional Grey Multivariable Convolution Model.
Grey prediction model is widely concerned because of its
effectiveness in short time series prediction. GMC(1, N)
model obtained by Tien et al. improved the traditional
GM(1, N) model and showed good performance in short-
term prediction [41]. After that, Wu et al. further improved
the GMC(1, N) model via fractional accumulation (FGMC(1,
N)). FGMC(1, N) model is superior to the existing grey
multivariate models such as GMCT(1, N), GMCG(1, N), and
RDGM(, N) [23]. Therefore, we use the FGMC(1, N) model

to predict the attention of air pollution. The derivation
process of the FGMC(1, N) model is as follows.

The original nonnegative sequence is conventionally
represented as

X7 ={x” (1), 2" (@), 2" ()}, "
j=12,...,m

Step 1: by using x](.r)(k) =¥ Cﬁ:;r_lx](.o)(i), the
r-order accumulation sequence is

X0 =[x (0,27 @), 1 ()}, (2)

where C)_, =1,C{"' =0, CTf,,, = ((k—i+r—1)
(k—i+r=2)- (r+r/(k-i)).

Step 2: the whitened equation of FGMC(1, N) model is
written as

dx(r) t r T T
37() +b,x7 (1) = b7 (1) + byx{” (1)
t 3)

+---+bmx,(nr)(t)+u,

where b,,b,,...,b,, are parameters and u is the
control parameter. The least-squares solution of the
model parameters is

[61,6,,--,b,,8]" =(B"B) 'B'Y, (4)
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FIGURE 2: Baidu index keyword results.
TaBLE 1: Public attention of air pollution in Handan, Xingtai, and Shijiazhuang.
Year Handan Xingtai Shijiazhuang
2014 1051 831 2278
2015 1215 965 2161
2016 1124 902 2128
2017 1468 1248 2418
2018 1491 1290 2286
2019 1416 1097 2168
x(2)-x" (1)
x7(3) = x"(2)
Y = >
_xfr)(n)—xfr)(n—l)_
(7 (D +x7(2)) (2" (1)+x(2)) (x (1) +x7(2)) 1'
2 2 2 (5)
(x7(2)+x7(3))  (x(2)+x(3)) (x(2) +x7(3)) .
B= 2 2 2
~ (xfr)(n— 1)+xl(r)(n)) (xy)(n— 1)+x2(r)(n)) (x,(nr)(n— 1)+x,5:)(n))
- 2 2 2 -

Step 3: then, the approximate time-response function
of the FGMC(1, N) model is

}Acl(n) (t) = xfo) (1)e b =D

t 6
+Z{e_bl(t_f+o.s>f(r>+§(r— 1)}, ©
=2

£ = byl @) +byx D (1) 4+ byx ) (1) +
7)

Step 4: finally, the sequence by the inverse accumulated
generating operator of r-order is
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01 =x21,20 %) =z R WV k1), k=23, (8)

3.2. Model Evaluation. In order to know the prediction effect
of the model, it is necessary to evaluate the prediction results
of the model. The mean absolute percentage error (MAPE) is
simple to calculate and can reflect the difference between the
predicted value and the true value, which is often used to test
the model. Therefore, in order to compare with the other
models and evaluate the prediction effect of the FGMC(1,N)
model on air pollution attention, we use the MAPE to
evaluate the error, and its formula is

Ztn:1|(At B Ft)/At|

MAPE = x 100%. 9)

In order to illustrate the effectiveness of the FGMC(1, N)
model in predicting air pollution attention, it is necessary to
compare and analyze its fitting effects. Table 2 shows the
added value of Handan’s primary, secondary, and tertiary
industries from 2014 to 2019 and their proportion to the
total added value. Then, FGMC(1, N), GMC(1, N), and
DGM(1, N) models are used to analyze the influence of
industrial added value on air pollution attention. Taking the
primary industry in Handan as an example, the added value
of the primary industry is the influencing factor to predict air
pollution attention.

For the FGMC(1, N) model, its advantage lies in the
introduction of fractional accumulation, which accords with
the new information priority of time series prediction. The
FGMC(1,N) model process is as follows:

Firstly, the particle swarm optimization is used to op-
timize the fractional-order (r = 0.054). Secondly, through
the model process, the FGMC’?*(1,2) model can be
expressed as

d (0.054) ¢
dg 0 _ 0.02197x "% (1)
dt (10)

= 3.621456x"%" (t) - 1429.85.

Using eq. (10), we can get the prediction result of air
pollution attention under the influence of the primary in-
dustry. Similarly, the FGMC(1, 2) model under the influence
of secondary industry and the tertiary industry is obtained
by the PSO optimization algorithm, and then the best fitting
result of air pollution attention is obtained as the
FGMC®%2(1, 2) model and FGMC**%9%4(1, 2) model. The
calculation processes of GMC(1, 2) and DGM(1, 2) models
are in Reference [41]. Finally, the results of air pollution
attention under the influence of different industries are
summarized in Table 3.

As an example, FGMC(1) indicates that the primary
industry is the influencing factor to establish FGMC(1, N)
model. It can be seen from Table 3 and Figure 3 that the
fitting error of FGMC*°**(1, 2) model is the lowest
(3.91%), which shows that the fitting effect of EGMC*0%523(q,
2) model on air pollution attention is the best with the
growing value of the secondary industry. By analyzing the

fitting results of different models under the influence of
different industries, we can get the following two conclu-
sions. Firstly, the fitting accuracy of the FGMC(1, 2) model is
higher than that of GMC(1, 2) and DGM(1, 2) models for the
same industry as influencing factors, which shows that the
FGMC(1, 2) model is more suitable for predicting air pol-
lution attention than the other two models. Secondly, for the
same model, the added value of the secondary industry can
be used as an influencing factor to predict air pollution
attention with better accuracy, which shows that the added
value of the secondary industry has a better prediction effect
on air pollution attention. Therefore, in order to better
predict the attention of air pollution, the secondary industry
is taken as the influencing factor, and the FGMC(1, N) model
is used to study the attention of air pollution in three cities.

4. Empirical Study

4.1. Relationship between the Secondary Industry Added Value
and Air Quality Attention in Handan. Handan is located in
the southernmost part of Hebei Province and is one of the
most polluted cities. Because of the surplus of mineral re-
sources, Handan developed largely with heavy industry. It
can be seen from Table 2 that, from 2014 to 2019, the
secondary industry in Handan accounted for almost 50% of
the total industry. Over the years, Handan has formed a
multipillar industry pattern with metallurgy, building ma-
terials, chemical industry, and electric power. These in-
dustries are resource-consuming and heavily polluting
industries. In particular, Handan Iron and Steel Plant lo-
cated in the west of Handan emits thick smoke almost day
and night. What is terrible is that the winter wind in North
China and the pollution sources with the wind diffuse over
the whole city. In winter, suffocating smog enveloped the
whole city, and the public worried about their health every
day, which caused great psychological harm to the public.
Therefore, understanding the public’s attention to air pol-
lution is conducive to improving the public’s mental health.
Based on the analysis of industrial structure and pollution
sources in Handan, we can predict the public air pollution
attention from the development of secondary industry.

Through the model analysis at the end of Section 3, the
prediction model of air pollution attention degree based on
the secondary industry can be obtained by using the same
method:

d (0.00523) ¢
da 7 0.902474x @25 (1)
dt ( 1 1)

= 2.173904x"%%% (¢) — 2227.69.

In recent years, the rapid development of industry in
Handan has resulted in serious air pollution. Although the
management of highly polluting enterprises has been
strengthened, the smog problem still cannot be effectively
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TABLE 2: Attention to air pollution and added value, proportion of primary, secondary, and tertiary industry in Handan.
Industry added value (billion yuan
Year Attention . ¥ ( yuan) .
Primary Secondary Tertiary
2014 1051 403.1 0.13 1543.5 0.50 1133.4 0.37
2015 1215 402.8 0.13 1500.7 0.48 1241.9 0.39
2016 1124 417.2 0.13 1576.4 0.47 1343.7 0.40
2017 1468 405.4 0.11 1783.7 0.49 1477.2 0.40
2018 1491 313.3 0.09 1558 0.45 1583.3 0.46
2019 1416 342.4 0.09 1554.6 0.45 1589.1 0.46
TaBLE 3: The results of three models under the different industries influence.
Industry added value (billion yuan)
Year Primary industry Secondary industry Tertiary industry
FGMC GMC DGM FGMC GMC DGM FGMC GMC DGM
2014 1051.0 1051.0 1051.0 1051.0 1051.0 1051.0 1051.0 1051.0 1051.0
2015 1087.1 1143.4 1138.2 1114.9 1108.4 1137.1 1128.7 1196.3 1163.9
2016 1237.4 1275.3 1293.0 1171.0 1233.2 1274.8 1256.1 1263.4 1252.2
2017 1435.7 1385.5 1407.9 1393.3 1359.6 1435.9 1361.9 1337.0 1386.9
2018 1473.8 1435.2 1419.2 1473.1 1427.6 1431.3 1411.3 1417.2 1469.6
2019 1416.0 1451.2 1454.1 1348.8 1421.0 1427.4 1423.1 1500.0 1445.8
MAPE 3.99% 5.20% 5.49% 3.91% 5.08% 4.47% 5.32% 5.62% 4.11%
T T T T T T
1500 - . *
— 8
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1400
: : .
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Q
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FiGURE 3: Prediction results of air pollution attention under the different industries influence.

solved. In fact, due to objective conditions (technological
level), the utilization rate of resources in industrial pro-
duction activities has been difficult to approach the “ideal
state.” Industry, especially heavy industry, is still the key
source of air pollution in Handan area. Interestingly, even
though the air reports that smog has improved, the public is
still deeply skeptical. For the public, their focus is not on
data, but on feelings. When the public smells the pungent
smell in the air, they cannot see the road ahead because of the

smog, and the official reports cannot give them satisfactory
answers, which stimulates the public’s awareness of self-
inquiring information. The public will learn about air pol-
lution information through various information channels,
social software, search engines, and so on. Naturally, Baidu
Index, as the largest search engine in China, can well reflect
the public’s attention to air pollution. The more serious the
air pollution felt by the public, the more it can stimulate their
search behavior and reflect the public’s attention to air
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pollution. In short, the faster the industrial development, the
higher the public’s attention to air pollution, which is
consistent with the coefficient (2.173904 > 0) of influencing
factors (industrial added value).

Compared with the past impact of the added value of the
secondary industry on air pollution attention, it is more
important to study the public attention caused by the future
industrial development. Therefore, considering the different
development conditions of the secondary industry, the
development of the secondary industry is divided into five
rates, and the results of different industrial development
rates are taken as influencing factors to analyze the future air
pollution attention. Table 4 shows the added value of the
secondary industry from 2020 to 2024 under different
growth rates.

The discrete form of the model is

~(0.00523 0 —0.902474 (t- 1
2 (1) = x (e =

N i{e—0.902474(t—1+O.S)f(T) + g(T— 1)}'
7=2

(12)
where
£ (1) = 2.173904x.” (t) - 2227.69. (13)

Then, the corresponding air pollution attention can be
obtained and is given in Table 5.

As shown in Table 5, the air quality attention of Handan
from 2020 to 2024 shows different trends under five different
industrial growth rates. It can be seen more intuitively from
Figure 4 that the industrial growth rate increases and the
attention of air pollution increases. Industrial growth rate
declines. The attention to air quality will decline. Moreover,
when the added value becomes larger or smaller, the at-
tention of air pollution increases or decreases faster, so the
added value of the secondary industry in Handan has a
significant impact on the attention of air pollution.

4.2. Relationship between the Secondary Industry Added Value
and Air Pollution Attention in Xingtai. Xingtai, north city of
Handan, is the eastern transport corridor for Shanxi coal,
and many national and provincial trunk roads pass through
the city. So there are many heavy transport vehicles in transit
and heavy pollution, which aggravates the regional air
pollution. At the same time, there are more than 130 large
coal-fired enterprises within a radius of 25kilometers
around Xingtai, with an annual coal consumption of more
than 18 million tons. In addition, Xingtai is located in the
groove zone in front of Taihang Mountain, with low terrain
and low wind speed, which is easy to form an inversion layer,
which is not conducive to the diffusion of pollutants. Be-
cause there are pollution sources all around Xingtai, no
matter what season or wind direction, pollutants will float to
the urban area, which will bring great threat to the physical
and mental health of Xingtai people. Therefore, it is nec-
essary to study the influence of the secondary industry
development on air pollution attention.

Table 6 shows the added value of the primary, secondary,
and tertiary industries in Xingtai from 2014 to 2019, the
proportion of the total output value, and the attention to air
pollution. It can be seen from Table 6 that the secondary
industry is the key development industry in Xingtai and has
been the focus of its industrial development for many years.
However, the proportion has declined in recent years (from
0.5 to 0.39), which indicates to a certain extent that the local
government has consciously reduced the proportion of the
secondary industry. Considering the sources of air pollution,
we have reasons to believe that this practice is based on the
idea of reducing air pollution. Even so, the secondary in-
dustry still occupies a large proportion and will remain a
main source of air pollution in this region for a long time to
come. Therefore, the added value of the secondary industry
is used as the influencing factor, and FGMC(1,2) model is
used to predict the degree of attention. The model is as
follows:

dx(0.886744) ¢
1 @, 0.988171x 58674 (1)
dt (14)

= 1.250947x "% (1) 4 5509289,

Xingtai is adjacent to Handan, and its air pollution and
public feelings are similar. Therefore, the added value of the
secondary industry affects the public’s attention to air
pollution in the same way, which is consistent with the
driving coeflicient of the secondary industry in the model
(2.802978 > 0). This indicates that the model has practical
significance. At the same time, the fitting value of attention
under the influence of the secondary industry can be ob-
tained. The results are shown in Table 7.

It can be known from Table 7 that the fitting accuracy of
FGMC®®%¢7%4(1, 2) model reaches 6.94%. This indicates that
the accuracy of this model is very good, and it can be used to
predict the public’s attention to air pollution in Xingtai.
Similarly, the secondary industry added value at different
development rates is taken as the influencing factor to
predict the public air pollution attention in the future. The
added value of the secondary industry with different de-
velopment rates is shown in Table 8.

The discrete form of the model is

561(0.886744) (t) — x%O) (1)6_0‘988171“_ 1)

N i{e—oyssm(t-wo.s) fo)+ {(T - 1)}'
7=2

(15)
where

f(t) = 1.250947x " (t) + 550.9289. (16)

By substituting different secondary industry added value
in Table 8 into the model eq. (15), the corresponding air
pollution attention from 2020 to 2024 can be obtained. The
results are shown in Table 9.

As shown in Table 9, the air quality attention of Xingtai
from 2020 to 2024 shows different trends under different
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TaBLE 4: The air pollution attention at different growth rates of secondary industry in Handan.
Industrial growth rate
Year
-10% -5% 5% 10% 20%
2020 1399.1 1476.9 1632.3 1710.1 1865.5
2021 1259.2 1403.0 1713.9 1881.1 2238.6
2022 1133.3 1332.9 1799.6 2069.2 2686.3
2023 1020.0 1266.2 1889.6 2276.1 3223.6
2024 918.0 1202.9 1984.1 2503.7 3868.3
TABLE 5: Air pollution attention under the influence of the secondary industry in Handan.
Industry growth rate
Year
-10% -5% 5% 10% 20%
2020 1189.8 1243.6 1351.3 1405.1 1512.7
2021 922.1 1097.3 1463.8 1655.1 2053.9
2022 630.6 939.3 1626.3 2006.1 2842.6
2023 347.7 781.5 1814.7 2422.8 3845.2
2024 84.7 628.3 2019.6 2893.5 5070.8
T T T T T T
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FIGURE 4: The development trend of air pollution attention in Handan at different industrial growth rates.

industrial growth rates. It can be seen more intuitively from
Figure 5 that the industrial growth rate increases and the
attention of air pollution increases. Industrial growth rate
declines. The attention to air quality will decline. Moreover,
when the added value becomes larger or smaller, the at-
tention of air pollution increases or decreases faster, so the
added value of the secondary industry in Xingtai has a
significant impact on the attention of air pollution.

4.3. Relationship between the Secondary Industry Added Value
and Air Pollution Attention in Shijiazhuang. Shijiazhuang is
located on the east side of Taihang Mountain, with flat
terrain, low altitude, typical warm temperate continental

monsoon climate, prevailing northwest wind in winter,
blocked and shielded by Taihang Mountains, and located in
the “shadow zone” downwind direction. The weather con-
ditions are static and stable, with little wind and easy ac-
cumulation of air. In addition, due to the effect of burning
wind, the atmosphere is prone to inversion, stratification is
relatively stable, and air is not easy to diffuse. Once pol-
lutants are formed, they can only aggravate the pollution
degree in this area, which makes the air quality worrying all
year round. In terms of energy consumption, coal is mainly
used, especially for heating and industrial power in winter.
The consumption of coal exceeds the total annual con-
sumption in Beijing, which is undoubtedly worse for Shi-
jiazhuang with low terrain. Moreover, in recent years,
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TABLE 6: Attention to air pollution and the added value, the proportion of primary, secondary, and tertiary industry in Xingtai.
. Industry added value (billion yuan)
Year Attention . .
Primary Secondary Tertiary

2014 831 273.4 0.16 836.5 0.50 558.2 0.33
2015 965 275.6 0.16 793.6 0.45 695.5 0.39
2016 902 269.7 0.14 904.9 0.46 780.2 0.40
2017 1248 273.2 0.12 1070.1 0.48 893.0 0.40
2018 1290 265.4 0.12 876.8 0.41 1008.6 0.47
2019 1097 283.5 0.13 833.1 0.39 1003.4 0.47

TasLE 7: Fitting results of air pollution attention under the influence of secondary industry in Xingtai.

Year Actual value FGMC#8674(1, 2)
2014 831 831.0

2015 965 813.7

2016 902 963.5

2017 1248 1124.0

2018 1290 1171.3

2019 1097 1097.0
MAPE 6.94%

TaBLE 8: Secondary industry added value in Xingtai.
Growth rates
Year
-10% -5% 5% 10% 20%
2020 749.8 791.4 874.7 916.4 999.7
2021 674.8 751.8 918.5 1008.0 1199.6
2022 607.3 714.3 964.4 1108.8 1439.5
2023 546.6 678.5 1012.6 1219.7 1727.5
2024 491.9 644.6 1063.2 1341.7 2072.9
TaBLE 9: Attention of air pollution under the influence of the secondary industry in Xingtai.
Growth rates
Year
-10% -5% 5% 10% 20%

2020 1019.8 1035.7 1067.5 1083.4 1115.2
2021 929.8 981.1 1088.3 1144.3 1261.0
2022 841.3 930.6 1129.6 1239.7 1482.5
2023 758.9 883.3 1180.3 1355.5 1765.8
2024 683.8 838.7 1236.5 1487.0 2112.6

influenced by the integration of Beijing, Tianjin, and Hebei,
the population of Shijiazhuang has surged, and the urban
population has exceeded 5 million. Heating in nearby rural
areas in winter is still dominated by coal burning, which
produces a large number of pollutants such as dust, sulfides,
and carbon compounds, resulting in continuous smog in
urban areas in winter. Therefore, it is urgent to study the
influence of the development of the secondary industry on
air pollution in Shijiazhuang.

Table 10 shows the added value of the primary, sec-
ondary, and tertiary industry in Shijiazhuang from 2014 to
2019, the proportion of the total output value, and the
attention to air pollution. It can be seen from the table that
the secondary industry in Shijiazhuang accounts for a large

proportion of its economic development. Interestingly,
from 2014 to 2019, the added value of the secondary in-
dustry in Shijiazhuang has been declining, and the decline
rate is very large (one third), accompanied by the con-
tinuous rise of the tertiary industry, which shows that
Shijiazhuang has been reducing the proportion of the
secondary industry in a planned way, which is helpful to
reduce air pollution. However, air control is a long-term
process, and 32% of industrial added value has also put
great pressure on air control. Therefore, it is still necessary
to understand the public’s attention to air pollution in
order to improve air quality and public health. Therefore,
the FGMC(1, N) model is used to predict the public’s at-
tention to air pollution with the added value of
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FIGURE 5: Attention to air pollution under the influence of secondary industry in Xingtai.

TaBLE 10: Attention to air pollution and added value, proportion of primary, secondary, and tertiary industry in Shijiazhuang.

Year Attention

Industry added value (billion yuan)

Primary Secondary Tertiary
2014 2278 488.3 0.10 2439.3 0.48 2172.6 0.43
2015 2161 494 .4 0.09 2452.9 0.45 2493.3 0.46
2016 2128 480.9 0.08 2638 0.45 2738.9 0.47
2017 2418 480.5 0.07 29139 0.45 3066.4 0.47
2018 2286 420.5 0.07 2285.5 0.38 3376.7 0.56
2019 2168 449.5 0.08 1831.7 0.32 3528.7 0.61

Shijiazhuang’s secondary industry as the influencing factor.
Based on the data in Table 10, the following prediction
model can be established:

dx 1(0.050481) (t)

dt

0.050481) (

+0.442577 ! t)

(17)
= 0.502094 x) (t) — 245.163.

Based on the above discussion, we can know that the
greater the added value of the secondary industry, the higher
the public’s attention to air pollution. This is consistent with
the driving coefficient of the secondary industry in the model
(0.502094 > 0). Then, substituting the added value of Shi-
jiazhuang’s secondary industry from 2014 to 2019 into eq.
(17), the fitting result of air pollution attention from 2014 to
2019 can be obtained, as shown in Table 11.

It can be known from Table 11 that the fitting accuracy of
FGMC©9°%8D (1. 2) model reaches 1.77%(<10%), indicat-
ing that the accuracy of this model is very good, and it can be
used to predict the public’s attention to air pollution in
Shijiazhuang. Similarly, the added value of five different
development rates of the secondary industry is taken as the
influencing factor to predict the public air pollution at-
tention in the future. The added value of the secondary

industry with different development rates is shown in
Table 12.
The discrete form of the model is

~(0.050481 0 —0.442577 (t— 1
%200 (1) = 1V (1)e =y

e—O.442577(t—‘r+0.5)f(T) +f(r-1)
2

T=. { }
2

where

£(£) = 0.502094x." (£) — 245.163. (19)

By substituting different added values of the secondary
industry from 2020 to 2024 in Table 12 into the model eq.
(18), the corresponding air pollution attention of Shi-
jiazhuang from 2020 to 2024 can be obtained. The results are
shown in Table 13.

As shown in Table 13, the air quality attention of Shi-
jiazhuang from 2020 to 2024 shows different trends under
five different industrial growth rates. It can be seen more
intuitively from Figure 6 that the industrial added rate in-
creases and the attention of air pollution increases. Indus-
trial added rate declines, and attention to air quality declines.
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TasLE 11: Fitting results of air pollution attention under the influence of secondary industry in Shijiazhuang.

11

Year Actual value FGMC*05948D) (1. 2)
2014 2278 2278
2015 2161 2161
2016 2128 2183
2017 2418 2310
2018 2286 2331
2019 2168 2133
MAPE 1.77%
TaBLE 12: The secondary industry added value in Shijiazhuang.
Growth rate
Year
-10% -5% 5% 10% 20%
2020 1648.5 1740.1 1923.3 2014.9 2198.0
2021 1483.7 1653.1 2019.4 2216.4 2637.6
2022 1335.3 1570.5 2120.4 2438.0 3165.2
2023 1201.8 1491.9 2226.4 2681.8 3798.2
2024 1081.6 1417.3 2337.8 2950.0 4557.9
TaBLE 13: Attention to air pollution under the influence of secondary industry in Shijiazhuang.
Different growth rates
Year
-10% -5% 5% 10% 20%
2020 1882.3 1900.6 1937.5 1955.9 1992.8
2021 1655.0 1719.0 1853.2 1923.1 2068.5
2022 1448.7 1570.9 1841.5 1989.9 2314.5
2023 1261.9 1445.6 1877.9 2128.8 2708.1
2024 1092.8 1336.2 1946.9 2322.8 3243.0
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FIGURE 6: Attention to air pollution under the influence of secondary industry with different development rates in Shijiazhuang.
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TaBLE 14: Industrial proportion and driving factor of model in Handan, Xingtai, and Shijiazhuang.

. Handan Xingtai Shijiazhuang
Driving factor 217 125 0.50
Year Proportion of industrial structure (Primary:Secondary:Tertiary)

2014 0.13:0.50:0.37 0.16:0.50:0.33 0.10:0.48:0.43
2015 0.13:0.48:0.39 0.16:0.45:0.39 0.09:0.45:0.46
2016 0.13:0.47:0.40 0.14:0.46:0.40 0.08:0.45:0.47
2017 0.11:0.49:0.40 0.12:0.48:0.40 0.07:0.45:0.47
2018 0.09:0.45:0.46 0.12:0.41:0.47 0.07:0.38:0.56
2019 0.10:0.45:0.46 0.13:0.39:0.47 0.08:0.32:0.61
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FIGURE 7: Public attention to air pollution under the influence of secondary industry with different growth rates.
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Moreover, when the added value becomes larger or smaller,
the attention of air pollution increases or decreases faster, so
the added value of the secondary industry in Shijiazhuang
has a significant impact on the attention of air pollution.

4.4. Comparative Analysis. With the coordinated develop-
ment of Beijing-Tianjin-Hebei, energy consumption is in-
evitable. However, in order to protect the environment
around the capital, many highly polluting energy enterprises
were forced to migrate. Handan, Xingtai, and Shijiazhuang
are located in the southernmost part of Hebei Province,
which naturally become the gathering places of highly
polluting enterprises. For many years, the pollutants pro-
duced by industrial development have caused serious
damage to the air quality in Handan, Xingtai, and Shi-
jiazhuang, and the air pollution problem has been plaguing
the local people. Therefore, taking the added value of the
secondary industry as the influencing factor, the prediction
models of air pollution attention in three cities were con-
structed, respectively. From the results of the model, the
development of the secondary industry in three cities has a
great impact on the public’s attention to air pollution.

According to the driving coefficient of the model listed in
Table 14, the driving coefficient of Handan is the largest
(2.17), which indicates that the industrial added value of the
secondary industry in Handan has the greatest influence on
the attention of air pollution. Judging from the proportion of
industrial development, the added value of Handan’s sec-
ondary industry accounts for a large proportion, accounting
for almost half of the total industrial added value. Geo-
graphically, Handan is located in the southernmost part of
Hebei Province, with the largest number of enterprises
migrating and relatively weak pollution prevention and
control. Xingtai’s driving coeflicient (1.25) is slightly lower
than Handan’s. From the industrial distribution ratio,
Xingtai’s secondary industry also accounts for a larger
proportion, slightly lower than Handan’s, which is very easy
to attract public attention, thus increasing public attention.
Geographically, Xingtai is located between Handan and
Shijiazhuang, and the pollutants in both cities are likely to
spread, which undoubtedly increases the public’s attention
about air pollution in Xingtai. Shijiazhuang has the lowest
driving coeflicient (0.50), which indicates that the added
value of Shijiazhuang’s secondary industry has the lightest
influence on air pollution attention. From the perspective of
industrial development ratio, the added value of Shi-
jiazhuang’s secondary industry is less than one-third of the
total added value, and from 2014 to 2019, the added value of
Shijiazhuang’s secondary industry showed a declining trend,
which also weakened the public’s attention about air pol-
lution based on the development of the secondary industry
to a certain extent. Geographically, Shijiazhuang is closest to
the Beijing-Tianjin-Hebei region, and Shijiazhuang is also
the capital of Hebei Province. It has a strong air control and
high public satisfaction, which is one of the reasons for the
low public attention to air pollution.

In order to study the public’s attention to air pollution in
the future, the added values of the secondary industry in
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three cities were assumed respectively, and the changes of
public attention to air pollution in different growth situa-
tions of the secondary industry were predicted by FGMC(1,
2) model. It can be seen from Figure 7 that when the added
value of the secondary industry develops at a speed of 90%,
the public’s attention to air pollution in the three cities will
be significantly reduced, especially for Handan, which has
the most significant impact. On the contrary, if the added
value of the secondary industry in the three cities continues
to accelerate at a rate of 120%, the public’s attention to air
pollution will increase significantly in 2024, especially in
Handan City, which will increase to 3.58 times that in 2019,
which is an amazing number. This may mean serious air
pollution and psychological problems such as depression,
fear, fear, anxiety, and irritability.

5. Conclusion and Implication

Air pollution is already the most serious environmental
problem, especially in the Beijing-Tianjin-Hebei region of
China. Handan, Xingtai, and Shijiazhuang, located in the
southernmost part of Hebei Province, are the areas with the
most serious air pollution in the Beijing-Tianjin-Hebei re-
gion. Due to the rapid development of the secondary in-
dustry, air pollution in the three cities is very serious, which
causes great harm to the public’s physical and mental health.
Research shows that the higher the public’s attention to air
pollution, the more serious the air pollution, and the more
likely it is for the public to have psychological problems.
Therefore, in order to better understand air pollution and
public mental health, we use the added value of the sec-
ondary industry as the influencing factor and use FGMC(1,
2) model to predict the public’s attention to air pollution.
The research shows the following:

(1) Compared with GMC(1, 2) and DGM(1, 2) models,
FGMC(1, 2) model is more suitable for public at-
tention to air pollution.

(2) The air pollution problems in Handan, Xingtai, and
Shijiazhuang are mainly caused by industrial pro-
duction. Therefore, compared with the primary in-
dustry and the tertiary industry, it is more effective to
use the added value of the secondary industry as an
influencing factor to study the public’s attention to
air pollution.

(3) The forecast results from 2020 to 2024 show that the
faster the growth of the secondary industry, the
higher the public’s attention to air pollution. And
this phenomenon is more obvious in cities with
higher industrialization.

Therefore, combined with the public’s attention to air
pollution, the following suggestions are put forward for the
air pollution problems in Handan, Xingtai, and
Shijiazhuang:

(1) Adjust the industrial structure. Industrial production
produces a large number of pollutants, so it is
necessary to shift the focus of economic development
to the tertiary industry, so as to reduce air pollution
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from the source of pollution. In fact, from the in-
dustrial development of Shijiazhuang from 2014 to
2019, we can find that the city is already doing such
work and has achieved certain results.

(2) Build an air quality information exchange platform.
To a great extent, the public’s attention to air pol-
lution is not conducive to air control but rather
increases troubles. Therefore, it is necessary to
strengthen the exchange of information related to air
quality, so as to reduce public panic and public at-
tention to air pollution. This will not only help
improve the public’s understanding of air pollution,
but also encourage the public to cooperate with
environmental protection departments to carry out
air treatment and, at the same time, effectively avoid
the public’s psychological problems such as anxiety,
fear, and depression.

However, this paper still has some limitations. Firstly,
although Baidu Index is based on big data statistics, it cannot
cover all the people. Secondly, the air pollution attention
based on Baidu index lacks a more rigorous definition.

In a word, based on Baidu index data and industrial
development, the research on public air pollution attention
is effective, and some suggestions on air control in Handan,
Xingtai, and Shijiazhuang in the future were given. Future
research can also be carried out in other cities and regions,
and only some changes are needed. First of all, the influ-
encing factors should be selected according to the local
geographical location, industrial development, and devel-
opment planning. Secondly, for the definition of attention,
Baidu keyword types should be further perfected, and ex-
ponential weighting treatment can be carried out for dif-
ferent factors such as age, occupation, and knowledge level.
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