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ABSTRACT 
 

China has suffered from severe particulate matter (PM) pollution in recent years. Both pollution areas and levels are 
increasing gradually. The PM pollution episodes not only occur in the traditional developed areas like the Yangtze River 
Delta (YRD) and the Beijing-Tianjin-Hebei (BTH) region, but also frequently happen in the eastern coastal provinces (ECPs) 
of China. Based on hourly fine-PM (PM2.5) concentrations during December 2013 to February 2014 of 55 cities located in 
the ECPs, we investigated the spatial and temporal variabilities of PM2.5 concentration and the corresponding meteorological 
conditions during winter. The results generally showed that the winter mean concentrations over all ECPs exceeded 
China’s national standard of 75 µg m–3, and the most polluted areas with mean concentrations exceeding 150 µg m–3 were 
in the southwest of Hebei and the west of Shandong Province. The PM2.5 concentrations in February were lower than 
December in most areas, especially in the YRD, but they were higher over the north of Hebei Province. The spatial 
distributions and monthly variations were strongly related to weather conditions. Overall, severe PM pollution corresponded 
with stable weather conditions: small Sea Level Pressure gradient, lower Planetary Boundary Layer (PBL) height and 
weaker winds. Statistics showed that the changes of the mean PM2.5 concentration over the ECP region lagged behind the 
variations in the PBL height and wind speeds by about 12–18 h, and the variations in weather conditions could explain 
about 71% (R2) of the overall changes in PM2.5 concentrations, indicating that regional PM2.5 pollution was dominated by 
weather conditions in the ECPs. This study gives insight into the PM2.5 pollution in the ECPs of China during winter, 
which would be helpful to predict and control the PM2.5 pollution for this area in the future. 
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INTRODUCTION 

 
China has been suffering from severe particulate matter 

(PM) pollution in recent years, especially in winter (Chan 
and Yao, 2008; Liao et al., 2014; Wang et al., 2014d). It is 
well known that fine PM (PM2.5; i.e., of aerodynamic 
diameter < 2.5 µm), is small enough to be breathed directly 
into lungs, leading to great risk to human health (Ma et al., 
2011; Yang et al., 2012). Studies have shown that PM2.5 
pollution has become one of the top four risk factors to human 
health in China (Kassebaum et al., 2014). In addition, PM2.5 
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also decreases visibility and probably contributes to rising 
traffic accidents (Zhao et al., 2013). Therefore, PM2.5 pollution 
has become of widespread concern to the public, scientists 
and government departments in China. 

PM2.5 monitoring in China began in 1999 in Beijing (He 
et al., 2001) and Shanghai (Ye et al., 2003). Since then, 
many studies of PM2.5 pollution have been conducted in 
China, with most focused on the Yangtze River Delta (YRD) 
(e.g., Huang et al., 2012; Wang et al., 2012; Ding et al., 
2013; Wang et al., 2013a) and Beijing-Tianjin-Hebei (BTH) 
(e.g., Liu et al., 2013; Jiang et al., 2015; Zheng et al., 
2015; Zhang et al., 2016b). 

Because of hosting the Olympic Games, many studies of 
PM2.5 pollution in Beijing were carried out and, similarly, 
many related studies were performed for the 2010 
Shanghai World Expo (e.g., Huang et al., 2013; Lin, 2013; 
Wang et al., 2014d). In recent years, BTH and YRD have 
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remained hotspots for PM2.5 research. For example, based 
on measured PM2.5 concentrations and compositions, Guo 
et al. (2014) analyzed severe pollution episodes in Beijing 
during September–November 2013, and found that the 
chemical compositions of PM2.5 in Beijing were similar to 
air pollution in other parts of the world – secondary aerosols 
were the main component of PM2.5, and transportation and 
industry were their dominant emission sources. Wang et al. 
(2014c) investigated the haze weather processes in January 
2013 over northern China, and found that the most polluted 
cities were Shijiazhuang, Handan and Xingtai in southern 
Hebei Province. The pollutants could be transported across 
provinces, thus a regional joint emission reduction policy 
was needed to control air pollution in a certain area. In 
YRD, Ding et al. (2013) and Cheng et al. (2014) analyzed 
the impact of biomass burning on PM2.5 pollution – they 
confirmed that biomass burning in open fields significantly 
affected air quality in the YRD. The current PM pollution, 
however, is not limited to the BTH and/or YRD areas, and 
most of time, especially in winter, can cover most eastern 
coastal provinces (ECPs) including BTH, Shandong, Subei 
(northern Jiangsu Province) and YRD (Wang et al., 2014a; 
Zhang et al., 2016b). Hu et al. (2014) studied the temporal 
and spatial patterns of PM2.5 in the North China Plain and 
YRD, and found strong temporal correlations of PM2.5 
concentrations among the cities within 250 km of each 
other. 

The severe air pollution episodes always occur during 
stable weather conditions (Wang et al., 2015a; Han et al., 
2016; Zhang et al., 2016a), and weather conditions play an 
important role in PM2.5 pollution. Zhang et al. (2012) 
identified nine weather circulation types over North China, 
and found three typical patterns that had great influence on 
severe air pollution in Beijing: weak pressure field, high 
pressure to the east and low pressure to the northwest. Che 
et al. (2014) pointed out that aside from strong emissions of 
pollutants, meteorological conditions, mainly weak southerly 
wind and high relative humidity, were major contributors 
to the most intense pollution occurrence in January 2013 in 
Beijing and surrounding areas. Guo et al. (2014) demonstrated 
that a periodic cycle of PM episodes in Beijing is governed 
by meteorological conditions. Wang et al. (2014a) found 
that large-scale latitudinal atmospheric circulation and local 
stable stratification and weak turbulence favored formation 
of haze. Wang et al. (2015b) analyzed a severe haze episode 
in Beijing and concluded that increasing relative humidity 
and stable synoptic conditions were likely the main reasons. 
Overall, these studies identified that stable weather 
conditions including uniform pressure field, low boundary 
layer height and weak wind were major reasons for severe 
air pollution. However, most previous studies focused on 
local air pollution and local weather conditions (e.g., Wang 
et al., 2013b; Ying et al., 2014; Tian et al., 2016) or local 
PM concentrations and regional meteorological fields (e.g., 
Wang et al., 2014a). At present, the air pollution in China 
is usually not just in one city, but in large areas, e.g., BTH, 
YRD, even ECPs or the whole eastern part of China. For 
the regional PM pollution in ECPs and finding what 
meteorological fields could cause different level large area 

PM pollutions, we studied the relationship of regional air 
pollution and regional weather conditions over ECPs. 

In this study, we treat the ECPs of China, including 
Beijing, Tianjin and Shanghai cities, and Hebei, Shandong, 
Jiangsu and Zhejiang Provinces as a whole to investigate 
the spatial and temporal distribution characteristics of 
PM2.5 concentrations and explore the impact of weather 
conditions on regional PM2.5 pollution. The study area and 
data are shown in the second section, and the PM2.5 pollution 
characteristics, as well as the qualitative and quantitative 
analyses of weather factors on regional PM2.5 pollution, are 
presented in the third section. Finally, our conclusions are 
given in the last section. 
 
STUDY AREA AND DATA 
 
Study Area 

Fig. 1(a) shows the study area: the ECPs of China, 
which includes Beijing, Tianjin, Hebei, Shandong, Jiangsu, 
Shanghai and Zhejiang Provinces. There are 55 cities in 
this area, and two traditional metropolitan areas: BTH and 
YRD regions (Fig. 1(b)). The area is 590,500 km2, accounting 
for about 6% of China’s land area. The resident population 
was 330 million in 2014, accounting for 25% of the total 
population in China. Moreover, this area is one of the most 
economically developed regions in China with GDP of 
¥25,470 billion in 2014, accounting for about 40% of the 
nation’s GDP. This region also has one of the largest 
emissions of air pollutants in China (Zhang et al., 2009; 
Liu et al., 2015). 
 
Data 

The data used in this study include PM2.5 measurements 
and meteorological fields. Hourly PM2.5 observation data of 
647 stations in China during 1 December 2013 to 28 
February 2014 were used in this study, obtained from the 
website of the China National Environmental Monitoring 
Center (http://106.37.208.233:20035/). Meteorological fields 
of NCEP FNL (Final) Operational Global Analysis data 
(http://rda.ucar.edu/datasets/ds083.2/) during the same period 
were also used, with a horizontal resolution of 1.0° × 1.0° 
and time interval of 6 h. 

Before using the PM2.5 data, we carried out a strict quality 
control and conducted a series of preprocessing on the data. 
First, PM2.5 records at each station were carefully checked, 
and all abnormal values were removed, which included 
those > 1200 or < 3 µg m–3, and those greater/less than its 
adjacent hours’ values for four times. Then, daily PM2.5 
concentrations of all cities were calculated by averaging 
the hourly concentrations of all stations located in each 
city. It should be noted that for each day, only stations with 
available records > 16 h were used in this calculation. Finally, 
the ordinary kriging (OK) method was used to interpolate 
daily and urban mean PM2.5 concentrations into spatial 
fields. OK is one kriging interpolation method widely used 
to describe the spatial characteristics of environmental 
situations during recent decades. Among kriging procedures, 
OK is most commonly used for environmental pollution 
studies (Ross et al., 2007; Adhikari et al., 2009; Alcalá and 
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Fig. 1. Geographical positions of the study area in China (based on Google Earth). 

 

Custodio, 2015). In this study, we selected OK to convert 
point data into a planar distribution. 
 
RESULTS AND DISCUSSION 
 
Winter and Monthly Mean PM2.5 Concentrations 

The winter mean PM2.5 concentrations of all 114 monitoring 
cities of China in 2013 are shown in Fig. 2. The average 
concentrations over the whole country ranged from 27 µg m–3 
(Lhasa) to 249 µg m–3 (Xingtai). The ECPs are the most 
densely monitored for air quality and are also one of the most 
polluted areas in China. In the ECPs, the PM2.5 concentrations 
in most cities (87%) exceeded 75 µg m–3. Table 1 lists the 
number of cities and sites at different air pollution grades 
in the ECPs and in the whole country. Among the 114 
cities, 60% of those with PM2.5 > 75 µg m–3 were located in 
the ECPs, and for those with PM2.5 > 150 µg m–3, 71% 
were in the ECPs. 

In winter, the highest pollution area, with monthly mean 
PM2.5 > 150 µg m–3, was in southern Hebei and western 
Shandong Provinces (Fig. 3) because of very strong industry 
emissions in these areas (Wang et al., 2014c). The highest 
concentration was 249 µg m–3 in Xingtai, which is famous for 
its coal industry. Except for northwestern Hebei (Zhangjiakou) 
and some coastal cities like Yantai, Weihai, Wenzhou and 
Zhoushan, the winter mean PM2.5 concentrations over the 
ECPs all exceeded 75 µg m–3. 

In December, the heavy pollution areas (> 150 µg m–3) 
were not only located in BTH, but also included almost the 
whole ECP region. The PM2.5 concentrations in two-thirds 
of the whole ECP exceeded 150 µg m–3. Except for some 

coastal areas and northern Hebei Province, the mean PM2.5 

concentrations were basically > 115 µg m–3. During 
December–February, the PM2.5 concentrations over Shandong 
and its southern regions clearly decreased, but those over 
the northern BTH (including Beijing, Zhangjiakou, Chengde, 
Qinhuangdao and Tangshan) gradually increased. In southern 
Hebei, concentrations remained at a generally high level 
(> 200 µg m–3). In February, the PM2.5 concentrations in most 
of the YRD region were below 75 µg m–3, and those over 
the northern BTH exceeded 115 µg m–3. These variations 
may be related to changes in weather conditions, which are 
discussed in the next section. The continuous severe PM2.5 
pollution in southern Hebei Province indicates very strong 
air pollutant emissions in this area. 
 
Winter and Monthly Mean Weather Conditions 

Weather conditions play an important role in the formation 
and maintenance of air pollution episodes. Generally, wind 
speed and Planetary Boundary Layer (PBL) height are the 
main factors affecting the diffusion of air pollutants (Liu et 
al., 2013; Wang et al., 2014b; Liang et al., 2015). The 
winter and monthly mean Sea Level Pressure (SLP), PBL 
height and 10-m wind fields (Fig. 4) were used to investigate 
the impact of weather conditions on the distribution of 
PM2.5 concentrations over the ECP region. 

In winter, the ECPs were basically controlled by weak 
high-pressure systems. From north to south, the pressure 
gradients were very small, resulting in very low wind speeds 
over most ECPs, especially in Shandong and southern 
BTH. Concurrently, the mean PBL heights were also very 
low (< 400 m) over most of the ECP region. These indicate 
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Fig. 2. Average PM2.5 concentrations (µg m–3) in winter. 

 
Table 1. The number of cities and sites at different air pollution grades in the ECPs and the whole country. 

Concentration of PM2.5 

(µg m–3) 
ECPs The whole country ECPs/the whole country (%)

55 cities 265 sites 114 cities 647 sites cities sites 
0–35 (Grade I)* 0 (0%) 1 (0%) 2 (2%) 17 (3%) 0 6 
35–75 (Grade II)* 7 (13%) 22 (8%) 32 (28%) 161 (25%) 22 14 
75–115 (Grade III)* 23 (42%) 82 (31%) 43 (38%) 200 (31%) 53 41 
115–150 (Grade IV)* 13 (24%) 98 (37%) 20 (17%) 169 (26%) 65 58 
150–250 (Grade V)* 12 (22%) 52 (20%) 17 (15%) 90 (14%) 71 58 
250–500 (Grade VI)* 0 (0%) 10 (4%) 0 (0%) 10 (2%) – 100 

*the PM2.5 national ambient air quality standards in China are in Grades: I, excellent; II, good; III, light pollution; IV, 
medium pollution; V, heavy pollution; VI, severe pollution. 

 

stable mean weather conditions over the ECPs during winter. 
Wind speeds and PBL heights in Jiangsu, Shanghai and 
northern BTH were higher than those in other areas of the 
ECPs, such as Shandong and southern BTH; corresponding to 
moderate PM2.5 pollution in Jiangsu, Shanghai and northern 
BTH, and severe pollution in Shandong and southern BTH 
(Fig. 3). It should be noted that in Zhejiang Province, the 
wind speeds and PBL heights were also very low, but the 
PM2.5 pollution was moderate, because of relatively low 
emissions of air pollutants in Zhejiang. 

In December, there were large pressure gradients and 
strong northwest winds over the northern BTH, and very 
small pressure gradients and weak winds over the areas 

south of Beijing. Correspondingly, there were low PM2.5 
concentrations over the northern BTH and high concentrations 
over the areas south of Beijing. In January, the weather 
conditions were basically the same as those in December. 
The differences were that (1) wind directions over Jiangsu 
and Shanghai shifted from northwest to east and (2) wind 
speeds over the northern BTH decreased significantly. 
Accordingly, the PM2.5 concentrations over the northern 
BTH were much higher in January than in December, and 
the concentrations over Jiangsu and Shanghai were much 
lower than in December. It should be noted that in Zhejiang 
Province, weather conditions were much more stable in 
January than in December, but the PM2.5 concentrations  
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Fig. 3. Winter and its monthly mean PM2.5 concentrations (µg m–3) over the ECPs. 

 

were significantly lower in January than in December. These 
indicate that the high PM2.5 concentrations in December over 
northern Zhejiang Province were mainly transported from 
the northern ECPs, because northerly winds over the whole 
region in December could bring high levels of pollutants from 
the north to south; however, the easterly wind over Jiangsu 
and Shanghai in January obstructed transport from the 
north. In February, the pressure gradients, wind speeds and 
PBL heights over Shandong, Jiangsu, Shanghai and Zhejiang 
Provinces increased significantly, especially in Jiangsu. 
Correspondingly, the PM2.5 concentrations over these areas 
all decreased continuously (Fig. 3). However, the weather 
conditions in the BTH were still very stable. There was a 
weak high-pressure system over the BTH, with its center 
located near Beijing. Therefore, PM2.5 concentrations over 
the BTH remained very high. 
 

PM2.5 Concentrations and Weather Conditions under 
Different Pollution Situations 

We investigated the distributions of weather conditions 

and PM2.5 concentrations for severe and light pollution 
days in order to more closely examine their relationships 
over the ECPs. The severe pollution days were selected as 
those, except for very few cities (< 5), for which the daily 
mean PM2.5 concentrations all exceeded 115 µg m–3; and 
light pollution days were those, except for very few cities 
(< 3), for which concentrations were all below 75 µg m–3. 
There were six light pollution days of 21 January 2014; 3–
5 and 9–10 February 2014 and seventeen severe pollution 
days of 7–8 and 22–25 December 2013; 3, 5, 15–19 and 
30–31 January 2014; and 1–2 February 2014. Fig. 5 shows 
the average PM2.5 concentrations, weather fields on the 
ground level and at 500 hPa for the severe and light pollution 
days. 

For the light pollution days, there were significant pressure 
gradients from north to south, strong winds and high PBL 
heights over the whole ECP region at the ground level. At 
500 hPa, there was a deep trough over East Asia with the 
trough line starting from the Russian Far East, passing 
through the Japan Sea and ending near Taiwan Island. A  
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Fig. 4. Winter and its monthly mean weather conditions (shaded: PBL height, unit: m; vector: wind field at 10 m, unit: m s–1; 
contour: SLP, unit: hPa). 

 

strong northwesterly airflow occurred from Siberia to eastern 
China, indicating a strong cold front passing through the 
ECPs, which could push away the air pollutants, 
corresponding to clear air (light pollution) in this situation. 

In contrast, for the severe pollution days, except for 
north Hebei Province, the whole ECP region was dominated 
by a basically uniform pressure field, resulting in calm 
conditions and very low PBL heights (< 300 m) over ECPs. 
For 500 hPa, the isoheights were basically straight, and the 
airflows were in the latitudinal direction. This situation was 
similar to that found by Wang et al. (2014a). This weather 
condition resulted in a typical static and steady spatial 
pattern in the ECPs especially south of 41°N, which was very 
disadvantageous to transport and diffusion of air pollutants, 

resulting in severe PM pollution over the whole region. 
 

Regression Analysis 
As shown previously, there were strong relationships 

between the PM2.5 concentrations and weather conditions 
(i.e., wind speed and PBL height) over ECPs. We used 
multivariate regression analysis to quantify the relationships, 
with the underlying assumption that the emission intensity 
remained the same during the regression period. The 
regression analysis was done in three schemes. In Scheme 1, 
we treated the ECPs as a whole. In Scheme 2, ECPs were 
divided into five groups (Fig. 6(a)): BTH (including Beijing, 
Tianjin and Hebei Province), SHANDONG (Shandong 
Province), SUBEI (Northern Jiangsu Province), YRD  
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 (a)  

 (b)  

 (c)  

Fig. 5. Mean (a) PM2.5 concentrations (µg m–3), (b) surface weather fields (shaded: PBL height, unit: m; vector: wind field 
at 10 m, unit: m s–1; contour: SLP, unit: hPa) and (c) weather situations at 500 hPa (contour: geopotential height, unit: gpm; 
vector: wind field, unit: m s–1) over the ECPs for light and severe pollution days. 

Light Severe 

Light Severe 
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(a)       (b)  

Fig. 6. Partitioning schemes. 

 

(including southern Jiangsu Province, northern Zhejiang 
Province and Shanghai) and ZHENAN (southern Zhejiang 
Province). Scheme 3 was based on the demarcation line of 
China’s climate, i.e., Qinling-huaihe line (National 
Meteorological Administration, 1979, 1994, 2002), and the 
ECP region was divided into NORTH and SOUTH 
(Fig. 6(b)). 

The mean concentrations and mean weather conditions 
for each area and each day were calculated during winter. 
Moreover, to avoid negative concentrations appearing in the 
regressions, the natural logarithms of the mean concentrations 
and mean weather conditions were calculated before 
establishing the statistical models (Wang et al. 2009). 
Finally, six statistical models (MODEL1–MODEL6) were 
established for each area. For MODEL1, the mean 
concentrations and weather conditions on the same day 
were used in the multivariate regression analysis. For 
MODEL2–MODEL5, the times of the mean weather 
conditions were 6, 12, 18 and 24 h ahead of the mean 
concentrations, respectively. For example, for MODEL2, 
the daily concentrations was averaged from 00:00 (LST) to 
23:00 (LST) every day, and the daily weather conditions 
were averaged from 18:00 (LST) on the day before to 
17:00 (LST) on every day. For MODEL6, the mean weather 
conditions were calculated over two days – the day before 
and the day of the mean concentrations. The regression 
functions were represented as Eq. (1): 
 

   10ln ln
2.5PM height ma b PBL c windspeed

e
   

  (1) 

 
where a–c are the coefficients of the regression for each 
area. Table 2 lists a–c of the regression for each area, and 
Table 3 lists the correlation coefficients (R) of each 
regression. 

The values of R for MODEL1 were all lower than for 

the other models for each area, indicating better relationships 
between PM2.5 concentrations and the weather conditions 
over a certain period prior to the pollution event, and that 
the changes in PM2.5 concentrations lagged behind the 
variations of weather conditions over the ECP region. These 
findings are consistent with the result of Che et al. (2014), 
who found a better correlation between the previous day’s 
wind speeds and the current day’s PM2.5 concentrations. 
Generally the rise/drop of PM2.5 concentrations will not 
occur immediately when wind speed decreases/increases, 
but requires a period of time for accumulation/dispersion. 
Except for ZHENAN, MODEL3 and MODEL4 had the 
highest values for R for all areas, suggesting that the changes 
of mean PM2.5 concentrations over the ECP region lagged 
behind the variations of weather conditions by about 12–18 h. 
For the whole ECP region mean, MODEL3 had the highest 
R of 0.84, indicating that the variations weather conditions 
could explain about 71% (R2) of the overall changes of PM2.5 
concentrations in the ECP region. For different regions, this 
contribution is different. In ZHENAN, this contribution is 
14%, while both in BTH and SHANGDONG, this value is 
61% (see Table 3). Therefore, for different regions in ECPs, 
the variation of weather conditions could explain 14–71% 
the changes of PM2.5 concentrations. Similar expressions 
could also be found in Tai et al. (2010), Xiao et al. (2011) 
and Juneng et al. (2011). Thus, the overall regional PM2.5 
pollution in the ECPs was dominated by weather conditions. 
Among sub-regions of the ECPs, there were better 
correlations in the north including BTH, SHANGDONG 
and SUBEI than in the south (i.e., YRD and ZHENAN). 
This could be explained by very high emissions in the 
north, resulting in increased pollution with stable weather 
conditions; however, in the south, emissions were moderate 
or low (Zhang et al., 2009) and high PM2.5 concentrations 
in these areas were mostly transported from the north, 
consistent with the findings in the previous section. The  
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Table 2. Coefficients of the multivariate regression analysis for each area. 

Partitioning scheme Coefficient 
MODEL1 
Same day 

MODEL2 
–6 h 

MODEL3 
–12 h 

MODEL4 
–18 h 

MODEL5 
–24 h 

MODEL6 
2 days mean 

ECPs a 10.57 10.70 10.72 9.96 9.20 11.33 
b –0.92 –0.92 –0.83 –0.67 –0.54 –0.91 
c –0.33 –0.46 –0.94 –1.11 –1.11 –1.07 

BTH a 9.89 10.14 10.25 9.62 9.13 10.94 
b –0.86 –0.86 –0.85 –0.70 –0.62 –0.95 
c –0.17 –0.39 –0.55 –0.78 –0.77 –0.66 

SHANDONG a 10.87 11.08 11.35 10.77 9.69 12.11 
b –1.04 –1.05 –1.013 –0.89 –0.71 –1.13 
c 0.05 –0.10 –0.51 –0.66 –0.66 –0.58 

SUBEI a 10.00 10.46 12.02 11.53 10.65 12.43 
b –0.91 –0.97 –1.21 –1.11 –0.97 –1.25 
c –0.04 –0.11 –0.26 –0.32 –0.31 –0.39 

YRD a 7.99 8.92 8.41 8.82 8.14 9.27 
b –0.46 –0.60 –0.44 –0.51 –0.43 –0.52 
c –0.66 –0.70 –1.09 –1.09 –0.91 –1.37 

ZHENAN a 5.32 5.22 3.77 3.49 2.64 4.06 
b –0.04 –0.01 0.29 0.34 0.54 0.28 
c –0.74 –0.85 –1.14 –1.20 –1.52 –1.41 

NORTH a 10.27 10.53 11.68 11.26 10.42 12.20 
b –0.96 –0.99 –1.139 –1.05 –0.90 –1.21 
c 0.07 –0.05 –0.27 –0.38 –0.40 –0.39 

SOUTH a 10.11 10.65 10.96 10.54 10.26 11.80 
b –0.83 –0.90 –0.90 –0.83 –0.80 –1.00 
c –0.52 –0.61 –0.88 –0.93 –0.83 –1.10 

 

Table 3. Correlation coefficients of the multivariate regression analysis for each area. 

Partitioning scheme 
MODEL1 
Same day 

MODEL2 
–6 h 

MODEL3 
–12 h 

MODEL4 
–18 h 

MODEL5 
–24 h 

MODEL6 
2 days mean 

ECPs 0.70 0.76 0.84 0.83 0.78 0.85 
BTH 0.62 0.73 0.78 0.78 0.72 0.77 
SHANDONG 0.62 0.69 0.78 0.78 0.71 0.79 
SUBEI 0.57 0.65 0.79 0.79 0.72 0.77 
YRD 0.53 0.62 0.70 0.69 0.64 0.71 
ZHENAN 0.32 0.34 0.37 0.39 0.45 0.42 
NORTH 0.61 0.70 0.83 0.84 0.78 0.83 
SOUTH 0.61 0.71 0.78 0.77 0.73 0.79 

 

highest values of R (MODEL3) in BTH, SHANGDONG, 
SUBEI and YRD were 0.78, 0.78, 0.79 and 0.70, respectively, 
suggesting that the variations in weather conditions 
respectively explain about 61%, 61%, 62% and 49% of the 
changes in PM2.5 concentrations for these areas. Moreover, 
the values of R for MODEL6 were very close to those of 
MODEL3 and MODEL4 in all regions except ZHENAN. 
These indicated that, except for ZHENAN, the regional PM2.5 
pollution was basically dominated by weather conditions in 
the ECP region. Therefore, MODEL3 and MODEL6 could 
be used to forecast the regional PM2.5 concentrations for 
each area (Table 3). 

Overall, there was very good consistency between observed 
and regressed PM2.5 concentrations for the time series 
using MODEL 1, MODEL3 and MODEL6 in the ECP, 
BTH and YRD regions during winter (Fig. 7). However, 
when the observed values exceeded 200 µg m–3, the statistical 

models usually underestimated the concentrations, especially 
for MODEL1. These underestimations during severe pollution 
episodes may be mainly attributed to two factors not 
considered in the statistical models. The first factor is 
multi-day pollution accumulation; for example, during 21–
25 December 2013, there was a severe PM2.5 pollution 
episode over all ECPs, with the observed mean concentrations 
gradually increasing from 21 December and reaching a 
peak exceeding 270 µg m–3 on 25 December; however, the 
peak for MODEL1 was on 22 December at about 150 µg m–3 
and those for MODEL3 and MODEL6 were on 22 December 
with concentrations of about 220 µg m–3. It is clear that 
multi-day pollution accumulation was very important in 
this episode. The second factor is regional transport. For 
instance, severe PM pollution in YRD during 1–7 December 
was the result of stable weather conditions and regional 
transport from northern areas of ECPs, which was indicated  
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Fig. 7. Daily mean observed (µg m–3, black line with dots) and MODEL1 (red), MODEL3 (olive) and MODEL6 (blue) 
regressed (µg m–3, colored lines with dots) PM2.5 concentrations in the ECP, BTH and YRD regions. 

 

by the day-to-day PM2.5 distributions and weather charts 
(images not shown). Overall, when PM pollution was light 
or moderate, the variations in PM2.5 concentrations were 
dominated by variations in wind speeds and PBL heights; 
however, during the severe pollution period, the mechanisms 
were much more complex. In the northern areas of ECPs, 
such as BTH, the multi-day accumulation must be considered; 
and in the YRD region, regional transport must be taken in 
account when establishing a statistical model. In addition, 
feedback between PM2.5 concentrations and weather 
conditions may also play an important role during severe 
PM episodes (Ding et al., 2013). 
 
SUMMARY AND CONCLUSIONS 
 

We provided an overview of the PM2.5 pollution in the 
ECPs of China, investigated correlations with meteorological 
conditions and established a series of regression models 
between the variations in PM2.5 concentrations and weather 
conditions during winter in 2013. We found the following: 

(1) The PM2.5 pollution not only occurred in the 
traditional regions of attention (i.e., YRD and BTH) but 
also in the whole ECP area. The most polluted areas were 
in the southwest of Hebei and the west of Shandong 
Provinces. There was a decreasing trend for PM2.5 pollution 
in most areas during December–February, especially in the 
YRD region. 

(2) There were strong relationships between PM2.5 
concentrations and weather conditions. Stable weather 

conditions (i.e., uniform pressure field, weak wind and low 
PBL) played an important role in severe PM pollution. 

(3) On the regional scale, the variations of weather 
conditions explained about 71% of the overall changes of 
PM2.5 concentrations in the ECP region, and the changes in 
PM2.5 concentrations generally lagged behind the variations 
in weather conditions by about 12–18 h. 
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