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In order to analyze the primary sources of air pollutants in Chang-Zhu-Tan region, this article selected the environmental
monitoring data and meteorological data in the winter of 2019 to calculate the backward airflow trajectories with the Chang-Zhu-
Tan region as the starting point by using the backward trajectory model. Combined with the ground concentration monitoring
data, cluster analysis, potential source contribution factor (PSCF) analysis, and concentration weighted trajectory (CWT) analysis
were carried out to determine the pollutant transportation paths and sources of the potential source area.,e results show that air
mass transportation mainly comes from three directions: northwest, northeast, and southwest China. ,e airflow in northwest
China moves faster and cleaner, while the airflow from the northeast and southwest moves slowly and carries a high concentration
of pollutants. PSCF and CWTanalyses show that the critical potential sources are mainly located in this area and some cities next
to the study area.,is study has important practical significance for the environmental research of Chang-Zhu-Tan region and can
provide theoretical reference for regional joint prevention and control of air pollution.

1. Introduction

Regional air pollution is caused by human activities and local
special geographical location, which has been the most se-
vere environmental problem in recent years [1]. ,e spatial
and temporal distribution characteristics of urban air pol-
lution in China are prominent [2, 3]. In winter, significant
disastrous weather is frequent, so air pollution is the most
serious, followed by spring and autumn, and summer is the
best [4]. Air pollution sources can be divided into two
categories, natural and human-made sources. ,e anthro-
pogenic source is the main aspect of air pollution. It is
mainly produced by people’s production activities and daily
activities (industry, transportation, various combustion,
garbage treatment, etc.). ,e primary pollutants include
particulate matter (PM2.5, PM10), carbon monoxide (CO),

nitrogen dioxide (NO2), sulfur dioxide (SO2), and ozone
(O3) [5]. In most studies, scholars mainly analyzed the
spatial-temporal pattern, pollution characteristics, and
transportation path of PM2.5. However, there are few
studies on the overall analysis of multiple pollutants [6].

,e research contents of source analysis of air pollutants
mainly include quantitative source analysis, cause and
process analysis, and local source inventory analysis [7–18].
In the study of source analysis of air pollutants, some
scholars used the constrained positive matrix decomposition
method, Kriging interpolation method, positive matrix
factorization method, and so forth [7, 8, 19]. HYSPLIT
(Hybrid Single-Particle Lagrangian Integrated Trajectory)
backward trajectory model is often used to deal with input
fields of various meteorological elements and emission
sources of different types of pollutants. ,e source,
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transportation, air mass trajectory, diffusion, sedimentation,
and other processes of air pollutants are also calculated and
analyzed. ,e possible transmission path from the pollution
source to the corresponding recipient area at a specific time
is estimated to show the concentration contribution and
spatial and temporal distribution characteristics of pollut-
ants [9]. ,e research methods include trajectory cluster
analysis, potential source contribution function (PSCF), and
concentration weighted trajectory (CWT). Cluster analysis
allocates trajectories into representative spatial groups. PSCF
is a conditional probability function, which uses a backward
trajectory to describe the geosynchronous orientation of
potential sources and identify pollution sources. Because it
only calculates the number of pollution trajectories, not the
concentration of pollutants, it is difficult to distinguish
pollution degrees of different pollution sources. CWTmodel
can produce the difference of pollution trajectory in pol-
lution degrees. Trajectory clustering analysis, PSCF, and
CWT have been widely applied in published studies, and
their combination can provide better information on the
location of pollution sources [8, 9, 13–15, 20].

According to the information released on the website of
the Ecology and Environment Department of Hunan, in
recent years, Changsha, Zhuzhou, and Xiangtan (Chang-
Zhu-Tan) have been at the bottom of Hunan province in the
air quality index evaluation ranking. Chang-Zhu-Tan region
is one of the national “two-type society” comprehensive
reform experimental areas. In recent years, the apparent
economic growth makes the task of environmental pro-
tection increasingly arduous. In the literature of air pollution
source analysis, most of the domestic research areas are
concentrated in Beijing-Tianjin-Hebei, Yangtze River Delta,
north China, west China, and northwest China
[8, 10–12, 15, 16, 20]. ,ere are few related types of research
in central China, especially in Chang-Zhu-Tan region
[8, 10–12, 15, 16, 20].

In this study, the primary and potential sources of air
pollutants in Chang-Zhu-Tan region in winter were studied
based on hourly pollutant data by using trajectory cluster
analysis, PSCF, and CWT. Our objectives were (i) to analyze
the air mass transportation in Chang-Zhu-Tan region and
(ii) to determine the pollutant transport path and pollution
source of potential source area.

2. Materials and Methods

2.1. Site Description. Chang-Zhu-Tan Urban Agglomera-
tion, including Changsha (28.23°N, 113°E), Zhuzhou
(27.83°N, 113.16°E), and Xiangtan (27.87°N, 112.91°E) cities,
is located in the central and eastern part of Hunan province
in China.,e three cities are distributed in the lower reaches
of Xiangjiang River in an inclined “T” shape. Chang-Zhu-
Tan belongs to the subtropical monsoon climate zone, with
apparent seasonal variation, cold winter and hot summer,
abundant precipitation, suitable temperature, less severe
winter, more northwest wind, and vulnerability to cold wave
and strong wind. ,e topography is mainly hills and plains,
in which mountains, hills, plains, and rivers are distributed
alternately. ,e terrain is high in the south and low in the

north. ,e north is flat and open, and the south is hilly [21].
,e area with an altitude below 100m accounts for 88.72% of
the total area of the study area.

2.2. Data Sources. In this study, the air quality data (mainly
the concentration of pollutants) were from the China Na-
tional Environmental Monitoring Centre. ,ere are 24
ground air quality monitoring points in the study area, as
shown in Table 1. ,e data collection time range was winter
of 2019 (December to February of the next year), and the
data’s resolution was 1 hour. ,e meteorological data (in-
cluding air pressure, dew point, wind direction, wind speed,
temperature, cloud cover, precipitation, etc.) used in the
backward trajectory model were recorded by the global data
assimilation system of the United States every six hours,
which are 0, 6, 12, and 18 o’clock, respectively [22].

2.3. Data Analysis

2.3.1. HYSPLIT Model. ,e backward trajectory model
represents the latest state of the air mass, and the atmo-
spheric mass trajectory can provide the information of the
area affected by the point source. Taking Changsha, Zhuz-
hou, and Xiangtan as the simulation center, 500m is selected
as the average flow field of the atmospheric boundary layer
near the surface of the study area. Based on the HYSPLIT 4
model developed by NOAA (National Oceanic and At-
mospheric Administration) and BOM (Australia’s Bureau of
Meteorology), the 72 h backward airflow trajectories arriving
at the research area every 6 hours from December 2019 to
February 2020 are calculated. Driven by the global atmo-
spheric reanalysis data of the National Centre for Envi-
ronmental Prediction (NCEP), the model covers the whole
process of transport, diffusion, and deposition and is widely
used in pollutant transport path and source area analysis
[23].

2.3.2. Trajectory Cluster Analysis. Cluster analysis is a
multivariate statistical analysis method that classifies the
original data according to their similarity and affinity [20].
,e backward trajectory clustering in the HYSPLITmodel is
to cluster and group all air mass trajectories from the source
to the receiving point according to the spatial similarity of air
mass movement, including the velocity and direction of
movement, to obtain different types of airflow trajectories.
Based on the moving direction and velocity, the air mass
trajectories in winter in Chang-Zhu-Tan are clustered. ,e
backward trajectories of airflow movement are then clas-
sified according to the change rate of total space variance
(TSV).

2.3.3. Potential Source Contribution Function (PSCF)
Analysis. PSCF is a method based on conditional proba-
bility function to calculate and judge the geographical ori-
entation of potential source area and further identify the
pollution source area using airflow trajectory [13–15]. ,e
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study area is divided into i grids and calculated according to
the formula.

PSCFi �
Mi

Ni

, (1)

whereMi is the residence time in the i grid of all contaminated
air mass tracks whose concentration exceeds the set threshold;
Ni is the total residence time of all air mass trajectories in the i
grid. ,e larger the result value, the higher the proportion of
pollution tracks passing through the area. ,e corresponding
region ismore likely to be the potential source area of pollutants,
and the trajectory of high value is the main path of pollutant
transport.

2.3.4. Concentration Weighted Trajectory (CWT) Method.
PSCF represents the proportion of pollution trajectories in all
trajectories in each grid, only reflects the proportion of pollution
trajectories, and cannot show the difference of pollution degree
of pollution trajectories; that is, it cannot reflect the difference of
pollution contribution of different source regions. Furthermore,
the CWT of the trajectory can be calculated by using the
concentration weighted trajectory analysis method, and the
difference of the pollution trajectory in the pollution degree can
be obtained to make up for the deficiency of the PSCF method.
CWT [20] is used to calculate the weight concentration of
trajectories, and the average weight concentration of grids is
quantitatively given. ,e calculation formula is shown as
follows:

CWTi �
1


m
n�1 Nin



m

n�1
Cin, (2)

where CWTi is the average weight concentration of grid i; n
is the trajectory; Nin is the residence time of trajectory n in
the i grid;m is the number of trajectories; Cin is the pollutant
mass concentration corresponding to the trajectory n
passing through the i grid.

3. Results

3.1. Analysis of Air Mass Transportation in Chang-Zhu-Tan
Region. ,e distribution map of backward airflow trajec-
tories in the winter of 2019 in Chang-Zhu-Tan is drawn, as

shown in Figure 1. Obviously, the northwest, northeast, and
southwest directions are the main transport directions of
airflow in the study area, some of which are similar to the
clockwise clover. ,e movement speed of the airflow is
expressed by the length of the trajectory. ,e air mass
moving faster leads to the trajectory longer. It can be seen
that the airflow in the northwest direction is relatively rapid,
mainly due to the influence of monsoon climate and strong
wind.

3.2. Cluster Analysis of the Backward Trajectory. Based on
themoving direction and velocity, the air mass trajectories of
each month are clustered. ,e backward trajectories of
airflow movement are divided into 3 or 4 categories
according to the change rate of TSV value, as shown in
Figure 2. ,e longest track reached about 40°N, and the air
mass moved fastest. Compared with the trend of mountains
in China, it can be seen that the track was along the Qilian
Mountains, passing through the channel between Qinling
Mountains and Daba Mountains into central China, passing
through InnerMongolia, Gansu, Shaanxi, Henan, andHubei
provinces and finally arriving at the research area. ,e
trajectory of airflow transport from Hubei, the northern
neighbouring province, was the shortest and the moving
speed of air mass was slow. Simultaneously, combined with
the air pollutant concentration data for statistical analysis,
the occurrence probability of each type of trajectory and the
corresponding average value of air pollutant concentration
(see Table 2) are calculated to analyze the impact of different
types of airflow on the concentration of pollutants. In order
to facilitate analysis and comparison, the hourly mass
concentration data of air pollutants in the winter of 2019
(December 2019 to February 2020) are used to calculate the
average concentration of pollutants (see Table 3).

In December 2019, the fastest moving air mass was No. 1
from the north of the study area, passing through Shanxi,
Henan, and Hubei, and the probabilities of its occurrence in all
tracks in Changsha, Zhuzhou, and Xiangtan were 23%, 34%,
and 25%, respectively. In the corresponding pollutant con-
centration table of the three places, the daily average level of O3
was lower than the average value of daily average concentration
in winter of 2019, and the concentrations of PM2.5, SO2, NO2,

Table 1: Longitude and latitude of the air quality monitoring points in the study.

Monitoring point Longitude Latitude Monitoring point Longitude Latitude
Jingkai district (Changsha) 113.08°E 28.23°N Jianglu (Xiangtan) 112.89°E 27.87°N
Gaokai district (Changsha) 112.89°E 28.22°N Yuetang (Xiangtan) 112.92°E 27.82°N
Hunan University of Chinese Medicine
(Changsha) 112.89°E 28.13°N Hunan University of Science and Technology

(Xiangtan) 112.91°E 27.91°N

Hunan Normal University (Changsha) 112.94°E 28.19°N Zhaoshan (Xiangtan) 113.00°E 27.92°N
Yuhua district (Changsha) 113.00°E 28.14°N Shaoshan (Xiangtan) 112.49°E 27.92°N
Wujialing (Changsha) 112.98°E 28.26°N Tiantao Hills (Zhuzhou) 113.14°E 27.82°N
New railway station (Changsha) 113.00°E 28.19°N Zhuye hospital (Zhuzhou) 113.10°E 27.89°N
Tianxin district (Changsha) 112.98°E 28.12°N No.4 Middle School (Zhuzhou) 113.17°E 27.87°N
Mapoling (Changsha) 113.08°E 28.21°N Railway station (Zhuzhou) 113.14°E 27.84°N
Shaping (Changsha) 113.00°E 28.36°N Zhuzhou (Zhuzhou) 113.13°E 27.85°N
Bantang (Xiangtan) 112.94°E 27.86°N Dajing Scenic Spot (Zhuzhou) 113.25°E 27.83°N
Xiangtan (Xiangtan) 112.91°E 27.84°N Yuntian Middle School (Zhuzhou) 113.18°E 28.00°N
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and CO in Changsha and Xiangtan were lower than the average
values, and the carrying pollution was light. ,e concentration
of PM10 in Changsha was 54.2μg/m3, close to the average value
of 60.26μg/m3, but PM10 in Xiangtan was 70.7μg/m3 and that
in Zhuzhouwas 82.2μg/m3. It can be seen that Zhuzhouwas the

highest pollutant concentration affected by the No. 1 airflow
trajectory, and the concentrations of SO2, NO2, and PM10 were
higher than those of the other two cities. ,e No. 2 airflow
trajectory passing through Jiangxi and Hubei provinces was the
main transport channel, accounting for 57%, 34%, and 52% of
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Figure 1: Distribution of backward airflow trajectories from December 2019 to February 2020 in Chang-Zhu-Tan region.
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Figure 2: Clustering distribution of backward trajectories from December 2019 to February 2020 in Chang-Zhu-Tan region.
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the track probability of Changsha, Zhuzhou, and Xiangtan,
respectively. ,e average concentrations of PM2.5, PM10, SO2,
and NO2 carried by the airflow were the highest in Changsha
and Xiangtan. ,e impact of the No. 3 airflow trajectory from
the south on the concentration of atmospheric particulates
corresponding to Changsha and Xiangtan was similar to that of
No. 1, and the pollution carried by No. 3 had a more significant
impact on Zhuzhou. ,e corresponding concentrations of
PM2.5, PM10, SO2, and NO2 reached 99.2, 121.2, 17.3, and
59.5μg/m3, respectively, which were much higher than the
average values in winter. No. 1, No. 2, and No. 3 air trajectories
had little effect on O3 and CO, and O3 concentration was lower
than the average level in winter. Among all the trajectories, the
No. 2 airflow trajectory had a significant influence on the
particulate matter concentration in Changsha and Xiangtan,
while the concentrations of other pollutants except O3 and CO
in Zhuzhou were greatly affected by the No. 2 and No. 3
trajectories.

In January 2020, the three cities’ backward trajectories
were divided into four categories according to the change
rate of TSV value. Among them, the first three types of tracks
were similar to those of the previous month. ,e airflow of
trajectory No. 4 accounted for 18%, 26%, and 19% of the
total tracks of Changsha, Zhuzhou, and Xiangtan, respec-
tively, passing through Henan, Anhui, the border areas of
Shandong and Anhui, and the border areas of Shandong and
Jiangsu. ,e air mass moved rapidly with long transmission
distance and long trajectory. However, the average con-
centrations of PM2.5, PM10, SO2, and NO2 carried by the
airflow were far lower than the seasonal average values; in
particular, SO2 was only between 3.5 and 5.3 μg/m3, and the
pollution is relatively light. However, compared with other
airflow trajectories, the O3 concentration carried by No. 4
was higher, about 40 μg/m3. ,e concentration of air pol-
lutants carried by the No. 2 airflow track from the north
through central Hubei and central Henan was not high.
Trajectory No. 3 accounted for the least proportion, ac-
counting for 4%, 6%, and 5% of the total trajectories of
Changsha, Zhuzhou, and Xiangtan, respectively. It carried
about 1.3 μg/m3 of CO through Guangdong to the central
part of Hunan, which was higher than other airflow tra-
jectories. ,e length of the No. 1 airflow trajectory imported
from Hubei was relatively short, and the air mass movement
speed was not fast. ,e PM2.5 concentration was about
10 μg/m3 higher than the average seasonal value of
59.43 μg/m3 and hovered around the national standard daily
average concentration limit of 75 μg/m3. It may be due to the

impact of anthropogenic pollution, and the fine particulate
matter pollution was more serious.

In February 2020, the main transport channel was the
No. 1 airflow trajectory, accounting for 58%–68% of the total
number of tracks. It passed through the eastern part of
Hubei and the northeast of Hunan, with a short track and
slow-moving air mass speed. ,e concentration of air
pollutants carried except for O3 by it was lower than the
average seasonal value. Perhaps due to the impact of the
SARS-CoV-2, during this period, the factory was shut down,
and the traffic flow was reduced, so the air pollutants in the
area along the route were also significantly reduced. Airflow
trajectory No. 2 came from the border of eastern Guangxi
and Guangdong and the central and southeast of Hunan. In
addition to O3, the concentrations of input air pollutants
were also at a low level. ,e No. 3 airflow trajectory with the
least probability of total trajectories, ranging from 8% to
11%, came from the boundary of northern Shaanxi and
Inner Mongolia and passed through the border of Shanxi
and Shaanxi, the border of western Henan and Shanxi,
western Henan, and central Hubei. ,e trajectory was very
long, and the air mass moved rapidly, but the concentrations
of air pollutants carried by it were at a very low level except
for O3. Among the input pollutants, the concentrations of
PM2.5 and PM10 were only 15.7 and 19.9 μg/m3 in
Changsha, 11.7 and 19.4 μg/m3 in Zhuzhou, and 11.3 and
17.7 μg/m3 in Xiangtan, while the concentrations of SO2,
NO2, and O3 were only 4.7–5.7, 6.5–9.3, and 0.4–0.6 μg/m3,
respectively. However, in February, the O3 concentration
brought by each airflow trajectory was not low; in particular,
the O3 concentration of No. 3 was above 60 μg/m3, which
was much higher than the average seasonal value.

On the whole, in winter, the airflow from northwest
China carried fewer air pollutants and was relatively clean,
while the airflow from the north by east and south passing
through more developed areas had a higher average con-
centration of pollutants, and the pollution situation was
relatively severe.

3.3. Analysis of Potential Source Area and Pollution Degree.
In order to further analyze the air pollution transport source
and confirm the potential source area of winter pollutants,
the PSCF analysis of PM2.5 concentration in the study area
was carried out by using MeteoInfo software. ,e contri-
bution value of potential sources represents the proportion
of pollution trajectories in the area.,e greater the value, the
more significant the contribution to PM2.5 concentration in
the target study area and the greater the possibility of the
region as the source of air pollution in the target area. ,e
calculation results are shown in Figure 3.

In Figure 3, the darker the color, the greater the PSCF
value. It can be seen that the PSCF value of PM2.5 in the
study area has a wide span and a large coverage area, mainly
concentrated in Hunan, Hubei, Jiangxi, and Henan prov-
inces, which means that the main potential source areas of
PM2.5 in the study area are concentrated in the adjacent
areas of Chang-Zhu-Tan region and the surrounding de-
veloped areas.

Table 3: Daily average concentration of pollutants in winter of 2019
in Chang-Zhu-Tan.

Pollution Daily average
concentration (μg/m3)

National secondary
standard limit

CO 0.93 4
NO2 34.77 40
SO2 7.78 150
PM2.5 59.43 75
PM10 60.26 150
O3 55.70 160
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,e PSCF method calculates the proportion of pol-
lution trajectories to all trajectories in a certain area to
reflect the potential pollution impact of the region on the
target area, which is only a conditional probability. On
this basis, in order to quantitatively analyze the pollution
level of different source regions, the CWT analysis
method is used to calculate the weight concentration of
each trajectory.

It is evident that the distribution characteristics of CWT
and PSCF in winter in Chang-Zhu-Tan region are similar
(Figure 4). ,e high-value range of CWT is concentrated in
Hunan, Hubei, and Jiangxi. Unlike the distribution of PSCF
high-value areas, CWT high-value areas are relatively
scattered, which is not entirely centered on the study area.
Hubei, Henan, Jiangxi, and Hunan are not connected to a
large high-value region, so a more accurate source distri-
bution is given. ,e main distribution areas are Chang-Zhu-
Tan region and Yueyang city in Hunan province, Jingzhou
city, and Xiaogan city in the central part of Hubei province,
Ezhou region in the south of Wuhan City, Nanchang city in
Jiangxi province, Pingxiang city in Jiangxi province bor-
dering Zhuzhou city in Hunan province, central Jiangxi
province (Xinyu and Ji’an city), and south of Jingdezhen in
the northeast of Jiangxi. ,ese areas are consistent with the
key potential source areas analyzed by PSCF, and the
contribution value of PM2.5 daily average mass concen-
tration in the study area exceeds national secondary

standard limit (75 μg/m3). In addition, there are also a few
small areas with a high contribution, such as Ganzhou city in
the south of Jiangxi province and Xinyang city in the south
of Henan province.

4. Discussion

In this paper, the potential source areas of PM2.5 in the study
area are obtained by PSCF method, and the contribution
weights of different source areas to PM2.5 concentration are
obtained by CWT method. ,e distribution characteristics
calculated by the two methods are close. Different from the
distribution of PSCFhigh value area, theCWThigh value area is
relatively scattered and not completely centered on the study
area. Compared with PSCF, the potential source areas deter-
mined by CWTmethod are more accurate, and this result may
help to formulate pollution reduction strategies.,ere are three
reasons that lead to the main potential sources of PM2.5
concentrated in the surrounding areas of Chan-Zhu-Tan area
and the surrounding developed areas. Firstly, the industries in
these areas are relatively developed, and the emission of air
pollutants is high [24]. Secondly, the airflow through these areas
moves slowly, and pollutants easily form accumulation.,irdly,
the pollutant diffusion effect is not good due to the short
distance transmission, so it has a significant impact on the study
area.
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Figure 3: Contribution distribution of potential source areas of
PM2.5 in winter of 2019 in Chang-Zhu-Tan region.
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Figure 4: CWT contribution of PM2.5 in winter of 2019 in
Chang-Zhu-Tan region.
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Due to seasonal heating and weather patterns with
concentrated pollution in low altitude areas, the concentra-
tion of pollutants in winter in China is slightly higher than
that in other seasons, andmost areas cannot obtain long-term
station data, so we chose the data of three months in winter
for research.,e estimated value of particulate pollution from
the current study period may be similar to or slightly higher
than the long-term average. However, because remote sensing
data sets usually focus on annual or multiyear averages, this
limits the ability to make direct comparisons.

,e future work can be divided into two parts: (1) ex-
ploring seasonal changes and long-term trends combined
with remote sensing data; (2) we can continue to establish
the list of major pollutant emission sources in Chang-Zhu-
Tan region and use various air quality models to simulate the
complex process of atmospheric particulate matter diffusion
and transformation. ,is will help to analyze the source of
atmospheric particulate matter more scientifically and
accurately.

5. Conclusion

Topography analysis shows that the northeast of Chang-
Zhu-Tan area is the North China Plain and the Middle-
Lower Yangtze River Plain, and there is no obvious
mountain barrier for the airflow from the eastern ocean to
central China. In the northwest direction, there are Qilian
Mountains, Qinling Mountains, and Daba Mountains. In
winter, Siberian cold air flows into the interior of China
and even eastern China along the southeast trending
Qilian Mountains. ,e south is hilly, and the airflow from
the East China Sea and the South China Sea flows
clockwise to central China. In the north, west, and
southwest, there are Loess Plateau, Qinghai Tibet Plateau,
and Yunnan Guizhou Plateau, which form natural bar-
riers to block the airflow, so there is less airflow in these
directions.

During the winter of 2019, as a whole, the trend of the
airflow trajectories obtained by the backward trajectories
clustering of the three cities in the study area was basically the
same. ,e cluster trajectories were consistent with the leading
wind directions in the meteorological analysis, and most of
them were imported from the north by west, northeast, and
south by west. Because of the significant influence of topog-
raphy, the airflows were mostly imported along the mountain
ranges. In all kinds of clustering airflow trajectories in winter,
the average concentrations of pollutants carried by the airflow
trajectories imported from eastern Hubei and northeastern
Hunan were the highest, especially NO2 and PM2.5, which
exceed the national daily average concentration limits. ,e
airflow trajectories were short, and the moving speeds of air
masses were slow, which were affected by the short distance
transmission of human-made pollution emissions in some
areas, and the atmospheric diffusion condition was poor. In
addition, the study period may be affected by the epidemic
situation, factory shutdown, vehicle flow reduced, emissions
reduced, and all kinds of air pollutants in the route area sig-
nificantly reduced.
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