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ABSTRACT 
 

Fine particulate matter (PM2.5) pollution episodes occur frequently in most Chinese metropolises. Because Hong Kong 
is affected by the East Asian monsoon, its high PM2.5 pollution is potentially contributed to by a combination of local and 
regional emissions. This study identified the spatial and temporal characteristics and contributing regions of PM2.5 
pollution episodes in Hong Kong. We analyzed the hourly monitoring data collected at various monitoring stations in 
Hong Kong for the year 2014 in addition to spatial distributions of PM2.5 in China in the days preceding high pollution 
episodes, and we identified the spatial and temporal characteristics of high PM2.5 pollution in Hong Kong. The relative 
contributions of local and regional sources to high PM2.5 episodes were then quantified. Finally, backward trajectories of 
air masses arriving in Hong Kong during high PM2.5 episodes were generated to determine the main contributing regions. 
The results indicated that PM2.5 levels were higher in the northwestern and southeastern parts of Hong Kong and the Yuen 
Long station observed the most serious pollution, with a highest daily average PM2.5 concentration of 118 µg m–3; other 
areas noted relatively lower concentrations, with maximum daily average concentrations less than 100 µg m–3. Regional 
sources accounted for almost 70% of the PM2.5 pollution and were mostly from the northern and northeastern areas of 
Hong Kong. Six main contributing regions were identified: the northern region of Guangdong province, Henan–Shandong, 
the Yangtze River Delta, Jiangxi, Fujian, and Anhui-Hubei. Among these, Guangdong province contributed the highest 
proportion of the pollution. Because PM2.5 is a major air pollutant in Hong Kong, the findings of this study will be useful 
for forecasting PM2.5 pollution episodes. Moreover, the developed methodology can be extended to other pollutants if their 
characteristics and main contributing regions can be identified. 
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INTRODUCTION 
 

Fine particulate matter (PM2.5) is a major air pollutant 
associated with deteriorations in visibility (Xiao et al., 2014) 
and adverse human health effects (Li et al., 2015). In recent 
years, areas of China have frequently experienced severe 
PM2.5 pollution (Guo et al., 2014), and in some economically 
developed cities in northern China, the annual average 
PM2.5 concentration has exceeded 90 µg m–3 and hourly 
concentrations reached 1000 µg m–3 during periods of heavy 
pollution (Hu et al., 2015; Wang et al., 2015a; Wang et al., 
2015b). Estimations of the number of premature deaths 
caused by outdoor air pollution in China every year ranged 
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from 3.5 to 50 million, and PM2.5 being the primary pollutant 
outdoor air pollutant (Guo et al., 2009; Chen et al., 2013; 
Ding et al., 2014). 

Hong Kong is located on the southeast coast of China, 
just south of Shenzhen, in the Pearl River Delta region. In 
recent years, the annual average PM2.5 concentrations in 
Hong Kong has been ranged 25–36 µg m–3 (The Environment 
Protection Department of Hong Kong; EPD. 2009–2014). 
PM2.5 pollution in Hong Kong is not as serious as in the 
cities of northern China, however, the frequency of high 
PM2.5 pollution events in Hong Kong, defined as having at 
least one monitoring site with a daily average PM2.5 
concentration exceeding 75 µg m–3, has not decreased in 
recent years (Fig. 1; data from EPD). 

The East Asian monsoon is the dominant meteorological 
feature of the Pearl River Delta region in China (Zhou et 
al., 2006; Zhang et al., 2013), with southerly winds prevailing 
in summer and northerly winds prevailing in winter. These 
features influence both the accumulation of locally emitted
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Fig. 1. The number of PM2.5 episodes in 2009–2014. 

 

pollutants in Hong Kong and the regional transport of 
pollutants from mainland China (Jia et al., 2008). 
Understanding the spatial and temporal characteristics, 
causes, and source regions of PM2.5 pollution will improve 
the predictability of Hong Kong’s local air quality, thus 
facilitating the development of interregional measures to 
improve air quality (Guo et al., 2013). 

Some studies have investigated PM2.5 pollution in Hong 
Kong by evaluating its temporal characteristics, chemical 
compositions, and source regions. For example, Louie et al. 
(2005) conducted an analysis on the seasonal characteristics 
and source regions of PM2.5 in Hong Kong from 6 
November 2000 to 26 October 2001, reporting that PM2.5 
was predominantly transported from the northeast during 
winter and fall and that local and regional sources both 
contributed to PM2.5 pollution episodes.  In addition, by 
analyzing the chemical composition of the PM2.5, Louie et 
al. (2005) elucidated the regional impact of the long-range 
transport (LRT) of secondary ammonium sulfate and Asian 
dust. Man and Shih (2001) used trajectory analyses to 
identify the sources of PM10 aerosols in Hong Kong, and 
concluded that the aerosols were from emissions in the 
Asian continent and local emissions during winter, but the 
local emissions were mainly responsible for the aerosol 
concentrations present in summer. Lee et al. (2006) studied 
PM2.5 characteristics in the roadside environments around 
Hong Kong and demonstrated that fine-particle episodes 
occurred because of the LRT of air masses from mainland 
China; the authors also noted that vehicular emissions were 
the major sources of carbonaceous aerosols in winter, but 
not in spring. Nie et al. (2013) investigated the atmospheric 
concentrations of particulate sulfate and nitrate in Hong 
Kong during 1995–2008 and the effects of local emissions 
and super-regional transport; increases in PM10 sulfate and 
nitrate concentrations in air masses originating from eastern 
China were identified that were generally consistent with 
the changes in the emissions of their precursors in eastern 
China. The authors concluded that the LRT of air masses 
largely contributed (> 80%) to the PM10 loadings in Hong 
Kong. Moreover, recently some analyses were performed 
on the chemical composition of PM2.5 to discover the 
possible emission sources of PM2.5 and showed a tri-modal 
size distribution pattern in PM mass and SO4

2–, NH4
+ and 

OC (Griffith et al., 2015; Gao et al., 2016). 
Most studies of PM2.5 pollution in Hong Kong have 

focused on analyses of temporal characteristics, emission 

sources, and composition, however, these studies have only 
defined the major emission sources of PM2.5 pollution, with 
some preliminary qualitative conclusions made regarding 
source regions, for example that PM2.5 pollution in Hong 
Kong is affected by LRT. A quantitative analysis of source 
regions and the movement of air masses from specific regions 
that lead to high PM2.5 pollution in Hong Kong is lacking. 
As such, the research thus far cannot support accurate high 
PM2.5 pollution forecasting (Liu et al., 2015). 

To efficiently support Hong Kong’s air quality forecasting 
and allow effective decision-making for air quality 
improvement, this study quantified the spatial and temporal 
characteristics and contributing regions of high PM2.5 
pollution in Hong Kong, filling the aforementioned data gaps. 
First, we analyzed the features of PM2.5 pollution episodes in 
Hong Kong in 2014 to identify the temporal and spatial 
characteristics of PM2.5 pollution. We then separated the 
contributions of local and regional sources quantitatively. 
Finally, by using backward trajectories of air masses arriving 
in Hong Kong during PM2.5 pollution episodes coupled 
with cluster analysis, we analyzed the long-range movement 
of these air masses and determined their source regions. 
The results were verified against spatial distribution maps 
of PM2.5 pollution in China. 
 
DATA AND METHODS 
 

We collected hourly monitoring data of PM2.5 and NO2 
concentrations in Hong Kong, provided by the EPD, 
between January 1, 2014, and December 31, 2014, from 14 
monitoring sites—6 city center sites, 4 new town sites, 3 
traffic sites, and 1 suburban site (Fig. 2). The city center and 
new town sites, located in urban areas, are mostly affected by 
local pollutant sources such as vehicle emissions. The 
suburban site was considered to reflect regional impacts of 
pollution on Hong Kong (e.g., regional transport from 
mainland China). The traffic sites are located near busy 
road networks, they were considered to reflect the pollution 
levels around urban roads. 

Hong Kong is bordered by Shenzhen in the north and the 
South China Sea in the south. To facilitate the spatial analysis 
of PM2.5 pollution in Hong Kong, we also downloaded 
hourly PM2.5 concentrations data at three monitoring sites 
in Shenzhen between January 2014 and December 2014 from 
the website of the China National Environmental Monitoring 
Center (http://113.108.142.147:20,035/emcpublish/). 
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Fig. 2. Geographical locations of monitoring sites and spatial distribution of PM2.5 pollution levels in Hong Kong and 
Shenzhen. Size of red circles represents annual average PM2.5 concentration at each site—the greater the value, the larger 
the circle.  The labels for the four site types are indicated using different colors and refer to the site name (minimum and 
maximum daily average PM2.5 concentration during 2014). 

 

In this study, and based on Hong Kong’s air quality 
standards (Hong Kong’s Air Quality Objectives, 2012), a 
threshold daily average of 75 µg m–3 was used to define high 
PM2.5 pollution episodes. A day was considered to have 
included an episode when at least one site, excluding the 
traffic sites, reported a PM2.5 level above the threshold. A 
total of 19 PM2.5 episodes were found in 2014. Of these, 16 
days were parts of episodes that lasted for more than two 
consecutive days, and 8 days were parts of episodes that 
lasted for more than four consecutive days. 

A local increment factor was used to analyze the 
contribution of PM2.5 pollution. The data from the suburban 
site were considered to reflect the regional contribution, 
whereas those from the traffic sites were considered to 
reflect the local contribution. The local increment factor of the 
PM2.5 pollution (Paschalidou et al., 2015) was calculated as 
the concentration difference between the suburban site and 
the traffic sites: D-value = Con(traffic) – Con(suburban), 
where Con(traffic) denotes the average PM2.5 concentration 
at the three traffic sites and Con(suburban) represents the 
PM2.5 concentration at the one suburban site. A large and 
positive D-value was considered to indicate that local 
emissions made a greater contribution to PM2.5 pollution 
than did regional emissions. By contrast, a small or negative 
D-value indicated that regional emissions strongly contributed 
to the PM2.5 pollution. 

The Hybrid Single-Particle Lagrangian Integrated 
Trajectory (HYSPLIT4) model and the National Oceanic and 
Atmospheric Administration global reanalysis meteorological 
data (Su et al., 2015) were used to generate the backward 
trajectories of air masses arriving in Hong Kong during the 
PM2.5 pollution episodes. The analysis of the air masses 
provided insights into the source regions that contributed 
to Hong Kong’s PM2.5 pollution (Feng et al., 2015). The 

48-h backward trajectories of air masses arriving in Hong 
Kong (22.2°N, 114.1°E) at a height of 100 m above the 
ground were generated for every 2-h interval on episode 
days, a total of 216 backward trajectories were generated, 
with December 23 omitted from analysis because of data 
unavailability (Fig. 3). The majority of the backward 
trajectories went either east along the coast or crossed the 
northern boundary of Hong Kong. 

Clustering of the backward trajectories was performed 
using k-means clustering analysis based on the HYSPLIT4 
model combined with the TrajStat software developed by 
Wang et al. (2009). The optimal number of clusters was 
determined using the variability within the clusters in each 
clustering—the smaller the variability, the better the 
clustering (Pinero-Garcia et al., 2015), however, because 
the use of too many clusters can impede analysis, nine was 
considered the optimal number of clusters in this study. 
 
SPATIAL AND TEMPORAL CHARACTERISTICS 
OF PM2.5 POLLUTION IN HONG KONG 
 

The average PM2.5 concentrations and frequency of high 
PM2.5 pollution episodes for different months in 2014 in 
Hong Kong (average concentration at all sites excluding the 
traffic sites) are compared in Fig. 4. The PM2.5 concentrations 
showed high seasonal variability; the highest PM2.5 
concentrations occurred in winter [27–52 µg m–3, with a 
serious increase observed in January (52 µg m–3)], followed 
by fall (23–37 µg m–3), with the lowest levels in summer 
(12–17 µg m–3). High concentrations were also observed in 
spring (March and April). This seasonal variation in PM2.5 
also corroborated the variation observed for several northern 
Chinese cities by Zhao et al. (2016). Louie et al. (2005) 
obtained the same PM2.5 concentration seasonal features 
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Fig. 3. Backward trajectories of the air masses arriving Hong Kong during the PM2.5 episodes in 2014. 

 

 
Fig. 4. Monthly average PM2.5 concentrations and high PM2.5 pollution episode frequency during 2014 in Hong Kong. 

 

for Hong Kong in 2000–2001 and indicated that high PM2.5 
concentrations in winter resulted mostly from elevated levels 
of organic compounds and NH4NO3, potentially reflecting 
the regional accumulation of secondary components (Li et 
al., 2015).  

The seasonal trend in the frequency of PM2.5 pollution 
episodes was similar to that of the PM2.5 concentration. 
The highest frequency occurred in winter and the lowest in 
summer, with extremely few high PM2.5 pollution episodes 
in the summer and spring of 2014. Such a seasonal pattern 
was consistent with those reported by Huang et al. (2009) 
and Qin et al. (2016), and these studies also argued that 
high PM2.5 pollution episodes in winter were due to LRT 

mainly caused by biomass burning. However, in October 
and November, when the average PM2.5 concentration was 
higher than in December, the frequency of PM2.5 pollution 
episodes was lower, indicating that the monthly frequency 
variation varies slightly with PM2.5 concentration. Thus, a 
higher monthly average PM2.5 concentration was not 
necessarily accompanied by a higher frequency of high 
PM2.5 pollution episodes. 

The spatial distribution of the annual average PM2.5 
concentration in Hong Kong is shown in Fig. 2 and the 
corresponding statistical data are listed in Table 1. The annual 
average PM2.5 concentrations among the sites ranged from 
24 to 38 µg m–3, indicating relatively low PM2.5 pollution 



 
 
 

Ding et al., Aerosol and Air Quality Research, 17: 2955–2965, 2017 2959

in Hong Kong. However, the maximum daily average PM2.5 
concentrations revealed that the PM2.5 concentration could 
far exceed the air quality standard during days on which 
episodes occurred. In addition to at the traffic sites, the 
highest pollution levels were noted at Yuen Long (YL), 
located to the northwest of Hong Kong, with an annual 
average PM2.5 concentration of approximately 35 µg m–3 and 
a highest daily average PM2.5 concentration of 118 µg m–3. 
The pollution at YL was similar to that at the sites in 
neighboring Shenzhen, with identical annual average 
concentrations. The next highest pollution levels were 
observed at the city center sites around Sham Shui Po, located 
to the southeast of Hong Kong. Compared with these sites 
and that at YL, the pollution levels at other sites (except the 
traffic sites) were low, with annual average concentrations 

of less than 30 µg m–3 and a highest daily average 
concentration of less than 100 µg m–3. 

To further investigate the spatial correlation of PM2.5 
pollution in Hong Kong, we performed correlation analysis 
of hourly PM2.5 concentrations at the sites in Hong Kong 
and the four sites in Shenzhen. The traffic sites were not 
analyzed because they have strong local characteristics. 
The Pearson correlation coefficients (R) ranged from 0.739 
to 0.935 (Table 2). Between YL and the neighboring sites 
in Shenzhen (Nan You and Hua Qiao Cheng), R was high 
(> 0.90), suggesting a strong correlation between the PM2.5 
concentrations there. This was consistent with the spatial 
characteristics of the annual average PM2.5 concentrations. 
Strong correlations among Kwun Tong, the Central/Western 
site, the Eastern site, and Sha Tin—located in the Kowloon

 

Table 1. Monitoring site information and statistics of PM2.5 concentrations in Hong Kong and Shenzhen during 2014. 

Monitoring site Type longitude/Latitude PM2.5Avg PM2.5Std PM2.5 [MIN,MAX] 
Sham Shui Po (SSP) City area 114°15′67″/22°33′15″ 33 14 [10,95] 
Kwai Chung (KC) City area 114°12′71″/22°35′86″ 28 15 [5,97] 
Kwun Tong (KT) City area 114°22′33″/22°31′47″ 31 17 [4,98] 
Central/Western (CW) City area 114°14′29″/22°28′68″ 28 18 [4,94] 
Tsuen Wan (TW) City area 114°11′21″/22°37′33″ 28 14 [7,87] 
Eastern (EN) City area 114°21′69″/22°28′45″ 26 15 [3,84] 
Yuen Long (YL) New town 114°02′03″/22°44′67″ 35 22 [5,118] 
Tai Po (TP) New town 114°16′20″/22°45′24″ 27 17 [2,102] 
Sha Tin (ST) New town 114°18′20″/22°37′80″ 26 16 [2,98] 
Tung Chung (TC) New town 113°94′11″/22°29′03″ 24 17 [2,85] 
Tap Mun (MB) Suburban 114°35′83″/22°47′28″ 27 17 [5,101] 
Causeway Bay (CB) Traffic 114°18′22″/22°28′19″ 38 16 [12,106] 
Central (CL) Traffic 114°15′57″/22°28′33″ 29 15 [5,77] 
Mong Kok (MK) Traffic 114°16′60″/22°32′40″ 31 15 [6,87] 
Nan You (NY) Shenzhen 113°55′23″/22°30′58″ 34 21 [6,110] 
Hua Qiao Cheng (HQC) Shenzhen 113°59′13″/22°32′28″ 34 21 [6,110] 
Hong Hu (HH) Shenzhen 114°7′2″/22°33′43″ 36 22 [7,121] 
Li Luan (LL) Shenzhen 114°5′46″/22°33′ 32 19 [5,95] 

PM2.5Avg = annual average PM2.5 concentration; PM2.5Std = standard deviation of annual average PM2.5 concentration; 
PM2.5[MIN,MAX] = minimum and maximum daily average PM2.5 concentrations. 

 

Table 2. Pearson correlation coefficients of hourly PM2.5 concentrations between sites in Hong Kong and Shenzhen. 

 SSP KC KT CW TW EN YL TP ST TC MB NY HQC HH LL 
SSP 1 .867** .897** .885** .825** .865** .783** .836** .862** .739** .764** .772** .773** .756** .727**

KC  1 .891** .891** .883** .872** .835** .870** .887** .809** .786** .797** .801** .778 .767**

KT   1 .926** .853** .935** .853** .901** .914** .795** .851** .831** .829** .823 .804**

CW    1 .872** .929** .877** .895** .909** .841** .833** .849** .848** .807 .798**

TW     1 .853** .823** .890** .848** .818** .777** .791** .797** .757 .755**

EN      1 .873** .894** .915** .809** .867** .840** .842** .818 .808**

YL       1 .905** .897** .889** .851** .911** .913** .871 .876**

TP        1 .935** .837** .880** .857** .866** .873 .879**

ST         1 .826** .871** .852** .865** .855 .847**

TC          1 .782** .859** .844** .778 .782**

MB           1 .807** .813** .813 .798**

NY            1 .950** .882 .880**

HQC             1 .892 .893**

HH              1 .931**

LL               1 
**p < 0.01 indicates significance. 



 
 
 

Ding et al., Aerosol and Air Quality Research, 17: 2955–2965, 2017 2960

area in southeastern Hong Kong—were also confirmed, with 
R higher than 0.90 between any of the two aforementioned 
sites. 

 
SEPARATING THE CONTRIBUTION OF LOCAL 
AND REGIONAL SOURCES 
 

We analyzed the contributions of local and regional 
sources in high PM2.5 pollution by comparing the 19 high 
PM2.5 pollution episodes and grouping the sites into four 
types: city area, new town, suburban, and traffic (Fig. 5). 
In addition, because NO2 has a shorter lifetime than PM2.5, 
the change in NO2 concentration can indicate a greater local 
impact; therefore, we also analyzed the corresponding mean 
NO2 concentrations during each pollution episode (Fig. 6). 
To quantify the relative contributions of local and regional 
sources, the local increment factors of the PM2.5 pollution 
were calculated for all 19 high PM2.5 episodes, to aid in the 
separating of local and regional sources contribution. 

Obvious differences were noted in the NO2 concentrations 
at the suburban and traffic sites (> 150 and <2 5 µg m–3, 
respectively), suggesting that the local contributions were 
significant at traffic sites throughout all 19 episodes. By 

contrast, only minor differences were noted in the PM2.5 
concentrations during pollution episodes 1, 2, 6, and 15 
(Fig. 5). These results indicated that regional sources 
dominated the contributions to PM2.5 pollution; compared 
with those during other pollution episodes, the regional 
contributions during the four aforementioned pollution 
episodes were weaker, with their local increments in PM2.5 
concentration being larger (Table 3). However, even during 
episodes 1, 2, 6, and 15, the local contributions were only 
21%–30%. (The contribution of local sources can be 
considered the proportion of the local increment in traffic 
site concentration.) This rather small local contribution was 
further evidence that the PM2.5 pollution in Hong Kong in 
2014 was dominated by regional transport during high PM2.5 
pollution episodes, with a contribution of more than 70%. 

 
IDENTIFICATION OF SOURCE REGIONS 
 

Because regional transport majorly contributed toward 
high PM2.5 pollution levels in Hong Kong, we considered 
air mass trajectories, which can characterize regional 
transport, to further identify the pollutant’s source regions. 
Based on an analysis of air mass backward trajectories, Guo

 

 

Fig. 5. Category-averaged PM2.5 levels during the 19 high PM2.5 pollution episodes, grouped into four categories—city 
area, new town, suburban, and traffic. All 19 high PM2.5 pollution episodes occurred in 2014. Category-averaged PM2.5 
levels can also be understood as the mean PM2.5 concentration of each pollution episode over the four sites—city area, new 
town, suburban, and traffic. By comparing different categories, a favorable perspective can be obtained for exploring the 
relative strength of local and regional impacts of pollution episodes. 

 

 

Fig. 6. Category-averaged NO2 concentrations during the 19 high PM2.5 pollution episodes, grouped by site category—city 
area, new town, suburban, and traffic. 
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Table 3. Statistics of the 19 high PM2.5 episodes. 

Episode  
ID 

Date 
Suburban 
(µg m–3) 

Traffic 
(µg m–3) 

Local increment NO2 Cluster ranking

1 2014/1/1 61 79 18 186 1 (67%) 
2 (33%) 

2 2014/1/3 61 87 26 235 3 (25%) 
2 (17%) 
1 (58%) 

3 2014/1/4 101 96 (–6) 196 1 (25%) 
4 (75%) 

4 2014/1/5 99 96 (–4) 142 4 (33%) 
5 (33%) 
2 (8%) 
6 (17%) 
7 (8%) 

5 2014/1/6 90 86 (–5) 142 7 (100%) 
6 2014/1/17 45 57 12 176 3 (58%) 

2 (42%) 
7 2014/1/19 82 72 (–10) 125 8 (33%) 

6 (67%) 
8 2014/1/20 84 74 (–10) 189 6 (8%) 

3 (25%) 
2 (58%) 
5 (8%) 

9 2014/1/21 76 55 (–21) 149 4 (17%) 
9 (83%) 

10 2014/1/22 76 61 (–15) 165 9 (67%) 
8 (33%) 

11 2014/10/14 62 58 (–4) 93 8 (8%) 
5 (17%) 
4 (17%) 
8 (50%) 
5 (17%) 

12 2014/10/15 69 70 1 118 5 (17%) 
2 (75%) 
6 (8%) 

13 2014/11/18 64 59 (–5) 93 8 (67%) 
5 (33%) 

14 2014/11/19 58 54 (–4) 74 5 (8%) 
6 (25%) 
5 (50%) 
2 (17%) 

15 2014/12/10 43 64 21 140 6 (17%) 
2 (83%) 

16 2014/12/11 60 65 5 128 5 (25%) 
4 (17%) 

17 2014/12/15 50 43 (–7) 128 2 (8%) 
6 (17%) 
2 (33%) 
3 (42%) 

18 2014/12/16 55 57 2 128 2 (33%) 
4 (17%) 
9 (50%) 

19 2014/12/23 64 61 (–3) 135 -- 
Column 1 lists the episode ID. Column 2 presents the date of each episode. Columns 3 and 4 indicate average PM2.5 
concentration at suburban sites and traffic sites, respectively. Column 5 presents the local increments in PM2.5 pollution. 
Column 6 lists the average NO2 concentration at the traffic sites. Column 7 indicates the cluster classes and the cluster 
rankings for each episode (%; referring to the proportion of the corresponding cluster in the high PM2.5 pollution episode). 
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et al. (2015) developed a total potential source contribution 
function to identify the source region of particle pollution 
in eastern China and obtained reliable results. Therefore, we 
used an analysis of air mass backward trajectories for source 
region identification. The backward trajectories of air masses 
arriving in Hong Kong during the high PM2.5 pollution 
episodes were clustered into nine classes using k-means 
clustering (Fig. 7). The class 1 and 2 backward trajectories 
originated from the Guangdong province and represented a 
relative contribution of 32%. Class 3 trajectories were 
from the eastern coast of Hong Kong, only accounting for 
approximately 6% of the regional contribution. Classes 4–
9 were mainly associated with air masses from the distant 
northern regions, representing LRT and accounting for 
approximately 12%, 9%, 15%, 6%, 10%, and 10% of the 
regional contribution, respectively (62% in total). Thus, 
during the high PM2.5 pollution episodes, the air masses 
mainly originated from the north and northeast, with a few 
originating from the northwest. 

The regions affecting PM2.5 concentrations in Hong 
Kong included the northern region of Guangdong province, 
Henan–Shandong, the Yangtze River Delta (YRD), Jiangxi, 
Fujian, and Anhui–Hubei. In general, the processes that 
transported PM2.5 pollution to Hong Kong could be 
classified into two types: (1) pollutant emissions within 
Guangdong province, resulting in accumulation due to 
highly stable air masses, and (2) LRT of air masses from 
the distant northern regions due to strong winds (Li et al., 
2012). This classification result was mainly due to the 
Nanling Mountains in the northern parts of Guangdong 
province, which blocked weak air masses from the north. 
This result regarding the transport of air masses from the 
northeast was also reported by Louie et al. (2005). 

For each high PM2.5 pollution episode, cluster ranking—
sorted by the date time of the real-time backward trajectories 
of air masses—and their proportion were performed. The 
results showed that the dynamic characteristics of different 
processes were critical during each pollution episode 

(Table 3). This may be attributable to differences in air 
mass movements under different meteorological conditions 
in the atmosphere. When the cluster ranking was dominated 
by classes 1 and 2, the particular pollution episode was 
mostly affected by regional air masses from Guangdong 
province, which had a larger local contribution compared with 
others. For example, for episodes 1, 2, 6, and 15 (cluster 
rankings of which were dominated by classes 1 and 2), the 
local increments of PM2.5 pollution levels were relatively 
larger, along with higher NO2 concentrations (Table 3). 
This result indicated that in the four aforementioned 
episodes, the pollutant probably originated from emissions 
in a limited region of Guangdong province. This phenomenon 
may be related to more stable weather conditions, which 
are not conducive to the spread of pollutants, resulting in 
increased local pollution and weakened regional transport. 
Episodes 5, 9, 11, 13, and 18 were affected by regional 
LRT (super-regional transport) (Li et al., 2012). For each 
of these pollution episodes, classes 7, 8, and 9 (representing 
air masses with backward trajectories from remoter regions—
the northern Henan–Shandong, YRD, and Anhui–Hubei) 
demonstrated a large proportion in the cluster rankings. In 
these episodes, local pollution was not obvious and NO2 
concentrations were low, indicating that the local contribution 
to PM2.5 was insignificant. 

The regional distribution of pollution 1–2 days before 
each high PM2.5 pollution episode can be effectively used 
to verify the source region of pollution carried through 
LRT (Oh et al., 2015). For episodes 5, 9, 11, 13, and 18 
(mainly affected by super-regional transport from the north: 
Henan–Shandong, YRD, and Anhui–Hubei), the spatial 
distributions of PM2.5 concentrations in China on the day 
of each episode (Day-0) and during 2 days before each PM2.5 
pollution episode (Day-2) were generated using spatial 
interpolations based on the data collected from 1436 
atmospheric environment monitoring stations in China. As 
shown in Fig. 8, most potential source regions had high 
PM2.5 pollution levels on Day-2, confirming that the northern

 

 

Fig. 7. Clustering of the backward trajectories of the air masses arriving Hong Kong during high PM2.5 episodes. 
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(a)    

(b)   

(c)   

(d)   

(e)   

Fig. 8. Spatial distributions of PM2.5 concentrations in China on the day of (Day-0) and two days before (Day-2) the 
following high PM2.5 pollution episodes: (a) episode 5: mainly from the YRD region; (b) episode 9: mainly from the 
Henan–Shandong region; (c) episode 11: mainly from the Anhui–Hubei region; (d) episode 13: mainly from the Anhui–
Hubei region; and (e) episode 18: mainly from the Henan–Shandong region. 
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regions mainly contributed toward the pollution during 
episodes 5, 9, 11, 13, and 18. These findings regarding the 
contributing regions and air mass backward trajectories 
can be effectively used to facilitate heavy air pollution 
forecasting and warnings in Hong Kong. For example, an 
indication that a large air mass from YRD is to arrive in 
Hong Kong in the next 48 h and that high pollution has been 
observed in YRD can probably predict that a high PM2.5 
pollution episode will occur in Hong Kong in 2 days’ time. 
 
CONCLUSIONS 
 

In this study, we determined the temporal and spatial 
characteristics and source regions of PM2.5 pollution 
episodes in Hong Kong in 2014. The most serious levels of 
PM2.5 pollution occurred in winter, whereas the lowest levels 
were noted during summer. The monthly PM2.5 concentration 
was highest in January (52 µg m–3) and lowest in August 
(12 µg m–3). The temporal characteristics were similar to 
those for cities in mainland China. The spatial patterns of 
PM2.5 showed that PM2.5 pollution levels were typically 
higher in the northwest and southeast of Hong Kong but 
relatively lower in the southwest and northeast. The annual 
average concentrations were estimated to be approximately 
30–35 µg m–3 in the northwest and southeast, with the 
highest daily average concentration being 118 µg m–3. In 
the southwest and northeast, however, the annual average 
concentrations were less than 30 µg m–3. 

We considered 19 high PM2.5 pollution episodes in Hong 
Kong in 2014 to determine the city’s pollutant source 
regions. To separate the effects of local and regional sources 
on the PM2.5 pollution episodes, the pollutant concentrations 
at different categories of monitoring sites as well as the local 
increment factors of PM2.5 were analyzed. The backward 
trajectories of air masses arriving in Hong Kong during the 
PM2.5 pollution episodes were then analyzed to identify the 
primary (local and regional) sources of pollution. Regional 
transport contributed the most (> 70%) toward PM2.5 
pollution in Hong Kong. The regional sources of high 
PM2.5 pollution levels in Hong Kong were majorly in the 
north and northeast. Regional contributions were caused by 
either stable air masses in Guangdong province (regional 
influence; 32% contribution) or LRT of air masses from 
the north by strong winds (super-regional influence; 62% 
contribution). The six main source regions were the northern 
region of Guangdong province, Henan–Shandong, YRD, 
Jiangxi, Fujian, and Anhui–Hubei. Among these, YRD, 
Anhui–Hubei, and Henan–Shandong were the dominant 
source regions of the PM2.5 pollution in Hong Kong under 
specific meteorological conditions. The results of this 
study can be used for air pollution forecasting and warning 
provision as well as for decision-making when developing 
emission reduction measures in Hong Kong. 
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