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ABSTRACT
The aim of the study is to identify long-range transport pathways that may have an important influence on PM10 levels
in plateau uplift area, namely Xining in northwestern China. Cluster analysis was applied to identify the main trajectory
groups in horizontal direction and 3D cluster analysis was employed to identify the origins and distributions of major
trajectory groups in vertical direction. Potential Source Contribution Function (PSCF) and Concentration-weighted
Trajectory (CWT) were applied to identify the major potential source areas (PSA). Based on the temporal and spatial
distribution of backward trajectories, four major trajectory pathways were clustered. The results indicated that Xining was
easily affected by inland trajectories in four seasons but there were obvious results that different trajectories have
dissimilar influences on the mean PM10 concentrations. In horizontal direction, the long-range transport pathways were
obvious in spring and winter while a few of long-range transport pathways could be found in summer and autumn.
Because wind mainly came from north or west in spring and winter and it was very strong, which had a big influence on
the transportation of transport pathways while wind in summer and autumn had a small impact on the transportation of
transport pathways. In vertical direction, in the 700 hPa barometric altitude (3000 m) above, air masses in winter and
spring with long transport pathways were the most important back-trajectories which had a great influence on Xining city.
In summer and autumn, Xining was mainly influenced by airflow distributed below 700 hPa barometric altitude. In spring
and winter, eastern Xinjiang, border areas between Gansu and Inner Mongolia and southern Tibet in China with the highest
Weight Potential Source Contribution Function (WPSCF) and Weight Concentration-weighted Trajectory (WCWT) values
were the dominant potential sources, which demonstrated the contribution from sources outside of Xining were significant.
In summer and autumn, WPSCF values outside of Xining were no more than 0.5 (most of them were less than 0.3) and
WCWT values were almost lower than 100 µg m–3 in those two seasons, which suggested that there were no main important
PSA in those two seasons. Furthermore, the study also revealed that Tibet in China was one of the potential sources of
PM10 in Xining.
Keywords: HYSPLIT; Cluster analysis; PSCF; CWT; PM10; Xining.

INTRODUCTION
PM10 is a measure of particles in the atmosphere with a
diameter of less than or equal to a nominal 10µm. The
guidelines of short-term (24-hour) mean value for PM10 (50
µg m–3) and long-term (annual mean) value for PM10 (20
µg m–3) is frequently exceeded in the urban environment
(WHO, 2005). Guidelines in China of the Class II category
of the National Ambient Air Quality (NAAQS) Standards
for short-term (24-hour) mean PM10 have a limiting value
of 150 µg m–3. Previous studies have revealed that the health
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risks associated with short-term exposure to PM10 were
likely to be different in cities in developed and developing
countries, producing an increase in mortality of about 0.5%
for each 10 µg m–3 increment in the daily concentrations
(Katsouyanni et al., 2001; HEI International Oversight
Committee, 2004). The long range transport of particulate
matter (PM) which could add to local emissions and the
contribution of pollutants particles, especially associations
between fine airborne PM exposure and adverse human health
(Alolayan et al., 2015; Hellack et al., 2015). It is therefore
important to determine long range transportation of particulate
matter and potential sources.
Mass concentrations of PM10 are affected by long-range
transport which could be transported to the downwind regions
especially areas characterized by low local emissions (Fu
et al., 2008; Karaca et al., 2009). Mineral aerosols from the
inner part of the Asian continent are transported to the North
Pacific and North America through westerlies (Liu et al.,
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1981; Uematsu et al., 1983; Husar et al., 2001). High mineral
dust concentrations have been observed frequently in spring
over Japan, a phenomenon called Asian dust (Kosa) (KOSA,
1991; Shinji Kanayama et al., 2002).
Models and observation studies on aerosol transport to
the Tibetan Plateau (TP) have been introduced in recent
years. Zhao et al. (2013) used receptor modeling, namely
positive matrix factorization (PMF 3.0, developed by the
USEPA), and found that long-range transport of mixed
aerosols from the Indo-Gangetic Plain along the valley of
the Yarlung Tsangpo River had a significant impact on TP.
Liu et al. (2015) combined the Spectral Radiation-Transport
Model for Aerosol Species (SPRINTARS) with a nonhydrostatic regional model (NHM) to investigate the transport
of summer dust and anthropogenic aerosols over the TP
and the result showed a spatial variation with heavily loaded
dust aerosols over the northern slope and anthropogenic
aerosols over the southern slope and to the east of the TP.
HYSPLIT was applied to the study mainly because it had
been widely used to identify air mass backward trajectories
and origins in given starting locations and it has shown a
superior potential (Shan et al., 2009; Masoumi et al., 2013;
Rolph et al., 2014; Su et al., 2015). Previous study indicated
that HYSPLIT have some inaccuracies and uncertainties in
the course of simulating the long range transport of aerosols
for the model was influenced by meteorological parameters
(wind speed and directions) and the vertical mixing
coefficients. However this model did a pretty job to identify
dispersion and transportation of pollutants (Alama et al.,
2011; Su et al., 2015). Some studies have been conducted to
explore PM sources and evolution of Lanzhou, Xi’an, Beijing
and areas in the Yangtze River Delta in China, northern
Australia and cities in Europe using HYSPLIT as the major
tool (Makra et al., 2011; Zhao et al., 2011; Eaglesa et al.,
2013; Liu et al., 2013; Cao et al., 2014; Wang et al., 2014).
Makra et al. (2013) confirmed that the long-range transport
pathways had a significant influence on PM10 concentrations
in two European cities using HYSPLIT model. Givehchi et
al. (2013) identified that the main source for higher PM10
levels in Tehran was middle eastern dust. But few studies
were focused on the third pole, TP in the past decades. With
global climate changes, studies on Tibetan Plateau are
becoming more and more popular in recent years. Wang et
al. (2015) used PSCF to study the transport of PAHs/PM over
the Himalaya Mountains and the locations of the important
source regions for PAHs/PM in the southeast TP and found
concentrations of particulate-PAHs/TSP showed a seasonal
variation with higher concentrations in winter-spring and
lower concentrations in summer. Xia et al. (2011) using
ground-based and satellite remote-sensing data together with
an extraordinary pollution episode with an aerosol optical
depth at 500 nm(s) to reveal the mechanism anthropogenic
activities dramatically perturb the background aerosol levels
and aerosol optical properties change in such case in TP.
Some studies used single backward trajectory to identify
the movements of an air parcel in horizontal direction but it
can not identify the origins and distributions of backward
trajectories in vertical direction. The use of single backtrajectories comprise great uncertainty. However, groups of
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back-trajectories involve a much more reliable decision on
the potential source areas (PSA) (Stohl, 1998; Makra et al.,
2011).
Xining, like most other northwestern cities in China, is
easily affected by dust storm each year. Inhabitants in Xining
were generally exposed to high levels of daily PM10
concentrations (Dou et al., 2012) due to the large number of
natural sources and the unique geographic characteristics of a
city which is located in a valley namely Huangshui in the edge
of TP. Xining was surrounded by a high altitude mountain
chain on its north and south boundaries, downstream of the
prevailing wind.
The main purpose of this study is to analyze the effects
of long-range transport pathways and potential sources of
PM10 in Xining. The objectives of the research include: (1)
to identify the major air masses transport pathways in
horizontal and vertical directions using cluster analysis; (2)
to stimulate the daily mean PM10 concentrations in PSA
and identify the main source areas using PSCF method and
CWT method and (3) to put forward suggestions to tackle
air pollution in region-wide and collaborative efforts in
Xining, China.
DATA AND METHODS
Study Location and Monitoring Data
The area of interest in this study is located in Xining
(101°77'E, 36°62'N, 2260 m above mean sea level) on the
northeastern part of the TP in northwest China (Fig. 1).
The land slopes downwards gradually from northwest to
southeast. The basin is the transition zone from the TP to
the Loess Plateau, which is confined by Qilian mountain to
the north, Laji mountain to the south, Riyueshan to the
west and a small uplifted block to the east. It is the capital
of Qinghai, China with a population about 2.21 million in
2014, which covers an area of 7649 km2 including 380 km2
of urban settlement and has four districts and three counties.
Typically, there are four distinct seasons in Xining with a long
winter and a relatively short spring and autumn. The mean
annual temperature and precipitation are 5–6°C and 350–500
mm, respectively. Precipitation occurs mainly in summer.
Daily mean PM10 concentrations for Xining during the
time period from January 1 to December 31, 2014 were
obtained from the National Urban Air Quality Real-time
Publishing Platform (available at http://aqistudy.sinaapp.com/).
The daily mean PM10 loading in Xining was the highest
(910.3 µg m–3) on May 9, 2014 and lowest (15.8 µg m–3)
on October 11, 2014 (Fig. 2). The daily mean value of PM10
concentrations for the ensemble average of the four seasons
is 118.16 µg m–3. The results close to the Class II category
of the NAAQS in China for PM10 with a limiting value of
150 µg m–3 but far exceed the Class I category of the NAAQS
for PM10 with a limiting value of 50 µgm–3.
Trajectory Data
In this study, 72-hour back-trajectories arriving at 500m
above ground level were calculated every 6h a day (04, 10,
16 and 22UTC) from January 1 to December 31, 2014,
using the Web version of the HYSPLIT_4 model and data
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Fig. 1. Topographic map of Xining, China.

Fig. 2. Daily mean PM10 concentrations in Xining, China, 2014.
from NCEP Reanalysis meteorological database (Draxler
and Rolph, 2014). Daily meteorological data were obtained
from global data assimilation system (GDAS) provided by
NECP and it could be downloaded from HYSPLIT website
(available at http://www.arl.noaa.gov/ready/hysplit4.html).
To represent a well-mixed convective boundary layer for
regional transport investigation (Su et al., 2015), the results
of our cluster analysis were discussed and presented only
for the lowest (h = 500 m) arrival height because backtrajectories at this arrival height have been identified to
have the largest influence on the PM concentrations of the
target site (McGowan et al., 2008; Hsu et al., 2003a). This
height was approximately the height of the mixing layer
and has been found to be a generally useful height (Gao et
al., 1993).

main disadvantage is that if two back-trajectories have the
same motion path but different speeds, they would be divided
into two different categories. To determine the direction from
which the air masses reach the site, this study used angle
distance, which was defined using the law of cosines
(Sirois and Bottenheim, 1995).

Trajectory Clustering
Cluster analysis, a multivariate statistical analysis
technique, was used as an exploratory tool to divide the
trajectory data into distinct transport groups or clusters.
TrajStat software has two clustering methods that are
Angle distance and Euclidean distance. Euclidean distance
is often used to define the latitude and longitude position as
variables of the distance between two trajectories. While its
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where d12 is the mean angle between the two backward
trajectories, as seen from the trajectory origin point and the
variables X0 and Y0 define as the position of the receptor
site (backward trajectory origin point). X1 (Y1) and X2 (Y2)
reference backward trajectories 1 and 2, respectively.
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PSCF Method
PSCF is a calculation to identify the source areas by
analyzing trajectory transport pathways (Zeng and Hopke,
1989; Wang et al., 2006; Liu et al., 2013). To analyze
possible long-range sources contributing to mean daily PM10
concentrations observed in Xining’s atmosphere, a single
grid cell was calculated by counting each trajectory segment
endpoints that terminated within that grid cell. The number
of endpoints that fall in ijth cell at a time was marked as xij.
While the total number of endpoints that fall in the same
grid cell was denoted as yij. So the PSCF can be defined as
PSCFij = xij/yij

(5)

The PSCF grid covers the study area between the
longitudes about 80°–110°E and the latitudes 30°–50°N.
Using this method, the study can simulate the PSA that may
have an influence on PM10 levels in study area. In PSCF
analysis, small values of yij can produce high PSCF values
with high uncertainties especially when the number of
trajectory pathway or endpoints fall in a grid cell has a short
residence time. In order to minimize this artifact, an empirical
weight function Wij originally proposed by Zeng and Hopke
(1989) was applied when the number of the endpoints in a
particular cell was less than about three times the average
values of the endpoints per cell (Wang et al., 2006; Xu et
al., 2010). That is, WPSCF = Wij × PSCF. So this study
defines Wij as flows by referencing previous work:
1.00 40  yij
0.70 10  yij  40

Wij  
0.42 5  yij  10
0.17 yij  5

(6)

CWT Method
A limitation of the PSCF method is that grid cells could
have the same PSCF value when sample concentrations
were either only slightly higher or much higher than the
criterion. As a result, it could be difficult to distinguish
moderate sources from strong ones. To identify the sources
in each grid, our study applied concentration-weighted
trajectory method (CWT). CWT was a way to calculate the
concentration weight (Hsu et al., 2003; Wang et al., 2006,
2009; Liu et al., 2013). Using this method, the study can
evaluate the value of concentrations weight of PSA which
had an effect on the concentrations of PM10 levels at Xining.
To minimize the inaccuracy caused by the small number of
polluted trajectories, arbitrary weight functions are needed
to reduce uncertainty and an empirical weight functions Wij
in PSCF also can be used in CWT method. The WCWT
was defined as WCWT = Wij × Cij. That is,
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where Cij is the average weighted concentration in the ijth
cell, k is the index of the trajectory, M is the total number
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of trajectories, Ck is the concentrations observed on arrival
of trajectory k and τijk is the time spent in the ijth cell by
trajectory k. A high value for Cij implies that air parcels
traveling over the ijth cell would be, on average, associated
with high concentrations at the receptor.
RESULTS AND DISCUSSIONS
Transport Pathways
Long-distance transport pathways of PM10 mainly depend
on the advection movement in atmosphere (Jing et al.,
2008). The dust was transported to downstream areas along
airflow that lead to dust-storm weather (Wang et al., 2008).
Four main trajectory clusters were divided according to the
coherence of the characteristics of spatial distribution of
each trajectory using HYSPLIT model. Cluster-mean backtrajectories results for Xining, 2014 were shown in Fig. 3.
The number of trajectories assigned to each cluster and daily
mean PM10 concentrations for each cluster were presented in
Table 1. The percentage of polluted trajectories denotes the
ratio between the number of polluted trajectories (trajectories
cohering with PM10 of higher than or equal to the Class II
category of the NAAQS (China) for PM10 with a limiting
value of 150 µg m–3) and the number of all trajectories.
It was found that air masses 1, accounting for about
43.5% of all trajectories started from southeastern Xinjiang
province and went through the desert in border areas between
Xinjiang and Qinghai province and finally reached Xining in
spring. Influenced by northeast airflow in northern Asia, air
masses 2, accounting for about 26.4%, made an elliptical
movement and passed through cities which were regarded as
industrially developed regions of Gansu province and finally
moved toward to Xining. The value of daily mean PM10
concentrations and polluted trajectories cohering with those
two clusters were the highest among the four clusters, 159.5
and 161.4 µg m–3, 12.9% and 7.9%, respectively. Compared
with air masses 1, 2 and 4, air masses associated with cluster 3
were less important trajectories. Among those four clusters,
clusters 1, 2 and 4 could be regarded as the major polluted
trajectories contributing to PM10 at Xining and their daily
mean PM10 concentrations even far exceeded the Class II
category of the NAAQS in China (150 µg m–3). In summer,
trajectories from inland had a small impact on daily mean
PM10 levels in Xining. The values of PM10 concentrations
in Xining linked to the four clusters were very small, and the
highest mean PM10 concentrations was only 90.9 µg m–3. In
autumn, the air masses associated with Cluster 1, accounting
for about 59.3%, passed through Taklimakan desert in Tarim
basin, Xinjiang Province, then through the southwestern
desert in Qaidam basin, Qinghai province and finally
toward to Xining, which could be considered as major
pollutant trajectories. The air masses associated with Cluster
4, accounting for about 8.7%, had the highest mean PM10
concentrations (108.9 µg m–3). The air masses associated
with Cluster 2 and 3 were considered less important as
pathways for pollutants mainly from northeastern Qinghai
province and Hexi Corridor, Gansu province onward to
Xining. In winter, air masses associated with cluster 3 and
4, accounting for about 83.9% of all trajectories, could be
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Fig. 3. Cluster-mean back trajectories results for Xining, 2014 using a final cluster number of 4.
Table 1. Percentage of Trajectory Number and Mean PM10 Concentrations of Each Cluster in Xining, 2014.
Clusters
1
2
3
4

Percentage of
All Trajectories
Spring summer autumn winter
43.5
30.5
59.3
8.4
26.4
30.8
7.1
7.7
13.7
14.0
24.8
66.5
16.3
24.7
8.7
17.4

Percentage of
Polluted Trajectories
Spring summer autumn winter
12.9
0
1
1.7
7.9
0
0
3.3
2.9
1
0
19.3
4.5
0
1
4.7

considered as the main air masses which may have a
significant influence on daily PM10 concentrations in Xining.
Cluster 3 and 4, meanwhile, with the greatest number of total
trajectories and polluted trajectories were the most important
clusters. But air masses associated with Cluster 2 were
considered as important pathways with the highest daily
PM10 concentrations (146.3 µg m–3). In addition, there was
a few back-trajectories that can not be divided into any
categories which had been classified. So the sum values of
percentage of polluted trajectories are less than 1.
Generally speaking, Xining is easily affected by inland
trajectories from west and north in the four seasons but
there were obvious results that different trajectories have
dissimilar influences on the mean PM10 concentrations. In
spring and winter, airflow from inland is the most
important transport pathway with the greatest number of
polluted trajectories and the highest value of mean PM10
concentrations. In summer and autumn, the air is so clear
that these seasons have less important pathways for pollutants
and the mean PM10 concentrations at Xining was very low

Mean PM10 Concentrations
of All Trajectories (µg m–3)
Spring summer autumn winter
159.5
90.9
96.9
133.5
161.4
75.2
61.8
146.3
148.3
86.3
93.2
139.6
155.8
76.6
108.9 138.0

in this period of the year. It can be concluded from Fig. 3,
trajectory pathways in each season passed through the dust
source areas. Dust from Taklimakan desert in Tarim basin,
Kumtag desert in eastern Xinjiang, parts of Qaidam basin
and Hexi Corridor in Gansu province were the main PSA.
3D Clusters of Backward Trajectories
Single backward trajectory can identify the movements
of an air parcel in horizontal direction but it can not identify
the sources and distributions of backward trajectory in vertical
direction. To get a comprehensive scientific analysis of the
characteristics of backward trajectory arriving in Xining, it
is essential to further study the distributions of backward
trajectory in vertical direction. As it showed in map (Fig. 4),
there were obvious differences on distributions of backward
trajectory arriving in Xining in vertical direction using 3D
backward trajectory analysis.
In spring, there was a significant difference of airflow
path in vertical direction. In 700 hPa barometric altitude
(3000 m) above, air masses associated with clusters 2 (550
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Fig. 4. 3D view of the backward trajectories from Xining, 2014.
hPa) and 3 (690 hPa), with corresponding height of about
5000 m and 3050 m, respectively, were the most important
back-trajectories which had a big influence on Xining city.
Those clusters had a long transport pathways and passed
through the vast inland areas. Blocked by high mountains,
those clusters made an arc movement. Those air masses
came from the inland northwest passing through Taklamakan
desert in Xinjiang and brought desert dust to Xining. In
700 hPa height below, airflow trajectory mainly came from
the south and arrived in Xining city. Clusters 1 (750 hPa)
and 4 (800 hPa) were corresponding to the height of about
2500 m and 2000 m, respectively. Affected by terrain, cluster
4 passed through industrially developed areas in Lanzhou
and carried pollutants to Xining, thus which increased the
pollution of Xining city. Cluster 1 mainly passed through
the low land areas toward the west upon Xining. In summer,
air masses associated with cluster 1 were the most important
back-trajectories below 700 hPa barometric altitude. They
created an arc movement for these air masses from the
northwest inland and they were under the influence of
western wind. Blocked by high mountains, those airflow
made an arc movement after lifting, carrying dust (natural)
along the way to Xining. Cluster 3 and 4 could be regarded
as the major polluted trajectories contributing to PM10 at
Xining below 700 hPa height, and the average barometric
altitude is about 800h Pa and 850 hPa with corresponding
height of about 2500 m and 1500 m, respectively. Those
clusters passed through industrially developed areas in
Lanzhou, affected by terrain, climbing along the plateau
uplift and carrying anthropogenic contaminants to Xining.
In autumn, the air masses associated with clusters 3 (650

hPa) and 4 (600 hPa) corresponding to the height of about
4000 m and 4500 m, respectively, passed through Taklimakan
desert in Tarim basin, Xinjiang province, then through the
southwestern desert in Qaidam basin, Qinghai province.
Blocked by high mountains, those two air masses made an
arc movement after lifting and carried dust (natural) along
the way to Xining. Cluster 1 and 2, below 700 hPa height
with corresponding to the height of about 2000 m, were
considered as less important pathways because pollutants
are mainly from Northeastern Qinghai province and Hexi
Corridor, Gansu province onward to Xining. In winter, air
masses associated with clusters 3 and 4 were considered as the
most important back-trajectories below 700 hPa barometric
altitude. The trajectory of the barometric altitude on average is
about 650 hPa (4000 m). Those clusters had long transport
pathways and passed through the vast inland areas. Blocked
by high mountains, airflow made an arc movement after
lifting, carrying dust to Xining city. Compared with cluster
3 and 4, cluster 1 and 2 could be regarded as less important
trajectories. Influenced by terrain, those two trajectories
carrying anthropogenic contaminants passed through
industrially developed areas in Lanzhou and climbed the
plateau uplift toward to Xining.
Overall, in winter and spring, Xining was mainly
influenced by airflow in 700 hPa barometric altitude above,
which had long transport pathways passing through the
vast inland areas. What’s more, air masses came from
eastern Xinjiang, border areas between Gansu and Inner
Mongolia and northern Tibet in China. In summer and
autumn, Xining was mainly influenced by airflow which
was distributed below 700 hPa barometric altitude. Those
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airflow had short transport pathways passing through the
anthropogenic pollutants areas such as Hexi Corridor and
Lanzhou, Gansu province.

than 0.3, which indicated that there were no important PSA
in those two seasons. Tibet in China was one of the potential
sources of PM10 in Xining especially in spring and winter.

PSCF Analyses
Cluster analysis provide a useful tool for studying
transport pathways of pollutants and identifying the potential
transport source areas to Xining. But it has some parameters
which were regarded as subjective such as the selections of
the clustering algorithm, number of clusters and the distance
definition (Wang, 2009). What’s more, it can not stimulate
the values of daily PM10 levels caused by PSA. To get a
better understanding of long-range transport that may have
an important influence on PM10 levels in Xining and to find
PSA, further study was needed to analyze the potential
sources by using PSCF and CWT methods.
Fig. 5 showed the map for Xining PM10 in spring, summer,
autumn and winter, 2014 using PSCF method. The colors
represent the contribution levels of PSA and the red color
could be associated with high concentrations while the blue
color represents low PM10 concentrations. The map showing
the results of the PSCF analysis (Fig. 5), and it could be
seen that high WPSCF values were found in Mongolia, desert
and semi-desert in border areas between Mongolia and Inner
Mongolia, desert and semi-desert regions in Turpan basin,
Xinjiang province, Tibetan plateau, Ningxia and Qaidam
basin, Qinghai province. Therefore those places could be
considered as the main PSA in spring and winter. In summer
and autumn, the highest WPSCF values outside of Xining
were almost no more than 0.5 and most of them were less

CWT Analyses
The results for PM10 concentrations identified by CWT
method in Fig. 6 were very similar to the results analyzed by
PSCF method. The regions with red color, were corresponded
to the main contribution sources associated with the highest
PM10 values (far exceeding 150 µg m–3). In spring, the highest
WCWT values covering the map were distributed in
Taklimakan desert in Tarim basin, Xinjiang province, Inner
Mongolia and central Mongolia. Those areas were the main
contribution sources associated with the highest PM10
concentrations of 300 µg m–3 and parts of Mongolia were
even higher than 600 µg m–3, which demonstrated that the
contribution from long-range transport and sources outside
of Xining were significant. Thus, those places had an
important influence on PM10 levels in Xining. In summer and
autumn, the highest WCWT values outside of Xining were no
more than 150 µg m–3, and most of them ranged from 20 to 80
µg m–3, which suggested that there were no main important
PSA in those two seasons. In winter, the high WCWT values
were mainly located in Taklimakan desert in Tarim basin and
Kumtag desert, Xinjiang province, Qaidam basin, Qinghai
province and parts of Inner Mongolia with the high WCWT
values were about 150–200 µg m–3. Furthermore, contribution
from Tibet and Ningxia in four seasons could not be
ignored for the region was one of the potential sources of
PM10 in Xining.

Fig. 5. WPSCF map for Xining PM10 in spring, summer, autumn and winter, 2014.
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Fig. 6. WCWT map for Xining PM10 in spring, summer, autumn and winter, 2014.
There were some uncertainties in the course of using
CWT method when the number of trajectory pathways or
endpoints fall in a grid cell with short residence time.
However, potential areas identified by CWT method have a
good coherence with the results determined by using PSCF
method. Besides, it would be interesting to associate elemental
composition of the measured samples in Xinjiang with
those measured in the TaklaMakan Desert (Makra et al.,
2002) or possibly from the Lop Desert.
Results of the two methods to identify PSA were not the
same. Compared with PSCF, PSA identified by CWT
method were more detailed and the contribution of different
areas is more easily identified. In winter and spring, CWT
method can identify not only the strong PSA with daily
mean PM10 concentrations in more than 200 µg m–3 in
Xining city, but also the moderate potential source areas
with daily mean PM10 concentrations in 150–200 µg m–3
which is mainly distributed in the surrounding areas of
strong potential areas. Compared with PSCF method, PSA
identified by CWT method were broader especially in the
summer and autumn. And in this season, the PSA obtained
by using PSCF method were mainly distributed in Xinjiang,
Inner Mongolia and Gansu in China, where the range is
relatively small and dispersed. However, PSA identified by
CWT method include not only those results obtained by PSCF
method but also some other areas such as parts of Tibet and
Ningxia in China. What’s more, those areas were not only
wide but also concentrated on spatial distribution. So CWT
method is more efficient and comprehensive to identify
potential source areas than PSCF method.

CONCLUSIONS
To identify the dominant transport pathways at a receptor
site, cluster analysis was applied to study backward
trajectories arriving at Xining. PSCF and CWT methods
were employed to determine the PSA. PSCF method mainly
focused on sources identification by using backward
trajectory to calculate and describe possible source locations.
Compared with PSCF, CWT method could distinguish
source strength more easily by assigning the concentrations
values at the receptor site to their corresponding trajectories.
Four major trajectory pathways in horizontal direction
were identified by using trajectory cluster analysis. The
trajectory pathways were obvious in spring and winter
while a few of trajectory pathways could be found in summer
and autumn. Because wind mainly came from north or
west in spring and winter and it was very strong, which had
a big influence on the transportation of trajectory pathways
while wind in summer and autumn had a small impact on
the transportation of trajectory pathways. Spring and winter
with the greatest number of polluted trajectories, thus had
the highest value of mean PM10 concentrations. Compared
with spring and winter, daily mean PM10 concentrations in
Xining influenced by trajectory in summer and autumn was
less important, thus the value of mean PM10 concentrations
was very low due to the clear air masses. There were obvious
differences on distributions of backward trajectories arriving
in Xining in vertical direction using 3D backward trajectory
analysis. Back trajectories, below 700 hPa atmosphere level,
with long transport pathways which were considered as the
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most important back trajectories. But back trajectories, above
700 hPa atmosphere level, have short transport pathways
which might have an important influence on Xining.
PSCF and CWT methods were applied to identify the
PM10 levels and PSA. In spring and winter, eastern Xinjiang,
border areas between Xinjiang and Mongolia and southern
Tibet in China, with the highest WPSCF values and
WCWT values were the dominant potential sources, which
demonstrated the contribution from sources outside of
Xining were significant. In summer and autumn, WPSCF
values outside of Xining were no more than 0.5 and most
of them were less than 0.3 and WCWT values were almost
lower than 150 µg m–3 in those two seasons, which suggested
that there were no main important PSA in those two seasons.
Furthermore, the study also revealed that Tibet and Ningxia
in China were the potential sources of PM10 in Xining.
Compared with PSCF method, CWT showed a superior
potential and it is more efficient and comprehensive to
identify PSA.
Through this research, we found that there was a seasonal
variations of transport pathways. Spring and winter with the
greatest number of polluted trajectories, thus had the
highest value of daily mean PM10 concentrations. However,
in summer and autumn there was no polluted trajectories,
thus the value of daily mean PM10 concentrations was very
low. What’s more, we innovatively used 3D backward
trajectory analysis and found backward trajectories which
might have an important influence on Xining were most
distributed below 700 hPa atmosphere level in spring and
winter and above 700 hPa atmosphere level in summer and
autumn, respectively. Our findings revealed that there was a
seasonal and spatial variations of airflow in vertical direction
in Xining. Using PSCF and CWT methods, we identified
the most important PSA and found daily mean concentrations
of PM10 showed a seasonal variation with higher
concentrations in winter-spring and lower concentrations in
summer-autumn. In future study, we will carry out researches
for distribution of PSA and air transportation pathways which
have lasted for many years combining with an extraordinary
case. Our study will improve the accuracy and scientificity
of the models we used.
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