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Abstract: Atmospheric particulate pollution is one of the most common pollution related issues and
poses a serious threat to human health. PM2.5 and PM10 are important indicators of atmospheric
particulate pollution currently. Based on the Hybrid Single Particle Lagrangian Integrated Trajectory
(HYSPLIT) model, the hourly 72 h backward trajectory of particulate matter in Xi’an from March 2019
to February 2022 was calculated, and the main path of air flow to Xi’an was studied by cluster analysis.
Combined with hourly concentration monitoring data of PM2.5 and PM10 at each station, the potential
source area of particles in Xi’an was calculated by potential source contribution factor analysis and
concentration weighted trajectory analysis. The results show that Xi’an was most polluted in winter,
followed by autumn and spring, and cleanest in the summer. The annual average mass concentrations
of PM2.5 and PM10 are 48.5 ± 28.7 µg/m3 and 89.2 ± 39.2 µg/m3, respectively, both exceeding the
national secondary standard for ambient air quality. On an annual basis, back-trajectory analysis
showed that predominantly transport was rapid from the northwest (44%). Transport from the other
sectors were 24%, 19%, and 14% from the northeast, southeast, and southwest, respectively, and
featured lower windspeeds on average. The potential source areas of particulate matter in Xi’an
in the spring are mainly located at the junction of Chongqing, Hunan, and Hubei, and parts of the
southeast and north of Sichuan. This study provides context for air quality and atmospheric transport
conditions in this region of China.

Keywords: atmospheric particles; backward trajectory; potential source area; Xi’an

1. Introduction

Environmental problems are becoming increasingly prominent with the rapid growth
of the economy. Atmospheric particulate pollution is one of the most common pollution
issues and introduces many hazards [1,2]. Airborne particles, such as PM2.5 and PM10,
reduce visibility and increase the incidences of respiratory system diseases. PM2.5, also
known as inhalable lung particles, refers to fine particles with a diameter less than 2.5 µm.
PM2.5 is the main component of smog and can be suspended in the air for a long time [3,4].
PM10 refers to particles with a diameter less than 10 µm. Because the human nasal cavity
can only block particles with a diameter of more than 10 µm, particles with a smaller
diameter can directly enter the respiratory tract, which poses a serious threat to health [5,6].

Air quality is not only affected by local pollution but also by the long-distance trans-
portation of pollutants in surrounding cities [7]. Many experts and scholars have conducted
a series of relevant studies on the cross regional transport of air pollutants and invented
many methods, such as the FLEXPART model [8], Model-3/CMAQ model [9], GEOS-
CHEM model [10], etc. As a typical mixed model, HYSPLIT has the advantages of Euler
and Lagrange models, which can provide high quality and results consistent with reality.
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It is widely used in pollution trajectory simulation, pollution source region identification,
and quantitative estimation of pollutant concentration [11].

Xi’an is the largest economic, cultural, transportation, and commercial center in north-
west China. It suffers from severe particulate matter pollution in winter and spring, which
fails to meet the requirements of the local government and citizens [12]. Additionally, Xi’an
has experienced more extreme dust weather. Ma et al. [13] pointed out that the concentra-
tion of atmospheric particulates in Xi’an City was different in different seasons and affected
by the meteorological conditions and pollution in surrounding areas. Jiang et al. [14] found
that in 2017, air particulate matter in Xi’an was not only affected by local pollution but also
affected by Yan’an, Tongchuan, and Inner Mongolia. Guo et al. [15] conducted a study on
the sources of PM2.5 during a heavy pollution period in Xi’an at the end of 2018 and found
that Xianyang City was the largest source of contribution from other areas. Past studies
on the source of particulate matters in Xi’an City are short-term, and long-term studies
on the potential source is relatively rare. Through long-term research, the identification
of potential source areas can be more accurate, and some areas with longer distances can
also be identified [11]. Using backward trajectory clustering analysis and combining PM2.5
and PM10 monitoring data from Xi’an City, we analyzed the relationship between different
atmospheric particulates and the trajectories over a year. Additionally, we investigated
seasonality and the potential main sources of particulates through PSCF and CWT analysis.
This work provides a reference for improving the ecological environment and strengthening
the prevention and control of air pollution.

2. Materials and Methods
2.1. Study Area

Xi’an is located on the Guanzhong Plain in south-central Shaanxi Province, between
107◦40′ and 109◦49′ east longitude and between 33◦42′ and 34◦45′ north latitude. This area
governs 11 districts and 2 counties with a jurisdiction of 204 km from east to west and
116 km from north to south. The total area is 10,108 square kilometers and includes an
urban area of 3582 square kilometers (Figure 1). Xi’an City is located in the transition zone
of a humid climate from the southeast coast to an arid climate in the northwest inland area.
Influenced by topographic factors, the site has a temperate semi-humid monsoon climate
with four distinct seasons.
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2.2. Data Source

The air pollution data, including PM2.5 and PM10, came from the China Air Qual-
ity Online Monitoring and Analysis Platform (https://www.aqistudy.cn/) (accessed on
15 May 2022) monitoring stations. Data from 1 March 2019 to 28 February 2022 were used
in the analysis. There are 13 automatic monitoring stations for environmental air quality
at the China Environmental Monitoring Station in Xi’an City, including the High-Voltage
Switch Plant, Xingqing Community, Fangzhicheng, Xiaozhai, People’s Stadium, High-tech
West District, Economic Development Zone, Chang’an District, Yanliang District, Lintong
District, Caotan, Qujiang Cultural Industry Group, and Guangyuntan Station. We used the
hourly monitoring average values of all stations. Missing values have been removed. The
presence of some missing values has little impact on the results. Meteorological data for
the backward trajectory model came from the re-analysis data of Global Data Assimilation
System (GDAS) provided by United States National Centers for Environmental Prediction
(https://www.weather.gov/ncep/) (accessed on 10 June 2022). The spatial resolution is
1◦ × 1◦, and the height is divided into 23 layers, including air pressure and horizontal and
vertical wind speed.

2.3. Methods
2.3.1. Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) Model

The backward trajectory model is built based on Meteoinfo software and the TrajS-
tat plug-in. The HYSPLIT trajectory model is one of the most widely used atmospheric
transport and diffusion models in atmospheric science. It was jointly developed by the
National Oceanic and Atmospheric Administration (NOAA) and the Australian Bureau
of Meteorology (BOM) and is a professional model used to calculate air transport, diffu-
sion, and settlement [16–19]. A variety of statistical and analytical methods based on the
HYSPLIT backward trajectory model have been gradually developed including trajectory
clustering analysis, the potential source contribution function method (PSCF), and concen-
tration weighted trajectory analysis (CWT) [20]. These methods have been used in grid
analysis and have successfully determined air flow trajectories and pollutant source areas.
Meteoinfo is a free meteorological data display and analysis software with some basic
GIS functions and was developed by Chinese meteorologists [21]. The TrajStat plug-in
integrates HYSPLIT model and can be used to calculate air flow trajectory and complete
corresponding analysis work [22]. Taking Xi’an City (34.16◦ N, 108.90◦ E) as the trajectory
receiving point, the paper calculated hourly backward air flow trajectory in 72 h during the
study period.

2.3.2. Trajectory Clustering

Clustering is a process of classifying data into different classes or clusters. In clustering
analysis, backward trajectories can be classified according to the direction of trajectory
source and trajectory length for statistical analysis [23]. TrajStat provides two clustering
methods: Euclidean clustering and angular clustering. Euclidean clustering, mainly based
on the length of trajectories, clusters those with similar lengths into a class. Angular
clustering, based on the source direction of trajectories, clusters those from the same
direction into a class [22]. This paper focuses on the direction of air flow source, so the
angular clustering method is adopted. Because the direction of air flow source is dependent
on the season, the air flow trajectories are clustered according to seasons: from March to
May in spring, from June to August in summer, from September to November in autumn,
and from December to February in winter.

2.3.3. Potential Source Contribution Function (PSCF) Method

PSCF analysis was used to calculate the potential source areas of pollutants based
on air flow trajectories [24,25]. First, values of the pollutants were introduced into each
trajectory; a standard value of pollutants was set; and the trajectory exceeding the standard
value is the pollution trajectory. Next, the research area was divided into grids with the

https://www.aqistudy.cn/
https://www.weather.gov/ncep/
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same size, and each grid was analyzed separately. PSCF analysis is based on a conditional
probability, i.e., the ratio of the number of pollution trajectories (mij) passing through the
grid (i, j) to the total number of trajectories (nij) passing through the grid. The higher the
PSCF value, the greater the impact on the potential pollution in the receiving point.

The formula is as follows:
PSCFij =

mij

nij
(1)

When the grid is crossed by a small number of trajectories, it was considered less
likely to be a potential source area. Thus, the weighted factor Wij was introduced and is
determined according to the total number of trajectories in each grid [26–28]. Therefore,
the weighted potential source contribution function (WPSCF) is expressed as:

WPSCFij = PSCFij ×Wij (2)

Wij


1

(
80 ≤ nij

)
0.7

(
20 < nij ≤ 80

)
0.42

(
10 < nij ≤ 20

)
0.05

(
nij ≤ 20

) (3)

where nij is the total number of trajectories in the grid (i, j); Wij is the weighed factor in the
grid (i, j).

The secondary standard value of Ambient Air Quality Standards (GB 3095-2012) is
taken as the standard for judging the pollution trajectory [29], with PM2.5 being 75 µg/m3

and PM10 being 150 µg/m3. When the air flow reaches Xi’an City, if the concentration
of particles exceeds the standard, its corresponding trajectory is the pollution trajectory;
otherwise, it is the clean trajectory.

2.3.4. Concentration-Weight Trajectory (CWT) Method

PSCF analysis has certain limitations since it is based on a conditional probability
and can only reflect the proportion of pollution trajectories. Therefore, we introduced
concentration weighted trajectory (CWT) analysis [30–32]. According to the time of pol-
lution trajectory passing through the grids, the weighted concentration trajectory of air
flow in each grid is calculated, and the result can demonstrate the pollution degree of the
research area.

CWTij =
1

∑M
l=1 τijl

∑M
l=1 Clτijl (4)

where CWTij is the average weighted concentration on the grid (i, j); l is the trajectory; M is
the total number of trajectories; Cl is the concentration of trajectory l; Cij is the corresponding
average mass concentration when the trajectory l passes through the grid (i, j); τijl is the
time that the trajectory l stays in the grid (i, j).

The same weighted factor Wij, as that in the PSCF analysis, can be introduced into CWT
analysis to reduce the uncertainty of the results. Therefore, the weighted concentration-
weight trajectory (WCWT) is expressed as:

WCWTij = CWTij ×Wij (5)

3. Results and Discussion
3.1. Overview of Air Particulate Matter in Xi’an

From 2019 to 2022, the concentration of atmospheric particulate matters in Xi’an City
showed an insignificant downward trend (Figure 2). With the exception of February 2020,
the average mass concentration of PM10 was higher than PM2.5. The maximum monthly
average mass concentration of PM10 appeared in March 2021, with a concentration of
205.3 µg/m3. The maximum monthly mean mass concentration of PM2.5 was 135.6 µg/m3

in January 2020. The variation of PM10 concentration fluctuates greatly, and the difference
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between the maximum and minimum values is more than 150. The concentration changed
in PM2.5 was relatively flat. PM2.5 and PM10 have the same trend of change, reaching the
highest value in January or March and the lowest value in August or September each year.
The minimum values of PM2.5 and PM10 occur in August or September each year.
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In terms of seasons, the concentrations of PM2.5 and PM10 varied consistently and are
lowest in summer and highest in winter (Figure 3). The concentrations of PM2.5 in spring
and autumn are similar, and the concentration of PM10 in spring is higher than in autumn.
For the most polluted winter and spring, the concentrations of PM2.5 and PM10 in winter are
86.9 ± 18.1 µg/m3 and 112.7 ± 27.4 µg/m3; the concentration of PM2.5 and PM10 in spring
is 60.3 ± 24.7 µg/m3 and 112.0 ± 34.48 µg/m3. The concentration of PM2.5 in spring and
winter is 2.8 and 2.4 times higher than that in summer, and the concentration of PM10 is 2.4
and 4.0 times higher than that in summer. The annual average mass concentration of PM2.5
is 48.5± 28.7 µg/m3, about 38.6% higher than the national average secondary concentration
limit of PM2.5 (35 µg/m3). The number of days with the average concentration exceeding
the standard is 180 days, and the over-standard rate is 16.7%. The degree of PM10 pollution
is severe with an annual average mass concentration of 115.09± 39.2 µg/m3, which is about
53.5% higher than the national average secondary concentration limit of PM10 (70 µg/m3).
The number of days with the average concentration exceeding the standard is 140 days, and
the over-standard rate is 13.0%. Summer is the high occurrence period of severe convective
weather, which is more conducive to the diffusion of air pollutants, and precipitation will
remove part of the air particles to a certain extent.
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Particulate matter concentrations and meteorological conditions are highly linked
as has been noted in many studies [33–35]. Summer is a period of high incidence of
severe convective weather, which is more conducive to the diffusion of air pollutants,
and precipitation will to some extent remove some air particulate matter. In Xi’an City,
inversion occurs all year round; that is, the temperature rises with the increase of altitude.
The warmer and lighter air flow rises above the colder and heavier air flow, which forms
a stable atmospheric stratification and weakens the vertical exchange of air flow [36,37].
Inverse temperature is not conducive to the diffusion of water vapor and smoke in the air,
which further aggravates air pollution. The phenomenon of inversion in Xi’an City is the
most common in winter, followed by autumn and spring, and the least in summer [38].

3.2. Linear Relationship between PM2.5 and PM10

By analyzing the correlation between PM2.5 and PM10, we can roughly understand
their homology. With the change of seasons, the correlations between PM2.5 and PM10 does
not change significantly (Figure 4). The correlation between summer and autumn is above
0.7, and the correlation between spring and winter is above 0.6. From spring to winter,
the value of PM2.5/PM10 increases. In spring and summer, the contribution of PM2.5 to air
particulate matter pollution cases was low, and PM10 was the main contributor. In autumn
and winter, the proportion of PM2.5 in air pollution increases gradually. PM2.5/PM10 can
be used to initially identify the sources of atmospheric particles with different diameters.
When the diameter of PM2.5/PM10 is less than 0.2, it is considered as being influenced
by natural dust. When the value of PM2.5/PM10 is greater than 0.6, it is considered as
being influenced by man-made pollution [39]. Pollution intensifies in the spring because of
increased sandstorm frequency during springtime in Xi’an City [40]. Ordinary sandstorms
mainly affect the concentration of particles with a diameter below 10 µm. PM2.5 and
PM10 mainly sourced from dust, industry, coal, and vehicle exhaust. In winter, the ratio
of PM2.5/PM10 is greater than 0.6, indicating that human sources have a great influence.
Compared with PM10, the mass concentration of PM2.5 is more susceptible to secondary
sources. In winter, Xi’an City uses coal as the main heating energy, so a large number of
organic particles and inorganic salts produced in the incomplete combustion of coal are
one of the important sources of PM2.5 [41].

3.3. Backward Trajectory Distribution Characteristics

The backward trajectory over 72 h in Xi’an City from March 2019 to February 2022
was simulated hourly which resulted in a total of 26,304 trajectories (Figure 5). After
seasonal clustering analysis, the trajectories are clustered into four categories in spring, five
categories in summer, four categories in autumn, and four categories in winter (Table 1).
In 2021, the backward air flow trajectories are clustered into five categories. Annually,
the air flow from the northwest accounts for the highest proportion, reaching 43.98% in
total, and moves fast over long distances. The air flow from the northeast, southeast, and
south moves slowly over short distances. The highest concentrations of PM2.5 and PM10
in the northwest air flow pass through Jiuquan City, Xining City, Lanzhou City, Tianshui
City, and Baoji City. The mass concentrations of PM2.5 and PM10 in the air flow from the
southeast from Xiangyang City, Shiyan City, and Shangluo City are low and similar to the
south passing through northern Chongqing City and Ankang City. The mass concentration
of PM2.5 in the air flow from the northwest passing through Alxa League, Yinchuan City,
Yan’an City, and Tongchuan City is the lowest.
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Table 1. Statistical analysis of PM2.5 and PM10 mass concentrations in different tracks of Xi’an in four
seasons and all year.

Season Clusters Track Region

All Tracks

The Percentage of
All Trajectories

(%)

Mean
Concentrations of

PM2.5 (µg/m3)

Mean
Concentrations of

PM10 (µg/m3)

Spring

1 Central Gansu, southern Ningxia,
Baoji 41.9 39.7 128.5

2 Western Inner Mongolia, Central
and Northern Shaanxi 13.1 36.1 94.9

3 Northwest Henan, Weinan 27.1 40.7 99.7

4 Ankang, Shangluo 17.9 49.9 122.8

Summer

1 Western Inner Mongolia, central
and southern Ningxia, Baoji 12.7 21.4 58.8

2 Central Inner Mongolia and
central and northern Shaanxi 10.7 16.4 44.3

3 Northwest Henan, Weinan 21.2 22.4 51.5

4 Northwest Hubei, Shangluo 34.8 23.6 48.9

5 Central Chongqing, Ankang 20.6 22.1 46.5

Autumn

1 North-central Gansu,
south-central Ningxia, Tongchuan 28.0 35.0 85.6

2 Western Inner Mongolia, Central
and Northern Shaanxi 11.6 34.6 67.4

3 Northwest Henan, Weinan 29.3 35.0 58.0

4 Western Hubei, Ankang,
Shangluo 31.1 58.6 107.1

Winter

1 Eastern Xinjiang, western Gansu,
Baoji 33.2 19.6 124.0

2 Western Inner Mongolia, northern
Ningxia, central Shaanxi 21.7 62.4 105.6

3 Central and southern Shanxi,
Shangluo 29.7 97.6 120.8

4 Northwest Hubei, Ankang 15.5 127.4 160.7

Year

1 Gansu, southern Ningxia, Baoji 22.4 47.2 111.6

2
Western Inner Mongolia,

north-central Ningxia, central
Shaanxi

21.5 37.1 98.2

3 Central and southern Shanxi,
northwest Henan, Weinan 23.8 42.9 93.8

4 Northwest Hubei, Shangluo 18.7 42.5 88.1

5 Chongqing North, Ankang 13.6 44.0 88.6

The air flow arriving in Xi’an City in the spring is divided into four categories and the
flow through the northwest accounts for the largest proportion, reaching 41.9%. The air
flow from the east ranks second, accounting for 27.1%. The air flow from the south and
north accounts for 17.9% and 13.1%, respectively. The concentration of PM10 in the air flow
from the south, passing through Ankang City and Shangluo City, is high and similar to the
northwest, passing through Jiuquan City, Zhangye City, Guyuan City, and Baoji City. The
concentration of PM2.5 in air flow from the south is the highest among the four categories.
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In summer, air directions vary and are grouped into five categories. The southeast
air flow from Xiangyang City, Shiyan City, and Shangluo City accounts for the largest
proportion, reaching 34.8%. The proportion of air flow from the north passing through
Ordos City, Yan’an City, and Tongchuan City accounts for the smallest proportion, reaching
10.7%. The concentration of PM10 in the northwest air flow from Alxa League, Guyuan
City, and Baoji City which moves the fastest is the highest. The concentration of PM10 in
the air flow from the north is the lowest. The concentration of PM2.5 in air flow from all
directions is similiar and low.

The air flow in autumn is divided into four categories. The northwest accounts
for 39.6%. The southeast accounts for 31.1%. The east air flow accounts for 29.3%. The
concentrations of PM2.5 and PM10 in the air flow from the southeast passing through Shiyan
City, Ankang City, and Shangluo City are much higher than other clusters.

The air flow in winter is divided into four categories. The northwest accounts for
54.84% in total with the farthest movement distance. The air flow from the south accounts
for the smallest proportion at 15.5%, with the shortest movement distance. The concen-
trations of PM2.5 and PM10 in the south air flow from Shiyan City and Ankang City are
the highest. The concentrations of PM2.5 and PM10 in the air flow from the north, passing
through Alxa League, Yinchuan City, and Yan’an City, are the lowest.

3.4. PSCF Analyses

In the area where the trajectory passes, a grid of 0.5◦ × 0.5◦ is established according
to the latitude and longitude. The potential pollution sources of PM2.5 and PM10 in Xi’an
City in spring and winter are analyzed through the PSCF method. The results are shown in
the Figure 6. The greater the WPSCF value, the greater the contribution of this area to the
air pollution concentration in Xi’an City. Generally, the area with a WPSCF value higher
than 0.5 is the main potential source area. This study analyzed the spring and winter when
particulate pollution is severe.

Atmosphere 2023, 14, x FOR PEER REVIEW 10 of 14 
 

 

the air flow from the north is the lowest. The concentration of PM2.5 in air flow from all 
directions is similiar and low. 

The air flow in autumn is divided into four categories. The northwest accounts for 
39.6%. The southeast accounts for 31.1%. The east air flow accounts for 29.3%. The con-
centrations of PM2.5 and PM10 in the air flow from the southeast passing through Shiyan 
City, Ankang City, and Shangluo City are much higher than other clusters. 

The air flow in winter is divided into four categories. The northwest accounts for 
54.84% in total with the farthest movement distance. The air flow from the south accounts 
for the smallest proportion at 15.5%, with the shortest movement distance. The concentra-
tions of PM2.5 and PM10 in the south air flow from Shiyan City and Ankang City are the 
highest. The concentrations of PM2.5 and PM10 in the air flow from the north, passing 
through Alxa League, Yinchuan City, and Yan’an City, are the lowest. 

3.4. PSCF Analyses 
In the area where the trajectory passes, a grid of 0.5° × 0.5° is established according 

to the latitude and longitude. The potential pollution sources of PM2.5 and PM10 in Xi’an 
City in spring and winter are analyzed through the PSCF method. The results are shown 
in the Figure 6. The greater the WPSCF value, the greater the contribution of this area to 
the air pollution concentration in Xi’an City. Generally, the area with a WPSCF value 
higher than 0.5 is the main potential source area. This study analyzed the spring and win-
ter when particulate pollution is severe. 

 

 
Figure 6. WPSCF analysis results of particulate matter Xi’an. 

The potential source areas of PM2.5 in spring are mainly scattered within a small area 
of south Shaanxi Province. In addition to Xiangxi Tujia and Miao Autonomous Prefecture, 
Enshi City and Youyang City at the junction of Hunan Province, Hubei Province, and 
Chongqing City, some areas are also distributed in the junction of southeastern Sichuan 
City and Chongqing City. They are far away from Xi’an City, which indicates that the 
contribution level from local pollution is low. In spring, the potential source areas of PM10 
are large. In addition to the potential source areas of PM2.5, there a few areas with WPSCF 
values higher than 0.5 in southeastern Xinjiang. 

Figure 6. WPSCF analysis results of particulate matter Xi’an.

The potential source areas of PM2.5 in spring are mainly scattered within a small area
of south Shaanxi Province. In addition to Xiangxi Tujia and Miao Autonomous Prefecture,
Enshi City and Youyang City at the junction of Hunan Province, Hubei Province, and
Chongqing City, some areas are also distributed in the junction of southeastern Sichuan
City and Chongqing City. They are far away from Xi’an City, which indicates that the
contribution level from local pollution is low. In spring, the potential source areas of PM10
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are large. In addition to the potential source areas of PM2.5, there a few areas with WPSCF
values higher than 0.5 in southeastern Xinjiang.

The potential source areas of PM2.5 in Xi’an City in winter are the largest in a face
pattern. The WPSCF value in central and southern Hubei Province is close to 1. The
areas with WPSCF value higher than 0.7 are widely distributed in the south of Shaanxi
Province, the west of Henan Province, Hubei Province, Chongqing City, and the junction
of Sichuan City and Gansu City. The areas with WPSCF values higher than 0.5 include
northern Qinghai Province, Henan Province, Shandong Province, southern Shanxi Province,
and central Hebei Province. The potential source areas of PM2.5 in winter cover most of
the central part of the country. The potential source areas of PM10 in winter are mainly
distributed in Chongqing City, central and southern Hubei Province, and the junction of
Hubei Province, Hunan Province, and Chongqing City. The WPSCF value at the junction
of the three places is higher than 0.7; thus, the area makes a great contribution to pollution
in Xi’an City.

3.5. CWT Analyses

The results of the weighted trajectory analysis of PM2.5 and PM10 concentrations in
Xi’an City in spring and winter are shown in the Figure 7. WPSCF and WCWT analysis
results of PM2.5 and PM10 in Xi’an City have good consistency, but the ranges of potential
source areas are slightly different. In addition to WPSCF results, the potential source areas of
PM2.5 in spring are also distributed at the junction of Sichuan City and Gansu City, parts of
the western Henan Province, and central Inner Mongolia. In spring, the main contribution
source areas of PM10 are mainly distributed in the northwest of Xi’an City, including
northern Sichuan Province, northern Qinghai Province, and central Gansu Province.
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Figure 7. WCWT analysis results of particulate matter in Xi’an.

The distribution range of potential source areas of PM2.5 in winter in Xi’an City is the
largest. The figure shows that areas with a WCWT value above 90 cover many provinces
and cities, from eastern Sichuan Province to northern Hunan Province, all of Hubei Province
and Henan Province, central and southern Shaanxi Province and Shanxi Province, southern
Hebei Province, northeastern Qinghai Province, and southern Gansu Province. The areas
with WCWT value above 70 cover all the areas of Shaanxi Province, Gansu Province,
Ningxia Province, Shanxi Province, Hebei Province, and Shandong Province. The potential
source areas of PM10 in Xi’an City are mainly distributed in the south of Xi’an City. The
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areas with a WCWT value greater than 200 include southeastern Chongqing City and
central and western Hubei Province. The areas with WCWT value greater than 150 µm
in the south of Xi’an City are located in western Hubei Province, central and southern
Chongqing City, northwestern Sichuan Province, and some in the west of Xi’an City are
distributed in a long and narrow belt along southern Gansu Province and northwestern
Qinghai Province.

4. Conclusions

Based on the hourly observation data of PM2.5 and PM10 in Xi’an City from March 2019
to February 2022, this paper analyzed trajectories of air flow and the potential source areas
of particulate pollution through cluster analysis, PSCF, and CWT methods. The air quality
in Xi’an City is poor in the spring and winter. The ranking of air particulate pollution
in four seasons is winter > spring > autumn > summer. From 2019 to 2021, the average
concentrations of PM2.5 and PM10 are 48.5 ± 28.7 µg/m3 and 115.09 ± 39.2 µg/m3, which
exceeds the national secondary standards by 38.6% and 53.5%, respectively. Seasonal and
spatial changes are evident in the direction of air flow source in Xi’an City. In spring and
winter, the air flow mainly comes from the northwest, accounting for more than 50%. In
autumn, the air flow from the northwest and northeast accounts for over 30%. In summer,
the directions of air flow source are divergent, and the proportion of air flow in each
direction is average. Compared with other directions, the air flow from the northwest
moves faster and longer and passes through a wider range.

The potential source areas of particulate pollution in winter in Xi’an City are larger
than in the spring. The potential source areas of PM2.5 in winter are the largest, covering
eastern Sichuan Province, central and western Hubei Province, northern Hunan Province,
Shaanxi Province, and central and southern Shanxi Province. The potential source areas
of PM10 are small and mainly distributed in the southeast of Chongqing City and its
junction with Hubei Province. In spring, the potential source areas of particulate matter are
distributed around Xi’an City and neighboring provinces and cities. Chongqing City and
northern Hunan Province are the main potential source areas of PM2.5. The potential source
areas of PM10 are scattered in northern Gansu Province and northeastern Qinghai Province.

Xi’an City is located in the south of Guanzhong Basin. Guanzhong Basin, located in the
south of the Loess Plateau, is a basin plain that narrows and closes in the west and opens
to the east. The Qinling Mountains are located about 60 km south of Xi’an City, and the
ridge is 200 to 2800 m above sea level. Because of the topography, the diffusion conditions
in the Guanzhong area are relatively poor, and the polluted air flow from the northwest
or north is blocked by the Qinling Mountains. Meanwhile, the northwest airflow turns to
east wind after crossing the border [42–44]. A large number of loess-covered surfaces in the
Mu Us Sandland of northern Shaanxi Province, Tengger Desert and Badain Jaran Desert
in western Inner Mongolia, and Kumtag Desert in eastern Xinjiang all supply abundant
particulate matter to Xi’an City. Strong northwest and north winds blow out from the
northwest-southeast potential source areas of particulate matter.

The results of this paper can provide suggestions for atmospheric control in Xi’an City.
However, results are limited as the accuracy of trajectories with long movement distance
may be skewed and are only based on the monitoring data of Xi’an City. In a further study,
we will consider using monitoring data from more areas to improve the accuracy and
further verify the results through experimental analysis.
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