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Abstract. Using the conventional meteorological observations, the air Air quality monitoring data, the L-
band wind-profiling radar data, the NECP reanalysis data, and the simulation results of the HYSPLIT4 
model, the compound pollution process from November 2 to 5, 2017 in Changsha is comprehensively 
analyzed in this study, including the sources and transport paths of pollutions, the Meteorological conditions 
and atmospheric boundary layer characteristics. The results showed that the process of air pollution in 
Changsha is a compound pollution process with high concentration of O3 and fine PM2.5 coexisting. It 
reached serious pollution from 08:00 to 11 : 00 on 4, PM2.5 was 269.3 ug·m-3 at 09:00 on 4 November. The 
characteristics of the two phases of this pollution process were clearly different. The first phase was mainly 
result of accumulation of local pollutants, and the second one was mainly result of outside resource. The 
maximum wind were light breezein on this pollution process, gentle breeze mainly occurred in the second 
stage of pollution, and the maximum wind velocity was 4.4m/s. It appearred multi-layer inversion usually, 
temperature stratification was stabled, and the inversion layer thickness reached the maximum value 909m 
at 20:00 on 3  November. The boundary layer convergenced and ascented movement, horizontal transport, 
vertical wind field distribution and atmospheric layer provided the favorable conditions for the air pollution 
process. The results showed that short-range transport of pollutants is the maily reason based on the 
HYSPLIT4 model, the northeast airflow was dominant at 100-1000m height. The vary of wind profile data 
and CO and SO2 emission ratio showed that the different pollution characteristics of two phases, the 
maximum ratio was more than 100. It has an important indicator for weather forecast in Changsha.  

1 Introduction 
With the rapid growth of GDP leading by automation 
industry in the central and eastern regions of China in 
recent years, heavy pollution processes occurred 
frequently, and the situation of atmospheric pollution 
prevention and control is becoming more and more 
serious[1].The aerosol pollution is seriously in urban 
agglomerations such as Yangtze River Delta and Pearl 
River Delta , and haze weather is increasing[2-3].To 
analyze the relationship between atmospheric quality and 
meteorological conditions in big and medium-sized cities 
in China has become an important content of air pollution 
research[4-6]. Such as Xu Xiang de[7] analyses the 
characteristics of atmospheric pollution sources in urban 
communities, shows that the contribution rates of 
different emission sources causing atmospheric pollution 
are different in winter and summer. Davis et at [8] found 
that the large-scale circulation characteristics and local 
meteorological factors played a decisive role in the heavy 
pollution process. It shows that the local atmospheric 
factors and the pollutants of long-distance transportation 
by straw burning, and causes heavy pollution [9-11]. In 
addition, with the study of multiple regions found [12-

13]atmospheric quality is closely related to 
meteorological factors, such as wind, rainfall, relative 
humidity and temperature have certain influence on the 
diurnal variation of pollutant concentration. 

It was the first heavy pollution process after entering 
the special protection period during November 2-5, 2017 
in Changsha. The primary pollutants are high 
concentration of ozone and PM2.5, which was 35 days 
earlier than 2016 and 39 days earlier than 2015.This 
paper makes a detailed analysis of the composite 
pollution process from the characteristics of pollutant 
concentration change and meteorological factors, local 
source change and external source trace of pollutants, and 
finds out the reasons for the formation of heavy pollution 
weather process earlier than the same period in previous 
years, to provide technical reference for the composite 
pollution process forecast in the future.  

2 Materials and methods 
Meteorological data are derived from surface and high 
altitude observation data in Micaps format of China 
Meteorological Administration, and pollutant 
concentration data are derived from atmospheric quality 
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automatic monitoring station data of Hunan 
Environmental Monitoring Center.Wind profile data from 
Changsha Observatory (station number : 57687, position : 
28.10°N, 112.78°E) L band boundary layer wind profile 
radar data, observation field elevation 119m. It can 
provide a set of detection data every 6 minutes. The 
vertical resolution is 120m below 2000m and 240m 
above 2000m. The backward trajectory is calculated 
using the Global Data Assimilation System (GDAS) data 
from the National Oceanic and Atmospheric 
Administration (NOAA). The HYSPLIT4 trajectory 
model of NOAA is mainly used for trajectory calculation. 
This model can deal with different types of 
meteorological fields. It is a hybrid calculation model 
based on Eulerian and Lagrangian. Because it can 
calculate different types of emission sources, it is widely 
used in atmospheric pollutant transport research [14]. 

3 The Characteristics of pollution 
process 
The heavy pollution process occurred in eastern Hunan 
from November 2 to 5, 2017. Changsha was one of the 
most polluted areas, and the daily value of AQI was the 
highest in Hunan.  

From figure 1, PM2.5 is the primary pollutant in this 
pollution process, and the average mass concentration has 
two peaks. According to the concentration change, the 
pollution process is divided into two stages. The first 
stage was from 02:00 on 2 to 20:00 on 3 November. AQI 
reached the level of heavy pollution with consecutive 16 
hours in Changsha. PM2.5 reached the first peak at 02:00 
on 3, which was 234.2 ug·m-3. It decreased significantly 
at 10:00 on 3, and was less than 100 ug·m-3 with 
consecutive 5 hours. The second stage was from 03:00 on 
4 to 02:00 on 5, the heavy pollution concentration was 
above 18 hours consecutively, reached serious pollution 
from 08:00 to 11 : 00 on 4, PM2.5 was 269.3 ug·m-3 at 
09:00 on 4, reached the second peak. It decreased below 
100 ug·m-3 at 03:00 on 5 November, and the pollution 
process ended. 

The variation curve of PM10 in this pollution process 
was similar to that of PM2.5, and there was correlation 
highly. The O3 concentration reached 2 to 3 pollution 
levels, showing three peaks. The two turning points of O3 
concentration from rising to falling occurred in the first 
stage of PM2.5 concentration surge stage [15]. Because 
pollutants can weak visibility and UV radiation, O3 
concentration began to decline, indicating that the early 
stage of the pollution process was a typic al compound 
pollution. The curve of CO concentration is similar to 
PM2.5 and has highly correlation. NO2 and SO2 reached 
concentrations peak only one time, which occurred before 
the peak of PM2.5.  

 

Fig. 1. Changes in concentrations of PM2.5 and other pollutants 
in Changsha from 02:00 on 2 to 08:00 on 5 November 

4 Analysis on formation mechanism of 
pollution process 

4.1 Circulation background 

The weather situation determines the distribution and 
distribution of meteorological elements macroscopically 
change, affect the stability of the atmosphere[16]. The 
compound pollution process occurred earlier in Changsha, 
had different pollution characteristics at different stages. 
The analysis of circulation background shows that the 
meridional circulation is dominant in themiddle and high 
latitudes on 500hPa before pollution. The blocking high 
over the Ural Mountains was established on 31 October 
and maintained for more than 3 days, with branches and 
junctions exceeding 30-40 longitudes. Transverse trough 
was from River oxbow to Northeast China, and the South 
of the Changjiang River is uniform pressure field at 08:00 
on 2 November. The blocking high over the Ural 
Mountains collapsed,  transverse trough turned to vertical, 
the southerly cold air was guided by northeast cold vortex 
at 08:00 on 3 November. The center of ground cold high 
pressure reached 1037.5hPa, cold air moved southward 
by the northward path, pressure gradient increased 
significantly. The cold air arrived quickly crossing 
nanling moutains to northern of Guangdong and Guangxi 
in the evening on 3 November, the moving speed was 
over 10 latitudes one day. The cold air maily moved 
southward, sea level pressure rised rapidly. Pollutants of 
upstream area tramsmitted to changsha by cold air. On 
5th, the northward wind strengthened the horizontal 
diffusion of pollutants and damaged the stable 
stratification, the pollution process ended (figure not 
shown). 

4.2 Meteorological characteristics analysis of 
combined pollution process 

4.2.1 Visibility and relative humidity 

The correlation coefficient between AQI and PM2.5 was 
0.996 in this pollution process, showing a significant 
positive correlation and consistent variation trend. 
Therefore, the PM2.5 concentration of the primary 
pollutant was selected to analyze its correlation with 
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meteorological factors. First, comparing and analyzing 
the variation trends of visibility and relative humidity 
with PM2.5 concentration (figure not shown). In the first 
stage, the correlation coefficient between PM2.5 and 
visibility was 0.2, showing a weak positive correlation, 
which was different from the high positive correlation 
between PM2.5 and visibility in many typical heavy 
pollution processes. In the second stage, the correlation 
coefficient between PM2.5 and visibility was -0.64, 
showing a significant negative correlation. In the first 
stage, with the emergence of the first peak of PM2.5, the 
peak of visibility (VV>10km) appeared subsequently. It 
showed that before the advent of cold air, the ground 
temperature increased, and the solar radiation increased, 
which increased the concentration of O3, thus showing 
the characteristics of compound pollution. 

In the second stage, visibility was low. When the 
concentration of PM2.5 reached serious pollution, 
visibility is less than 5 km. The suspension of fine 
particles reduced visibility, and its pollution 
characteristics conformed to the characteristics of typical 
heavy pollution processes. 

The correlation coefficient between PM2.5 and relative 
humidity was 0.21 in the two stages of the pollution 
process, showing a positive correlation. The hygroscopic 
increase of pollutants was clearly. High relative humidity 
is conducive to the secondary transformation of gaseous 
pollutants to particulate pollutants [17]. The peak of 
relative humidity was ahead of the two peaks of PM2.5, 
indicating that Baik pointed the water-soluble compounds 
in PM2.5 had high hygroscopicity [18], and their content 
and particle size would increase with the increase of 
relative humidity. 

4.2.2 Horizontal winds 

The near-surface wind field determined the horizontal 
diffusion capacity of pollutants in the boundary layer, and 
the wind direction and frequency affected the 
transmission direction and diffusion pathes of pollutants. 
From the analysis by Fig.2 (a), it showed that the the 
maximum wind were light breezein this pollution process, 
accounting for 60.7% at 1.6-3.3m/s, accounting for 
22.8% at 0.3-1.5m/s (light air), 16.5% at 3.4-5.4m/s 
(gentle breeze). Smaller near-surface wind velocity was 
not conducive to the diffusion and transport of pollutants, 
so that the concentration maintained a high level. Gentle 
breeze mainly occurred in the second stage of pollution, 
and the maximum wind velocity was 4.4 m/s. From the 
analysis by Fig.2 (b), it showed that the dominant wind 
direction was NNW in Changsha, accounting for 25.3%, 
accounting for 16.4% at N, and there was no southerly 
wind direction during the pollution period. It showed that 
the transmission characteristics of the pollution process 
were obviously. In the second stage, when the main body 
of cold air was southward, the topography of three 
mountains and northward openings was conducive to the 
rapid transportation of pollutants in the upper reaches of 
the northerly wind direction in Hunan. Changsha is 
located in the eastern plain of Hunan. After the 
establishment of the transmission path, the concentration 

of PM2.5 pollutants had increased to more than 300 ug·m-3, 
then there was a heavy pollution peak. 
 

 
 
Fig. 2. Wind velocity scatter plots(a) and wind direction rose 
map (b) in Changsha from 02:00 on 2 to 08:00 on 5 November 

4.2.3 Dynamic mechanism 

Analyzing the vertical velocity of heavy pollution period, 
sinking motion was dominated in the first stage of heavy 
pollution. The sinking temperature increased the 
concentration of O3 on the one hand, and the pollutants 
accumulated in the boundary layer on the other hand. By 
14:00 on 3th November, a negative velocity center 
appeared near the ground below 1000m, and there was a 
weak convergence ascending motion. Due to the small 
wind speed, the pollutants gradually accumulated. Until 
to 4:20(Fig. 3), the vertical velocity center expanded to 
more than 1500m, the atmospheric turbulence movement 
strengthened, the upper and lower exchange capacity 
strengthened, and the pollutants gradually diffused and 
diluted. 

 

Fig. 3. Vertical velocity height-time sequence diagram in 
Changsha (a: from 16:00 on 2 to 23:00 on 3 November, b:from 
18:00 on 4 to 16:00 on 6 November,) 
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4.2.4 Thermodynamics mechanism 

Usually the inversion in the atmospheric boundary layer 
had a great influence on the diffusion of near-surface 
pollutants [19]. The warm and dry cover wasn’t 
conducive to the turbulent motion and heat transfer in the 
vertical direction of the atmosphere. When the inversion 
was generated, the turbulent motion was suppressed and 
the atmospheric diffusion ability was weakened. 
Grounding inversion layer usually had an inhibitory 
effect on air convection, which was conducive to the 
emergence of haze weather [20].  

Table 1. Table of inverse Temperature Indicators for Changsha 
from 02:00 on 2 to 20:00 on 4 November 

 0208 0220 0308 0320 0408 0420 

multiple 
layer 
inversion 

Yes  — Yes   Yes  Yes  

inversion 
thickness 

339 117 144 909 675 198 

inversion 
intensity 

1.76 0 2.08 0.44 0.14 2.52 

top height 
of ground 
inversion 

345 120 120 — — — 

 
The effects of inversion layer thickness, inversion 

layer bottom and inversion intensity variation trend on 
pollution process were selected. In this paper, the 
inversion below 500m was defined as the ground 
inversion. The thickness of the inversion layer was the 
height difference between the two inversion layers. The 
thickness formula: Th=H1-H2. The intensity of the 
inversion layer referred to the change of temperature with 
the height increasing by 100m. From 20:00 on 2 to 08:00 
on 5, the distribution charactics of inversion layer were 
less cloudy in the morning of 2nd, the surface radiation 
cooling was obvious in Changsha, the thickness of 
inversion layer increased and the intensity strengthened, 
and weakened at 08:00 on 3, and reached the maximum 
value  909m at 20:00 on 3  November (Table. 1 ). On the 
first stage, the concentration of PM2.5 increased sharply to 
more than 230ug·m-3 at 02:00 on 3 November, and the 
first heavy pollution peak appeared below 100m. The 
inversion thickness was 144m, and the inversion intensity 
was 2.08 ℃ /100m, indicating that the thicker the 
inversion thickness was, the stronger the intensity was, 
and the higher the pollutant concentration was. The 
minimum inversion layer height was below 120m, most 
times below 1000m, which was very conducive to the 
accumulation of pollutants near the ground. In the second 
stage, the duration of heavy pollution was longer and the 
mass concentration was higher. The PM2.5 concentration 
exceeded 250ug·m-3 for four consecutive times from 
08:00 to 11:00 on 4 November. The process of heavy 
pollution appearred multi-layer inversion usually, 
temperature stratification was stable, vertical diffusion 
movement was blocked, conducive to the accumulation 
of pollutants. When cold air affected Changsha, the 
ground inversion disappeared. 

5 The analysis of pollutants Source 

5.1 Vertical wind profile 

Analyzing the vertical wind profile of the first stage of 
the pollution process (Fig 4), there was an inclined weak 
wind speed zone between 300-900m from 02:00 to 10:00 
on 3, and the wind velocity was between 0-2m/s, 
indicating that there was a significant conversion zone of 
wind direction, when the cold air front arrived, and the 
concentration of PM2.5 appeared the first peak. It showed 
that the near-surface weak breeze before the cold air front 
was not conducive to the diffusion of pollutants in the 
early hygroscopic growth, which aggravated air pollution. 
After 10:00 the wind velocity increased,through all of 
layeres, was between 6-8m/s below 1000m, and turned to 
a significant northeasterly wind, which was conducive to 
the transport of pollutants in the upstream region with the 
northeasterly airflow. From 20:00 on 4, as the wind 
direction below 1000m changed from northeast to 
northwest wind, the wind direction obviously rotated 
counterclockwise with the height, and the cold advection 
quickly descended. The ground wind increased to about 8 
m/s, and the PM2.5 concentration decreased significantly, 
and the pollution process tended to end. It showed that 
external sources were important in heavy pollution 
weather in Changsha. 

 
Fig. 4. Time-height sequence diagram of wind profile in 
Changsha ( a, from 16:00 on 2 to 23 : 00 on 3;  b: 18:00 on 4 to 
16:00 on 6 November ) 
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5.2 Emission changes of pollutants 

In a special period, the contribution of urban sources to 
atmospheric particulate matter and gaseous pollutants 
were relatively stable. For urban atmospheric pollution 
sources, the emission charactics of PM2.5, CO and SO2 
were similar, and their concentrations were significantly 
positively correlated. The change of CO and SO2 
concentration was very sensitive to straw burning, 
CO/SO2 ratio was used to reflect the pollution of straw 
combustion. There were two peaks of CO/SO2 ratio in 
this combined pollution process (Fig. 5). Especially in the 
second stage, it began to gradually climb from 02:00 on 4 
November, and there was an upward period of more than 
10 hours, with the maximum ratio of more than 100. 
Combining with the fire data of Hunan, there were fires 
in the central and eastern regions, indicating that the local 
straw burning pollutants were an important reason for the 
aggravation of air pollution in this stage.  
 

 

Fig. 5. Variation curve of CO / SO2 ratio in Changsha 

5.3 The analysis of backward trajectory  

The transportation of exogenous pollution plays a 
decisive role in the pollution process [21]. The backward 
trajectory model (HYSPLIT4) was used to analyze the 
pollutant source and transportation trajectory of the 
compound pollution process in Changsha. Simulating the 
backward airflow trajectory of 48h at 02:00 on 3 and 
08:00 on 4 November (Fig. 6), showed that the northeast 
airflow was dominant at 100-1000m height, and the air 
mass basically did not decrease at 1000m, while the air 
mass originated in Wuhan at 500m and 100m. The first 
peak of AQI reached 203 at 10:00 and the second peak 
reached 270 at 22:00 on 3 November, two pollution peaks 
followed in Changsha. The 500m and 100m backward 
trajectories showed that the air mass had been moving 
near the ground, and the pollutants carried from Wuhan 
had a direct impact on Changsha. It showed that this 
pollution process was an atmospheric pollution process 
dominated by ultra-short-range exogenous input and 
superimposed by pollutants such as local straw 
combustion.  

 
Fig. 6.  48h backward trajectory simulation in Changsha 
 ( a,  02:00 on 3 November ;  b, 08:00 on 4 November) 

6 Conclusions and discussion 
1. The air pollution process in Changsha was a complex 
pollution process. In the first stage, the peak 
concentration of pollutants was mainly affected by local 
pollutant agglomeration and moisture absorption growth. 
In the second stage, the severe pollution was mainly 
dominated by the southward transmission of northern 
cold air. It reached serious pollution from 08:00 to 11 : 00 on 4, 
PM2.5 was 269.3 ug·m-3 at 09:00 on 4 November. 
2. The charactics of the first stage of pollution was 
compound pollution, and the charactics of the second 
stage was typical pollution. Many pollutants were 
accumulated locally through weak subsidence and 
convergence upward movement in the middle and low 
altitudes of this pollution process, and they were mainly 
affected by upstream transmission and transported to 
Changsha in the later stage. 
3. In the process of pollution, there was a continuous 
occurrence of thick inversion on the ground, which 
caused the accumulation of pollutant particles and the 
diffusion ability of air pollution decreased significantly. 
There a multi-period and multi-layer inversion, and there 
was a stable temperature stratification, which blocked the 
vertical diffusion movement and aggravated the air 
pollution situation. Therefore, the application of inverse 
temperature indicators had a good effect on the thermal 
condition diagnosis of pollutant accumulation. 
4. The weak wind velocity band in the boundary layer 
indicated that there was a significant conversion band of 
wind direction, which was conducive to the local 
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accumulation of pollutants. When the wind velocity 
increased and the turbulent diffusion ability strengthened, 
the pollutants gradually dissipated. The maximum wind 
were light breezein on this pollution process, gentle breeze 
mainly occurred in the second stage of pollution, and the 
maximum wind velocity was 4.4m/s. It appearred multi-layer 
inversion usually, temperature stratification was stabled, and the 
inversion layer thickness reached the maximum value 909m at 
20:00 on 3 November.The change of CO/SO2 ratio reflected 
how is the straw burning, which can be used as a direct 
reference index for environmental prediction, the 
maximum ratio was more than 100. 
5. Analyzing backward trajectory, showed that the short-
range transport of pollutants from the upstream region 
was very important in this compound pollution process of 
Changsha, the northeast airflow was dominant at 100-1000m 
height. 
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