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Abstract: Urban air pollution is a prominent problem related to the urban development in China, especially in the densely populated
urban agglomerations. Therefore, scientific examination of regional variation of air quality and its dominant factors is of great impor-
tance to regional environmental management. In contrast to traditional air pollution researches which only concentrate on a single year
or a single pollutant, this paper analyses spatiotemporal patterns and determinants of air quality in disparate regions based on the air
quality index (AQI) of the Yangtze River Delta region (YRD) of China from 2014 to 2016. Results show that the annual average value
of the AQI in the YRD region decreases from 2014 to 2016 and exhibit a basic characteristic of ‘higher in winter, lower in summer and
slightly high in spring and autumn’. The attainment rate of the AQI shows an apparently spatial stratified heterogeneity, Hefei metro-
politan area and Nanjing metropolitan area keeping the worst air quality. The frequency of air pollution occurring in large regions was
gradually decreasing during the study period. Drawing from entropy method analysis, industrialization and urbanization represented by
per capita GDP and total energy consumption were the most important factors. Furthermore, population agglomeration is a factor that
cannot be ignored especially in some mega-cities. Limited to data collection, more research is needed to gain insight into the spatiotem-
poral pattern and influence mechanism in the future.
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1 Introduction

Since 2015, the Yangtze River Delta (YRD) region has
experienced severe urban air pollution, especially in its
most developed areas. These areas include southern Ji-
northern Zhejiang Province, and
Shanghai municipality, where visibility is often reduced
to only 1-3 km (Hu et al., 2014). As one of the most
developed regions in China, controlling urban air pollu-
tion is imperative in the process of building world-class
urban agglomerations. Sustained exposure to urban air
pollution of high levels has significant negative effects
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including reduced atmospheric visibility (Kan et al.,
2012), endangered human health (Correia et al., 2013)
and affected climate change through changes in insola-
tion balance (Ebenstein et al., 2013). Recent studies also
indicate that the spatial extent of urban air pollution in
the YRD region is no longer limited to several cities but
has expanded to a regional scale (Zhang et al., 2018). This
trend highlights the need for large-scale urban air pollution
monitoring program to determine its spatial- temporal
variation and to design effective control strategies.

Over the past decades, studies of urban air pollution
in the YRD region either focused on spatial and/or tem-
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poral variations of a single air pollutant or pollution in-
dex, such as levels of SO,, PM;o, NO,, CO, O3, and the
air pollution index (API) (Boichu et al., 2015; Dijkema
et al., 2016; Tartakovsky et al., 2016; Lu et al., 2017).
From June 2000, Chinese government regularly pub-
lished the API index of the major cities. Because of a
lack of data for particulate matter smaller than 2.5 pm
(PM,5), the government proposed to use the air quality
index (AQI) instead of the API. The availability of AQI
data released by 120 Chinese cities also provides reli-
able data source for air pollution analyses. Recent stud-
ies on urban air pollution discussed air pollution at dif-
ferent scales, varying from a national scale (Lin and
Wang, 2016) or an urban agglomeration scale (Buchholz
et al., 2010) to a city scale (Ozcan, 2012; Dimakopoulou
et al., 2017). The relative abundance of monitoring sites
in the most developed regions of China such as the
Yangtze River Delta and the Pearl River Delta, where
continuous data sets were available, made these places
the focus of pollution studies (Fu et al., 2016; Chen et
al., 2017). In addition, the impact factors of urban air
pollution were another research focus. Besides popula-
tion density, there were other factors affecting the for-
mation of urban air pollution. Many previous studies
have been biased towards natural factors. However,
given the variation in research site location and study
period, the impacts of natural factors on air pollution
were still unclear and sometimes contradictory
(Dominick et al., 2012; Ding et al., 2016). Exploring the
relationship between urban air quality and economic
development based on environmental Kuznets curves
was another research focuses. Now there were many
studies centering on urbanization (Han et al., 2014),
traffic (Patton et al., 2014), energy structure (Ma and
Zhang, 2014), population distribution, and industrial

development (Zhao et al., 2012).

To better understand the changing process and influ-
encing factors of air quality in the YRD region, we il-
lustrated the spatiotemporal evolution and pattern of
urban AQI throughout the YRD region based on datasets
from 2014 to 2016, and explored the influence of rele-
vant factors. Compared with previous literatures, the
accuracy of AQI collection in our research was signifi-
cantly improved, which helps to bring out more accurate
and reliable results. In addition, the spatial autocorrela-
tion model was used to quantify the correlation of air
pollution in the same metropolitan area and explored
possible areas of atmospheric pollution spreading.
Therefore, this research is expected to contribute not
only to a more accurate understanding of the current
urban air pollution within the YRD region, but also to
the formulation of different air pollution prevention and
control measures at the metropolitan level.

2 Materials and Methods

2.1 Study area

The geographical scope of this study covers the area
addressed in ‘The Development Plan of the Yangtze
River Delta’ (National Development and Reform Com-
mission of China, 2016). It includes 26 cities located in
Shanghai Municipality, Jiangsu, Zhejiang and Anhui
provinces. In 2016, its land area, gross domestic product
(GDP), and total population of this broad area were
211 700 km?, 14.45 trillion yuan (RMB), and 150 mil-
lion people, respectively. These values accounted for
about 2.2%, 19.4%, and 11.0% to China as a whole. To
facilitate a regional comparison, these 26 cities of the
YRD region are subdivided into eight regions, according
to their location and economic status (Table 1).

Table 1 Subdivision of the Yangtze River Delta (YRD) region of China in this study

Region name

Municipality/Province

Cities included

Shanghai Shanghai
Hangzhou metropolitan area Zhejiang
Ningbo metropolitan area Zhejiang
Nanjing metropolitan area Jiangsu
Sunan metropolitan area Jiangsu
Tongtaiyan metropolitan area Jiangsu
Hefei metropolitan area Anhui
Wannan region Anhui

Shanghai

Hangzhou, Jiaxing, Shaoxing, Huzhou, Jinhua
Ningbo, Taizhou, Zhoushan

Nanjing, Yangzhou, Zhenjiang

Suzhou, Wuxi, Changzhou

Nantong, Taizhou, Yancheng

Hefei, Chuzhou, Ma’anshan, Wuhu, Tongling
Angqing, Chizhou, Xuancheng

Notes: This subdivision mainly reflects defined metropolitan areas, with some additional considerations. First, Shanghai municipality, as the core of the YRD,
needs to be singled out. Second, although Jinhua does not belong to Hangzhou metropolitan area or Ningbo metropolitan area, we decided to incorporate it into the
Hangzhou metropolitan area given its traffic links with Hangzhou and Ningbo. Last, the name for the Tongtaiyan metropolitan area originates from the ’13th

Five-Year’ for Jiangsu Province.
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2.2 Data sources

In January 2013, the Ministry of Environmental Protec-
tion in China started publishing real-time hourly
concentrations of SO,, NO,, PM, 5, PM,,, CO, and Os,
which were used to calculate the AQI. Data presented in
this study were obtained from this website (http://
www.tianqihoubao.com/aqi/) for the period from 1
January 2014 to 31 December 2016. Given the sub-
tropical monsoon climate in the YRD region, the sea-
sons are defined as spring (March to May), summer
(June to September), autumn (October to November),
and winter (December to February). Data on social and
economic development are from the annual ‘Urban Sta-
tistical Yearbook of China’ (State Statistical Bureau,
2015-2017), ‘Urban Construction Statistical Yearbook
of China’ (Ministry of Housing and Urban-Rural Con-
struction, 2015-2017) and the Statistical Yearbooks of
Shanghai Municipality (Shanghai Bureau of Statistics,
2015-2017), Statistical Yearbooks of Jiangsu Province
(Jiangsu Bureau of Statistics, 2015-2017), Statistical
Yearbooks of Zhejiang Province (Zhejiang Bureau of
Statistics, 2015-2017) and Anhui Province (Anhui Bu-
reau of Statistics, 2015-2017).

2.3 Statistical analysis
In this study, data are analyzed to determine their spatial
patterns, interpolated to assess spatial distributions over
the whole region, while factors influencing their distri-
butions are determined using the entropy method, as
described below.

(1) Moran’s I index

Geographical entities or attributes may be clustered,
randomly or regularly distributed (Tobler, 1970). Often,
correlation between entities decreases with increasing
distance, which is called spatial auto-correlation (Moran
1948). In the field of air pollution, spatial analysis has
been successfully applied at multiple scales, in studies
of important cities (Wong et al., 2001), provinces (Lin et
al, 2012), and key arcas (Karar et al., 2006). Here, we
use spatial auto-correlation to evaluate the spatial-
temporal evolution of the AQI and to identify hotspots.
Its common statistical measure is the Global Moran’s /
index, defined as:

niiwy(xi —)_c)(xj -X)
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Moran’s [ =

where x; and x; are the values for the AQI at city i and
city j, n is the number of cities, w;; is a space-related
weight and x is average value of AQI per month. The
value range of Moran’s [ is [—1, 1]. In this case, negative
values infer a negative correlation, while positive ones
indicate a positive correlation, and values close to zero
infer a random distribution. We also used a standardized
Z statistic to test whether there was spatial autocorrela-
tion. This Z statistic is calculated, as follows:
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where [/] is a spatial matrix consisting of several
Moran’s [ indices, E[/] and Var[I] are their theoretical
expectations and theoretical variances, respectively.
95% confidence level is used, a significant spatial auto-
correlation is indicated when Z; is great than 1.96.

(2) Spatial interpolation

To model spatial-temporal characteristics of PM; s in
China (Wang et al., 2015), an ordinary kriging method
(OKM) is used to simulate spatial distributions of air
pollutants. Because existing monitoring sites do not
adequately cover the YRD region, we used an OKM to
calculate spatial-temporal characteristics of the AQL.

(3) Entropy method

The entropy method reflects the utility value of the
index of information entropy. Its weight has higher
credibility than weights derived using a hierarchical
process or expert scoring method, making it suitable for
comprehensive evaluation of multiple indicators. Steps
involved in the entropy method are outlined elsewhere
(Qiao, 2004). Consistent with previous air quality stud-
ies of cities in the YRD (Ding et al., 2016; Jassim and
Coskuner, 2017) , we selects 15 indicators, ranging from
natural variables, population density, economic status,
urban status, and level of environmental regulation to
investigate the main factors influencing the AQI in
various cities of the YRD region (Table 2).

3 Results and Discussion

3.1 Temporal variation characteristics of AQI in
the YRD region
Fig. 1 shows the monthly AQI values over the entire
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Table 2 The comprehensive evaluation system used to assess changes in the air quality index (AQI) of each city in the Yangtze River

Delta region

Content Indicators Unit

Natural condition Annual average temperature T
Annual average rainfall mm
Annual average wind speed m/s

Population size Population density person/km”
Resident population 10000 persons
Proportion of urban population %

Economic development Per capita GDP 10000 yuan (RMB)
Industrial added value accounted for GDP %
R&D expenditure accounted for GDP %

Social civilization Total energy consumption

10000 ton of standard coal

The number of public vehicles 10000 cars

The number of college students per 10000 students person/10000 persons
Environmental regulation Environmental investment accounted for GDP %

Proportion of built-up area accounted for total administrative area %

Green coverage rate of built-up area %

Notes: Because of lacking data for some cities in Anhui Province, including Hefei, Chuzhou, Ma’anshan, Wuhu, Tongling, Anqging, Chizhou and Xuancheng, we

used data for 2015 and 2016 in this region. And GDP in the above table is gross domestic product.

study period (2014-2016) for all eight regions just as
Table 1 shows. For most metropolitan areas, the AQI
curve of 2016 is significantly lower than that of 2014,
which suggests that air quality of most cities has im-
proved significantly during the study period, except for
Anging and Chizhou from Anhui province. This indi-
cates that air pollution control measures, including
desulfurization and denigration of electric power out-
puts, elimination of small coal-fired boilers, and prohi-
bition of straw burning, have achieved remarkable re-
sults. Some cities like Nanjing (Jiangsu Province),
Zhenjiang (Jiangsu Province), Jinhua (Zhejiang Prov-
ince) and Hefei (Anhui Province) show > 20% reduction
in AQI values over the study period. However, top 10
cities with the highest annual average AQI belong to
Hefei and Nanjing metropolitan area, suggesting that
greater efforts should be made to remediate atmospheric
environments in these areas.

Seasonal changes of AQI are characterized by high
values in winter, lowest in summer, and intermediate in
spring and autumn. These changes reflect seasonal dif-
ferences in economic activities, social life, and mete-
orological conditions. The YRD region is one of the
China’s most important manufacturing centers, with

massive annual emissions of air pollutants from steel,
petrochemical, and power generation enterprises. High
emissions are compounded by stable winter meteoro-
logical conditions, leading to high levels of pollution in
winter. Typically, low rainfall and low wind speeds in
winter are not conducive to diffusion of pollutants,
which has become an important natural factor for seri-
ous pollution in winter. In summer, meteorological con-
ditions that favor diffusion makes air pollution levels
lower; while in spring and autumn, air pollution is exac-
erbated by straw burning, producing intermediate levels
of pollution.

Fig. 2 shows the proportion of pollution days per
month based on the AQIs of 26 cities from 2014 to
2016. During the study period, air quality in the YRD
region improves, especially in May and June, with the
proportion of pollution days per month decreasing from
44.1% and 32.5% in 2014 to 11.7% and 5.9% in 2016,
respectively. The proportion of pollution days with ex-
ceeding pollution standard (AQI = 100) varies for each
season, with average frequencies of 28%, 4%, 9% and
40% for spring, summer, autumn and winter, respec-
tively. January and March have the worst levels of air
quality.
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Fig. 1 Monthly variation in air quality index (AQI) values for the Yangtze River Delta region of China from 2014 to 2016. Central
black line in all panels defines the limit of good air quality. Given the lack of data for several cities in the Wannan region and Hefei
metropolitan area of Anhui Province in 2014, only data for 2015 and 2016 are shown in this part. And the cities included in each metro-
politan area are shown in Table 1. According to China’s Environmental Protection Standard HJ633-2012, a value of AQI higher than 100
indicates a polluted state.
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Fig. 2 Percentage of air quality index (AQI) values over the
HJ633-2012 pollution standard (AQI = 100) in different months
in the Yangtze River Delta region of China from 2014 to 2016

3.2 Spatial variation characteristics of AQI in the
YRD region

According to China’s Environmental Protection Stan-
dard (HJ633-2012), AQI is divided into six intervals
(0-50, 51-100, 101-150, 151-200, 201-300, and >
300), which corresponds to six levels of air quality (ex-
cellent, good, mild pollution, moderate pollution, severe
pollution, and serious pollution). Calculate the propor-
tion of different pollution levels in different regions
from 2014 to 2016 and draw them on eight doughnut
charts (Fig. 3). Two spatial characteristics of air pollu-
tion can be reached. First, although air quality improves
from 2014 to 2016, regional differences remain signifi-
cant. Second, the areal extent of air pollution is greatest
in winter and almost every region is in mild or moderate
pollution.

The proportions of pollution days of eight regions in
2016 are (sorting from high to low): Hefei metropolitan
area (22.0%), Tongtaiyan metropolitan area (21.2%),
Sunan metropolitan area (20.4%), Nanjing metropolitan
area (20.0%), Wannan region (19.1%), Shanghai mu-
nicipality (16.4%), Hangzhou metropolitan area (14.8%),
and Ningbo metropolitan area (5.4%), respectively. Ob-
viously, most of metropolitan areas along the Yangtze
River account for a relatively high proportion of pollu-
tion days at various levels, which are the most polluted

areas in the YRD region. In addition, it is particularly
important to note that the Wannan region of Anhui
Province is the only area where the proportion of pol-
luted days rises (by about 6%), which is related to a
sharp increase in the number of mildly polluted days,
with a contribution rate of 88.5%.

Of course, spatial variation of air pollution is also
seasonal (Fig. 4). Cities which AQI exceeds the pollu-
tion limits of 40% or more are mainly distributed to-
wards the northwest of the YRD region in winter. In
fact, only Zhoushan (Zhejiang Province) and Taizhou
(Zhejiang Province) have lower rates (less than 20%). In
spring, many cities are over the pollution standard and
excess rate is often greater than 30%. These cities are
mainly located along the Yangtze River, especially in
Taizhou (Jiangsu Province), where the ratio reaches
52.2%. Summer and autumn are the two seasons with
the lower levels of air pollution. The AQI values for
Zhoushan, Ningbo and Taizhou (all in Zhejiang Prov-
ince) in summer typically reach an ’excellent’ level,
while other cities exceeds the pollution standard less
than 10%. In 2016, the over-standard rate in most cities
is lower than that in 2014, especially Nanjing (Jiangsu
Province), Hefei (Anhui Province), and Jinhua (Zheji-
ang Province) which adds at least 72 non-polluted days.
However, it is important to note that the pollution in the
southern Anhui Province has increased the overall level
of air pollution throughout the YRD region.

As shown in Table 3, there is a significant positive
auto-correlation in the YRD region, where areas with
high AQI are adjacent to each other, and likewise for
areas with low AQI. Consistent with this pattern, values
of Moran’s / in Table 3 are greater than zero (except for
October 2016). Typically, both Moran’s / and Z values
for corresponding months in 2015 and 2016 are lower,
suggesting that air pollution has been eased following
implementation of control measures in each city. In pol-
luted seasons, especially winter and spring, both
Moran’s [ and Z values from February to April showed a
marked rise, indicating that the strength and range of
expansion of air pollution in geographical space is most
obvious.

To analyze the characteristics of air pollution during
the peak pollution period, we select the AQI values for
winter of 2016 and use the OKM method to interpolate
values at a greater scale (Fig. 5). Clearly, the severity of
air pollution increases gradually from the southeast
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Fig. 3 Different air quality levels at regional scale from 2014 to 2016. The inner, middle and outer circles depict results for 2014, 2015

and 2016, respectively. Because of the lack of data for 2014, the Wannan region and Hefei metropolitan area have only two circles, rep-
resenting 2015 and 2016, respectively.
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Table 3  Spatial autocorrelation of air quality index (AQI) values in 26 cities of the Yangtze River Delta region

Index Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec
Moran’s I 2015 033 0.20 0.43 0.52 035 0.53 0.50 0.29 0.38 039 031 0.29
2016 0.41 0.28 0.34 038 0.24 0.30 039 0.07 0.12 -0.03 0.07 0.27
7 score 2015 2.57 1.67 3.27 3.98 2.77 3.92 3.80 2.28 3.02 3.01 2.49 2.39
2016 3.24 221 2.63 2.86 1.89 237 2.93 0.79 1.10 0.08 0.79 2.17

N tion density is often associated with higher numbers of

A cars, urban constructions, and higher urban sewage lev-

&amhen‘g‘ 0 140km e?s. Althf)ugh environrfne'ntal regulations ha.ve lowered

. air pollution levels, their impact on the AQI is not suffi-

al. Yaﬁ'gzl@ f”\ . ; cient to counter impacts related to rapid urbanization

‘ iigfghou {;hé,ﬁj}:z:;@” - and economic development. Levels of social civiliza-

AQI
P High: 108.966

[ Low: 55.0044

Fig. 5 Spatial distribution of the air quality index (AQI) in win-
ter for the Yangtze River Delta region in 2016

coast to northwest inland areas. The Hefei metropolitan
area, Wannan region, and Nanjing metropolitan area
form high-value areas (clustering), while Shanghai and
Ningbo metropolitan area form low-value areas. This
auto-correlation shows that more joint governance must
be enforced on air pollution control strategies in the
YRD region in order to have a better governance effec-
tiveness.

3.3 Correlations between air quality and various
influencing factors

This study reveals that various factors contribute to air
pollution in different cities (Fig. 6). Most cities in the
YRD are industrial cities, including Jiaxing (Zhejiang
Province), Shaoxing (Zhejiang Province), Zhenjiang
(Jiangsu Province), Yangzhou (Jiangsu Province) and
Ma’ansha (Anhui Province); these cities are heavily af-
fected by their industrial exhaust emission. In our study,
high population density is also correlated with high pol-
lution levels, despite several studies suggesting that
population density has no significant impact on air qual-
ity in China (George et al., 2017). Because high popula-

tion, represented by the number of private vehicles in
use, appears to be another factor correlated with air pol-
lution in the cities like Jinhua and Suzhou, which have
over 1.5 and 3.0 million cars, respectively. It is particu-
larly important to note that under the premise of a simi-
lar regional climate and geography in the YRD region,
some local natural factors play a critical role in specific
cities. For instance, the land and sea breeze system op-
erating all year round helps dissipate atmospheric pol-
lutants in Zhoushan, Ningbo, and Taizhou of Zhejiang
Province. In contrast, Chizhou (Anhui Province) and
Anqing (Anhui Province) in the southwest of the YRD
region experience buildup of pollutants related to stable
air currents around Dabie Mountain (in the west of An-
hui Province).

The atmospheric pollutant discharge data for the
YRD region (Table 4) and some reports on urban pollu-
tion sources suggest that the main sources of air pollu-
tion in this area are coal-fired power plants, vehicles
exhaust, industrial emissions, and dust emissions. Be-
cause there are quite a few industrial enterprises pro-
ducing thermoelectricity and building materials within
urban areas and their surroundings, in addition to the
growing number of cars in most urban clusters, there are
substantial emissions of coal-fired dust, industrial dust,
road dust and other primary pollution particles, as well
as sulfur dioxide, nitrogen oxides, carbon monoxide and
other gaseous pollutants that can be converted into sec-
ondary pollution particles.

The planetary boundary layer is also known to affect
meteorological factors in this area. In our study, we
conclude that an inversion layer produced through ad-
vection and radiation makes the regional atmospheric
structure more stable, resulting in reduced dissipation of
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Fig. 6 Driving forces of air quality disparity in different cities in the YRD region from 2015 to 2016. Left ordinate represents AQI

value and right ordinate represents the magnitude of different driving forces

air pollution. This phenomenon mainly occurs in winter
and spring, which partly explains why air pollution is
more frequent in these seasons. Furthermore, the rapid
urbanization in the YRD region has greatly changed its
ground surface characteristics, affecting formation of
inversion layers and indirectly impacting on air pollu-
tion.

To quantify relationships among various factors in-
fluencing the AQI, we use AQI data for 2016 for 26 cit-
ies of the YRD region as well as data on influential fac-
tors to carry out a multivariate regression analysis. Tak-
ing the AQI index of each city in 2016 as the dependent
variable and assigning five influencing factors as inde-
pendent variables, a regression analysis is carried out in
SPSS. The results are shown in Table 5. First, the vari-
ance expansion factor for each variable is less than 3
(much less than the critical value of 10), which indicates
that the model does not have multiple collinearity. Sec-
ond, the adjusted R” in the regression model is 0.659,

indicating that the fitting degree of the model is rela-
tively good. Finally, economic development and social
civilization fails to pass the 95% confidence interval
significance test, in contrast to the other three factors.
All three other factors show a significant correlation
with changes in urban air quality. Natural variables and
environmental regulations have obvious negative effects
on AQL In this case, higher levels of rain or wind and
stricter environmental control measures inhibit the in-
creases in AQIL. In contrast, increasing population size
facilitates an increase in AQI. Our regression analysis
shows that when rain/wind, environmental control and
population size increase by 1%, the AQI index increases
by —0.573%, —0.324% and 0.468%, respectively.

4 Conclusions

Our research analyzes the evolution process and spatio
temporal pattern of urban AQI in the YRD region in
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Table 4 Discharge of major pollutants in the Yangtze River Delta region in 2015 and 2016

Volume of industrial waste water discharged

Volume of industrial sulphur dioxide

Volume of industrial soot (dust) discharged

City (10000 t) emissions (t) ®

2015 2016 2015 2016 2015 2016
Shanghai 46900 36599 104900 67376 111400 72782
Nanjing 23216 21624 101021 28639 84128 48592
Wuxi 21993 20935 76092 61633 82859 67638
Changzhou 12977 12178 34420 31683 97999 57542
Suzhou 60506 48437 150010 109594 75406 61777
Nantong 15470 15367 55062 37115 31664 13821
Yancheng 16193 14207 41338 29772 36416 21934
Yangzhou 8871 8233 42415 15193 13917 9092
Zhenjiang 9059 7981 46329 32477 24230 20637
Taizhou 6943 5687 34170 15106 13880 9794
Hangzhou 33807 28382 63814 39499 49176 20414
Ningbo 16098 15760 101980 41928 28128 24009
Jiaxing 21947 19763 67924 27437 20975 10978
Huzhou 8611 8532 40226 28298 28855 19565
Shaoxing 26069 24383 59980 27499 32588 14441
Jinhua 7638 6467 39542 16321 39659 16390
Zhoushan 2202 1439 12379 1925 3050 2066
Tai’zhou 6251 5725 31868 13211 16263 9152
Hefei 5335 5130 40829 9011 85036 11483
Wuhu 4933 3302 38064 31872 39513 37115
Ma’anshan 7695 7558 48713 18947 75916 81449
Tongling 5338 3935 27813 12343 23136 17339
Anqing 4470 4018 14738 8023 24978 11039
Chuzhou 5860 3799 18516 11210 35263 11236
Chizhou 1422 945 17345 5556 13950 15590
Xuancheng 3665 1811 19195 8641 38754 13276

Note: Data source: Statistical Yearbooks for various cities for 2016 and 2017

Table 5 Estimation of the effects of different factors on the air quality index (AQI) at a city level in the Yangtze River Delta region in

2016

Unstandardized Standardized 95% confidence . . L

. . . Collinearity statistics
Factor coefficients coefficients (oot value Sig. interval for B

B Std. Error Beta Lower bound Upper bound Tolerance VIF
Constant 100.380 27.391 3.665  0.002 43.244 157.516
National condition —51.840 11.979 -0.573 -4.328  0.000 —76.828 —26.852 0.778 1.285
Population size 34.775 13.604 0.468 2.556  0.019 6.398 63.151 0.408 2.452
Economic development 35.396 22.784 0.206 1.554 0.136 —12.131 82.922 0.777 1.287
Social civilization -3.851 17.380 —0.037 -0.222  0.827 —40.106 32.404 0.478 2.092
Environmental 39510 16.464 0.324 2400 0026  73.853 5.166 0.750 1333
regulation

Notes: B is a sample regression coefficient. Std. Error means standard error. Sig. is significance coefficient for short. And VIF means variance expansion factor.
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terms of attainment rates, seasonal differentiation, and
regional divisions based on a dataset from 2014 to 2016.
Furthermore, we centers on different factors which may
affect AQI among several metropolitan areas by using
the GIS spatial analysis and the entropy method. The
main conclusions are as follows:

(1) The annual average value of the AQI in the YRD
region decreased from 2014 to 2016, indicating that the
air pollution in this area has been obviously improved.
Meanwhile, the basic characteristics of ‘higher in win-
ter, lower in summer and slightly high in spring and au-
tumn’ has not been changed. And heavy pollution
weather mainly occurred in December and January.

(2) The attainment rate of the AQI shows an appar-
ently spatial stratified heterogeneity. The air quality of
Hefei metropolitan area, Tongtaiyan metropolitan area,
Sunan metropolitan area and Nanjing metropolitan area
maintained the worst air quality. Ningbo metropolitan
area demonstrated a good attainment rate of the average
annual air quality and other regions kept mild pollution.

(3) The decrease of Moran’s / index of the AQI from
2014 to 2016 demonstrates a statistically significant de-
crease of spatial clustering trend, which revealed that
the frequency of air pollution occurred in large regions
was gradually decreasing. But the news of the continu-
ance of severe pollution in Nanjing metropolitan area
and Hefei metropolitan area were reported in different
kinds of media.

(4) Per capita GDP and total energy consumption are
the most important factors, which is consistent with the
results of the analysis of atmospheric pollution sources
issued by some cities. Meanwhile, the large concentra-
tion of population will inevitably bring a series of nega-
tive effects and lead to the aggravation of the environ-
mental pollution. Maybe the limit of research time, the
effect of environmental regulation on the AQI is not
significant.

In order to optimize air quality in the YRD region,
the adjustment of industrial structure, wider use of pub-
lic transport and integrated environmental control
should be further accelerated. In addition, due to data
limitation, the paper cannot discuss the long-term
change of AQI in the YRD region. However, the spatio-
temporal evolution of air quality and its impact mecha-
nism will be studied deeply in the future. We are still
working hard to collect more detailed AQI data in order
to better understand the changing laws of AQI and its

influencing factors.
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