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ABSTRACT
With rapid economic development in China, the concentration of particulate matters emitted into the atmosphere has
become increasingly higher. As an important city in the Yangtze River delta, Nanjing City in China has a high PM2.5
concentration level, due partly to the long-range transport of PM2.5 from elsewhere. It is important to study the transport
pathways and PM2.5 source areas as the results can serve as scientific evidence for prevention of regional air pollution. In
this study, we analyzed the 2013–2016 PM2.5 concentration data at Xianlin in Nanjing City, China. After being clustered to
determine the transport pathways, backward trajectory data underwent potential source contribution function (PSCF) and
trajectory sector analysis so as to identify potential PM2.5 source areas. A new index called pollution source strength was
proposed to indicate the level of pollution in an administrative region. Our results indicate that the concentration of PM2.5
at Xianlin in the city and externally sourced PM2.5 are high in winter, but much lower in summer. The external source areas
also show some spatiotemporal regularities. External PM2.5 source areas lie chiefly to the south and southwest of Xianlin,
Nanjing City in spring, but mostly to the southeast in summer, to the southeast and northwest in autumn, and to the
northwest and northeast with a broader distribution in winter.
Keywords: PM2.5; Distance transport; Backward trajectory; PSCF; Trajectory sector analysis.

INTRODUCTION
Aerosols are liquid or solid particles with a diameter
0.001–100 µm that are suspended in the atmosphere for an
extended period (Felix et al., 2005; Tang et al., 2006).
They can exert an important effect on human health, the
environment, and climate (Pöschl, 2005). Of these particles,
those with an aerodynamic equivalent diameter ≤ 2.5 µm
have a larger surface area than those coarser particles (Turpin
and Lim, 2001). As such, they are able to carry more toxic
materials into thin bronchioles and the alveolus (Huang et
al., 2004; Oh et al., 2011; Dergham et al., 2012), and hence
more harmful to human health (Kappos et al., 2004).
With rapid urbanization and development in industry
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and transport in China, the particles concentration in the
atmosphere is becoming increasingly higher while regional
air quality is continuously worsening. Haze has become a
common phenomenon in most cities while the number of
hazy days has prolonged sharply (He et al., 2002; Fang et
al., 2009). The four regions most affected by haze is the
Yangtze River delta, the Pearl River delta, the Yellow-HuaiHai River region, and the Sichuan basin (Chang et al.,
2009; Liu et al., 2013). In essence, the hazy weather is a kind
of air pollution due to excessive PM2.5 in the atmosphere
(Brook et al., 2004). Air pollution, especially that caused
by PM2.5, has grave implications for human health in general,
and respiratory diseases in particular. How to bring regional
haze under control has become one of the most important
and difficult tasks that require an urgent solution in China
at present (Cheng et al., 2011).
The improvement of regional haze pollution and visibility
in China requires effective control and treatment of highly
concentrated PM2.5. The aerosol level in a region is not
only confined to locally emitted particles but also closely
linked to the emission in adjoining areas (Liu et al., 2015).
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Both atmospheric dispersion and transport are important
processes critically influencing aerosol re-distribution. The
chief methods of analyzing the contribution of externally
sourced aerosols to overall aerosols are backward trajectory
analysis, element tracer method, enrichment coefficient, and
chemical mass balance (Temesi et al., 2001; Workman and
Hart, 2005; Keeler et al., 2006). Of these methods, backward
trajectory analysis is able to effectively determine the
sources of pollutants and their transport pathways. Thus, it
is the most commonly used in studying regional air pollution
(Davidson et al., 1993; Allen et al., 1999; Guo et al., 2004;
Abdalmogith and Harrison, 2005).
The spatiotemporal distribution of aerosols in the
atmosphere is closely associated with the trajectory of
aerosol transport (Balasubramanian et al., 2003; Koçak et
al., 2007). The trajectory of air masses can be used to describe
the incoming and outgoing directions of atmospheric particle
motion, and facilitate the analysis of aerosol transport
pathway in the atmosphere, and their origin and destination
(Wang et al., 2015a; Wang et al., 2015b). Therefore, the
study of aerosol transport pathway in a region using backward
trajectory analysis is significant in understanding the sources
of aerosols in this region. Although researchers have studied
temporal and spatial variations of aerosol sources extensively
already, nobody has attempted to differentiate locally and
externally sourced pollutants, especially the sources by
administrative regions, which is particularly important to
tackle pollution and to bring it under control. This study
aims to overcome this deficiency.
The Chinese city of Nanjing has been selected for this
study in which the PM2.5 concentration level data were in
situ collected during 2013–2016. Clustering analysis of
backward trajectory was used to identify the major routes
of PM2.5 transport while potential source contribution function
(PSCF) and trajectory sector analysis were undertaken to
determine potential external source areas. A new index called
pollution source strength was proposed to indicate the level
of pollution in an administrative region. This study sheds
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on the transport processes involved on pollutants dispersion
and their potential source areas. Such information can serve as
scientific evidence in regional air pollution prevention and
treatment.
STUDY AREA
Nanjing is the capital of Jiangsu Province located in the
lower reach of the Yangtze River and the Yangtze River
delta near the East China Sea. It has a northern sub-tropical
monsoon climate with distinctive seasonality (Fig. 1).
Nanjing is an important industrial city and economic center
in the delta. It is also a pivotal city in the Shanghai-NanjingHangzhou core economic zone with a strategic geographic
position. As a result of rapid economic development, the
concentration of near-surface particles, smog, and other
pollutants in the atmosphere has risen considerably over
recent decades. Under certain climate settings, haze, and other
hazardous weather conditions have become rather frequent,
affecting economic productivity and people’s life and health.
DATA AND METHODS
PM2.5 and MODIS Data
PM2.5 data at the Xianlin station (118.913°E, 32.103°N)
used in this study are supplied by the Nanjing Environmental
Monitoring Center. They are collected by a monitor deployed
on the 5th floor of a teaching building on the Nanjing
Normal University (Xianlin) campus. The real-time pollutant
monitoring data are logged hourly. The data recorded include
PM10, PM2.5 mass concentration, as well as temperature, wind
speed, relative humidity, and air pressure. The PM2.5 data
collected during 2013-2016 were analyzed in this study. In
order to be compatible with the subsequent processing, the
hourly PM2.5 data were averaged from six consecutive hours
(e.g., the 06:00 observation is derived from averaging the
observations from 03:00 to 09:00), resulting in four readings
at 00:00, 06:00, 12:00, and 18:00 (UTC time) each day.

Fig. 1. Location of the study area in China.

Cheng et al., Aerosol and Air Quality Research, 17: 1672–1683, 2017

1674

The Xianlin station is situated in an area known as
university town without any industrial polluters in its
immediate vicinity. Its air quality is frequently rated very
good. Therefore, the mean seasonal PM2.5 with a value < 35
µg m–3 (the threshold for the “excellent” grade of air quality in
China) observed under wind velocity < 1 m s–1 was treated
as the amount of local emission of respective seasons. It
was 21.46, 19.54, 23.49, and 24.66 µg m–3, respectively, in
spring, summer, autumn and winter. The corresponding
seasonal amount of local emission was subtracted from the
PM2.5 measured at the Xianlin station before the evaluation
of external PM2.5 concentration.
This study also makes use of the monthly aerosol optical
depth (AOD) and fine mode fraction (FMF) product data
derived from Terra MODIS. This product data can be
downloaded from http://modis.gsfc.nasa.gov/ for free. It
has a spatial resolution of 1° by 1°. The monthly AOD and
FMF product data is derived from the daily MODIS aerosol
product from dark target approach. The monthly AOD and
FMF product data was used to derive seasonal MODIS
AOD and FMF.
Methods
Backward Trajectory Analysis
The backward trajectory was analyzed using the TrajStat
package (Wang et al., 2009). The calculation of air mass
trajectory makes use of the NOAA HYSPLIT module that
integrates the mixed Lagrange and Euler diffusion models.
It has been commonly used to trace particles carried in
airstreams, determine gas motion direction, and analyze the
sources of pollutants and their transport pathways. Trajectory
analysis also involved the use of the global re-analyzed
data jointly released by the (U.S.) National Centers for
Environmental Prediction and the National Atmospheric
Research Center. The daily 72-hour backward trajectory
was analyzed from 00:00, 06:00, 12:00, and 18:00 (UTC
time), respectively, over the study period of 2013–2016.
The arrival point of trajectories was set at (118.913°E,
32.103°N) at a height of 200 m above the ground (Zhu et
al., 2011; Wang et al., 2015a). These settings are justified
on the ground that regional transport usually takes place
within the boundary layer and that atmospheric particles
are confined roughly within 200 m above the ground (Wu
et al., 2014). Under special meteorological conditions, a
wide range of changes takes place within this zone. Thus,
the simulation height is set at 200 m initially. Trajectory
analysis resulted in 5,769 paths in the end.
Clustering Analysis
Clustering analysis of backward trajectories relies on
Euclidean distance (Eq. (1)). The Euclidean distance between
two paths is defined as:
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where 1 and 2 represent backward trajectories 1 and 2
respectively; i stands for the temporal duration of the

corresponding backward trajectory, n is the total time of
backward trajectories. If the distance between two trajectories
is the smallest, then they are merged. After the first round of
clustering, there are n-1 trajectories left. This process is then
reiterated until all n trajectories are assigned to one cluster.
Analysis of Potential Source Contribution Function
(PSCF)
Potential source contribution function (PSCF) analysis is a
method of judging the potential direction of pollution sources
developed from conditional probability functions. It yields
the possible position of emission sources through joint
consideration of air mass trajectories and PM2.5 concentration
level. PSCF functions are defined as the conditional
probability of air masses, when passing through a given
region, reaching the observation point when an element of
interest exceeds the pre-set threshold. PSCF is calculated
using Eq. (2) (Wang et al., 2015a).
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Its implementation requires the study area to be partitioned
into 0.1° × 0.1° grid cells. A threshold is set for the
pollutant of interest. When the element of the corresponding
trajectory exceeds this threshold, this trajectory is deemed
a pollution path. nij represents the total number of end
points of all trajectories falling within a grid (i, j) (i and j
are latitude and longitude); mij stands for the number of
end points of a pollution trajectory traversing grid (i, j).
Since PSCF is a kind of conditional probability, its error
increases with a rise in the distance between a grid and the
sampling point. When nij is relatively small, uncertainty
can be quite high. In order to minimize such uncertainty,
many researchers have introduced a weight function W(nij)
(Eq. (3)) (Polissar et al., 2001; Karaca et al., 2009). Its use
can effectively reduce the effect of small values of nij on
the potential source contribution calculation. According to
this weighting, a larger PSCF value suggests a higher
probability of the grid in question contributing to particle
concentration at the observation point.
In order to analyze the exact distribution of potential
sources more intuitively, we proposed a new index called
pollution source strength ρ (Eq. (4)) to indicate the level of
pollution in a region.


=
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1
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In which PSCFij is the value of individual pixels after
potential source analysis; n refers to the number of pixels
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in a region, and marea represents the area of the region. ρ in
this study is derived from the sum of all pixels within a
municipal-level administration region after potential source
analysis, divided by its area. The obtained results are used
to analyze the exact PM2.5 sources.
Analysis of Trajectory Sectors
The study area is partitioned into 12 30°-sectors, centered
at the Xianlin station in Nanjing clockwise from due north.
The trajectories of air masses reaching the Xianlin station
in Nanjing are assigned to one of them based on the
calculated trajectory results. Since the PM2.5 concentration
level has been aggregated to 6-hour intervals, each day there
are four 72-hour backward trajectories, each comprising 72
points. It is assumed that each point in the trajectory makes
an equal contribution to pollutant concentration. Thus,
PM2.5 in a given sector can be calculated using Eq. (5)
Cj 



N
i 1

Ci  f ij

Nj

(5)

In which Ci stands for the concentration level of pollutants
of trajectory i; Nj represents the total time taken for all
trajectory to cross a sector, fij refers to the time taken by a
trajectory to cross sectors; Cj refers to the mean concentration
of a sector(Wang et al., 2015a).
ANALYSIS OF RESULTS
Variation Characteristics of PM2.5 Concentration
There was a rather high concentration level of aerosols
at the Xianlin station in Nanjing during 2013–2016. The
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annual PM2.5 mean concentration was of 72.89, 71.25, 52.67
and 44.84 µg m–3 in 2013, 2014, 2015 and 2016, respectively.
These levels are higher than the National Grade II standard
of annual mean of 35 µg m–3 (the same as the WHO
standard of phase 1 of the transitional period). Seasonally,
PM2.5 has the highest concentration (112.77 µg m–3) in
winter (December–February), much higher than 65.38 µg m–3
in spring (March–May), 53.25 µg m–3 in summer (June–
August), and 70.99 µg m–3 in autumn (August–October).
Thus, summer has the lowest level. Monthly, both January
and December have a rather high level of concentration
(Fig. 2). In particular, January has the highest mean
concentration (107.72 µg m–3). The mean concentration level
in December was as high as 92.55 µg m–3. July, August, and
September are the three months with the lowest PM2.5 level
that is close to or lower than the National Grade II standard.
PM2.5 Transport Pathways
Clustering analysis of the 5,769 backward trajectories
resulted in nine clusters in the end (Fig. 3). They fall into five
groups in terms of cluster bearing (Table 1): northwestern
group CNW of clusters 1 and 2, northern-northeastern group
CN-NW of clusters 5 and 6, eastern group CE (clusters 4
and 8), southeastern group CSE (clusters 3 and 9), and
southwestern group CSW (cluster 7). In the CNW group
cluster1 (C1) comprises chiefly long- and middle-distance
air masses originating from the north of the middle and
lower reaches of the Yangtze River, and the central and
eastern areas of North China, as well as long-distance air
masses originating from Gansu and western Inner Mongolia.
Cluster 2 (C2) consists of long-distance air masses originating
from Siberia that passes through Mongolia and northwestern
China. In the CN-NW group, cluster 5 (C5) is mainly a

Fig. 2. Distribution of mean monthly PM2.5 level and its standard deviation of Xianlin in Nanjing during 2013–2016.
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long air mass trajectory that reaches Nanjing from central
Siberia via eastern Mongolia and northern China. Cluster 6
(C6) is a short-distance air mass originating from eastern
Inner Mongolia and passing through northern Jiangsu
Province to reach Nanjing via Liaoning Province, the Bohai

Sea, the eastern Shandong Peninsula, and the East China
Sea. In the CE group, cluster 4 (C4) is made up mostly of
relatively short-distance air masses arising from the Yellow
Sea that reaches Nanjing after passing through Jiangsu.
Cluster8 (C8) comprises relatively longish-distance air masses

Fig. 3. Distribution of clustered trajectories. C1, C2,…, C9 represent the major pathways after clustering. (a) signifies the
entire trajectories of C1; (b) signifies the entire trajectories of C2, …, (i) signifies the entire trajectories of C9.
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Fig. 3. (continued).
originating from East Japan to reach Nanjing via the East
China Sea and the Yangtze River delta. In the CSE group
cluster3 (C3) is made up of mostly short-distance air masses
from the south of the lower reach of the Yangtze River and
northern Fujian Province. Cluster 9 (C9) comprises chiefly
longish-distance air masses originating from the East China
Sea to reach Nanjing via the Yangtze River delta. The
CNW group encompasses only cluster 7 (C7). This is a
relatively long air mass originating from the South China
Sea to reach Nanjing via South China.
All clustering results of backward trajectories were
statistically analyzed by season (Table 1). It is found that
all nine clusters have the highest concentration in winter,
higher than in other seasons while the concentration is the
lowest in summer. Since different cluster groups have a
varying number of trajectories, the use of mean PM2.5 of a
given cluster to assess its importance can be misleading. This
problem was circumvented by weighting the concentration,
with the weight being the proportion of trajectories in one
cluster to the total number of trajectories. The weighted
concentration level is able to indicate the quantity of
transmitted aerosols along a given route more reliably. Of
all the clusters, C7 from Southwest China makes little

contribution to aerosols in Nanjing year round and is thus
excluded from further analysis. According to the weighted
concentration level, the most important transport pathways
in spring are C1, C5, and C3. C1 originates from northern
Anhui Province, western Zhengzhou, western Shandong,
and northern Jiangsu provinces. C5 includes chiefly BeijingTianjin-Hebei, Liaoning, and eastern Shandong Peninsula.
C3 shows that the source region is mostly the Yangtze River
delta. In summer, the most important transport pathways of
PM2.5 are C3, C4, and C9. As in spring, C3 is still a major
PM2.5 transport pathway. In addition, there are two more
major transport pathways of C4 in the east and C9 in the
southeast direction. In autumn, the major transport pathways
are C5, C1, and C3, identical to those in spring. The main
difference is that C5 exerts a much more profound influence.
In winter, there is one more transport pathway of C6. The
areas affected by this route encompass mostly eastern Inner
Mongolia, western Heilongjiang Province and North China
Plain. Analysis of all major transport pathways demonstrates
that C3 is the most important route to Nanjing’s PM2.5
throughout the year. The transport pathways in spring and
autumn are the same. In summer, PM2.5 is transmitted to
Nanjing in the eastern and southeastern directions. In
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Weighted
929.32
159.47
776.50
687.31
1557.72
470.97
37.68
197.44
105.87
Trajectory %
12.71
3.84
11.10
18.23
31.01
13.69
0.84
6.84
1.75
Autumn
Mean
73.12
41.52
69.93
37.71
50.24
34.41
44.97
28.85
60.64
Weighted
465.52
7.29
994.45
762.25
377.20
77.91
413.34
276.57
510.04
Trajectory %
11.45
0.21
17.61
18.51
8.98
3.08
18.03
9.53
12.61
Summer
Mean
40.67
35.44
56.46
41.19
42.01
25.26
22.93
29.03
40.44
Weighted
1476.94
222.24
727.78
523.64
1250.96
367.81
318.66
145.74
449.30
Trajectory %
21.74
4.39
10.97
10.70
25.03
9.47
5.76
3.84
8.09
C1
C2
C3
C4
C5
C6
C7
C8
C9

CNW
CNW
CSE
CE
CN-NW
CN-NW
CSW
CE
CSE

Spring
Mean
67.93
50.63
66.32
48.94
49.97
38.86
55.31
37.94
55.52
Group

Table 1. Statistics of PM2.5 concentration by clusters in different seasons (µg m–3).

Winter
Mean
109.19
76.59
140.42
89.48
80.74
58.88
79.10
57.68
25.33

Trajectory %
22.96
6.76
7.46
5.21
45.63
8.80
2.75
0.35
0.07

Weighted
2506.76
517.79
1048.20
466.30
3684.47
518.31
217.25
20.31
1.78

1678

general, a high level of PM2.5 is transmitted to Nanjing as the
surrounding areas all have a markedly higher concentration
level.
External PM2.5 Sources
The pollution source strength (ρ) distribution map (Fig. 4)
clearly demonstrates that in winter Nanjing is subject to
influence from the widest regions and is affected the most,
followed by spring, autumn and summer. In spring the most
important external source areas are southern Anhui, northern
Jiangxi, and northern Zhejiang provinces, all having the
highest ρ. As previously indicated, C1 affects areas to the
north of the Yangtze River and south of Beijing. As shown
in Fig. 4, the major source areas include West and Northeast
Anhui, Henan, and East Hubei. The C5 traverses Northeast
Hebei, Liaoning, and East Shandong Peninsula, as well as
East Jiangsu and Shanghai, places all having a high PM2.5
level. Besides, trajectory sector analysis reveals that sectors
1, 4–5, 7–8 of a rather high PM2.5 level all correspond to
the aforementioned regions (Fig. 5). Thus, it is concluded
that these regions are the major source areas of Nanjing’s
PM2.5 in spring.
The potential PM2.5 source areas are markedly reduced
in summer given that there are only three transport pathways
of C3, C4, and C9 in the east and southeast directions (Fig. 4).
Eastern and southeastern areas having rather high ρ, together
with Northwest Nanjing, all of them are potential source
areas. Trajectory sector analysis reveals that sectors 3–5 all
have a high level of PM2.5 during transport in summer (Fig. 5).
It is thus concluded that in addition to the southeastern
region (Yangtze River delta), the eastern region to Nanjing
is also potential PM2.5 source areas.
Potential source areas of PM2.5 in autumn extend further
northward, with an expanded extent, but the transport
pathways are the same as in spring. As shown in Fig. 4, high ρ
regions corresponding to C1 are Anhui, North Jiangsu,
Henan, East Hubei, and West Shandong. C3 corresponds to
the Yangtze River delta in the southeastern direction. The
areas affected by C5 are much smaller than those in spring.
Both Hebei and Liaoning have a lower ρ value. Thus, the
main potential source areas are East Shandong Peninsula
and Central Jiangsu. Trajectory sector analysis indicates
that sectors 5 have the highest PM2.5, followed by sectors
10 and 4 (Fig. 5). Thus, the main source areas are located
in the southeast, followed by the northwest.
The source zone in winter becomes considerably larger.
This increase is especially marked in the north. The regions
with a high ρ value far exceed those in other three seasons
(Fig. 4). Of the four main transport pathways, those regions
corresponding to C1 have the highest possibility of being a
source zone. They include mostly North Anhui, Hubei and
East Henan, West Shandong, and North Jiangsu Provinces.
Similarly, C3 corresponds to the Yangtze River delta in the
southeast. In comparison with spring and autumn, there is a
new cluster C6. It's backward trajectory traverses mainly
East Inner Mongolia and North China. Therefore, there is a
higher possibility for PM2.5 to be transmitted to Nanjing
from the north in winter. C5 is very similar to C6 in its route,
with the major source areas being East Inner Mongolia,
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Fig. 4. Distribution of potential PM2.5 source areas. S1, S2, …, S12: sectors.
West Liaoning, North China, East Shandong Peninsula, and
Central-Northern Jiangsu. Trajectory sector analysis indicates
that sectors 1–5 and 10–12 have the higher value (Fig. 5),
an outcome highly resembling that of trajectory analysis.
In summary, external PM2.5 originates chiefly from areas
to the south and southwest of the Xianlin station in spring,
to the southeast in summer, to the southeast and northwest
in autumn, and to the northwest and northeast in winter.
Statistical analyses reveal that in situ observed seasonal
PM2.5 in those cities located inside the potential source
areas shows a trend of variation highly consistent with that
observed at the Xianlin station (Fig. 6). Satellite-observed
seasonal MODIS AOD in those cities located inside the
potential source areas also shows a trend of variation highly
consistent with that observed at the Xianlin station except
the spring season. Fig. 6 illustrates an apparent discrepancy
between potential source PM2.5 and MODIS AOD in
spring. This is explained by the occurrence of dusty weather

in the season of spring in North China. In fact, the frequency
of occurrence in this season is much higher than that in
other seasons (Wang et al., 2017). Therefore, the high AOD
in spring may be related to the effect of dusty weather in
northern China in this season. It must be noted that the
measured PM2.5 is confined to the surface, in contrast to
AOD that applies to the entire atmospheric column. The
dust originating from North China in spring was suspended
in potential source areas (These areas are located mostly to
the south of the Xianlin station instead of bright surface
such as desert areas, enabling the retrieval of AOD), causing
spring AOD noticeably higher than PM2.5. In the spring,
summer, autumn and winter seasons, those cities located
inside the potential source areas have an FMF value of
0.28, 0.57, 0.47, and 0.17, respectively. As illustrated in
Fig. 6, the potential source PM2.5 in the spring and autumn
seasons are nearly identical, but their FMF is lower in
spring than in autumn. This indicates that the dust originating
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Fig. 5. Seasonal distribution of PM2.5 by sector.

Fig. 6. Comparison of seasonal, in situ observed PM2.5 in cities inside the potential source areas with that observed at the
Xianlin station in Nanjing.
from North China in spring is indeed the cause of the apparent
discrepancy between potential source PM2.5 and MODIS
AOD in spring. This outcome demonstrates that the
identified potential source areas are indeed the contributors
to the PM2.5 recorded at the study site.
In this study, we proposed a new index called pollution
source strength ρ and used it to indicate the potential source
areas. In order to validate the effectiveness of this index,
pollution source strength ρ was compared respectively with
in situ observed PM2.5 and satellite-observed MODIS AOD
in those cities located inside the potential source areas (Fig. 7).
This diagram shows that pollution source strength ρ is able

to effectively indicate the variations of in situ observed
PM2.5. Nevertheless, the high AOD values in spring caused
some obvious discrepancies between AOD and pollution
source strength ρ. The high AOD values in spring has been
explained in the preceding paragraphs. It is not repeated
here.
CONCLUSIONS
In this study we analyzed the 2013–2016 PM 2.5
concentration data of Xianlin in Nanjing City, China. After
being clustered to determine the transport pathways, backward
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(a)

(b)
Fig. 7. Comparison of pollution source strength ρ with in situ observed seasonal PM2.5 (a); and satellite-observed seasonal
MODIS AOD (b) in those cities located inside the potential source areas.
trajectory data underwent potential source contribution
function (PSCF) and trajectory sector analysis so as to
identify potential PM2.5 source areas. A new index called
pollution source strength ρ was proposed to indicate the
level of pollution in an administrative region. Our results
indicate that The Xianlin in Nanjing has a rather high PM2.5
level that varies regularly with seasonality. In winter the
concentration level is the highest, much higher than in spring,
summer, and autumn. Both spring and autumn have a low
PM2.5 level that is very close to each other. The transport
pathways of PM2.5 and its source areas also behave regularly
with time. The main transport pathways are similar in

spring and autumn except for that the strongest influence in
spring is from the northwest while in autumn is from the
northeastern regions. There is a huge contrast in transport
pathways between summer and winter. In summer the major
transport pathways are east- and south-oriented. In winter,
there is one more route of C5 than those for autumn,
suggesting a stronger input from the north. As far as source
areas are concerned, they are the largest in both spring and
winter. In terms of their distribution, those in winter are
distributed over a broader area than those in spring. The
source areas in North China are much larger than elsewhere in
winter. In spring larger source areas are located in the
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south. In summer PM2.5 is transmitted to Nanjing from the
eastern and southern regions while in autumn the transport
from the north becomes strengthened gradually.
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