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Severe air pollution is a serious threat to public health in the Yangtze River Delta region, where high
concentrations of particulate matter are often observed in winter. In the present study, a serious aerosol pol-
lution incident in the western Yangtze River Delta, China, was investigated by using joint inversion of
CALIPSO and ground-based lidar in Hefei during 17-22 January, 2019. The data of the past two years were
used in this study, and four typical weather cases were selected for comparative verification—namely, fine
weather (less cloud, good air); cloudy weather (good air, no haze); moderate pollution weather (moderate
haze, no cloud); and severe pollution weather (heavy haze, cloud). The vertical profile of aerosol backscat-
ter as the satellite passed through Hefei city was given by the data of the CALIPSO satellite-borne lidar,
CALIOP, which was compared with the vertical distribution of the range-corrected signal of ground-based
lidar. Combined with analysis of meteorological data, the results showed that satellite—ground lidar can be
used to observe the effect of aerosol changes on weather effectively. Subsequent experiments observed and
tracked severely polluted weather event, and the data on the aerosol boundary layer was obtained which
was a severe trans-boundary air pollution. The serious pollution period occurred from 22:00 to 04:00 on
January 19 to 20, 2019, when the aerosol boundary layer was at its lowest (less than 0.5 km) and the bound-
ary layer height ranged from 0.5 km to 2.2 km in other periods. Then, based on analysis of near-surface da-
ta, the changes in the boundary layer during the pollution process and the possible causes of these changes
were analyzed. It was concluded that, during the pollution process, the height of the aerosol boundary layer
in the Hefei area showed an obvious negative correlation with the concentration of PM: 5. Finally, HYSPLIT
results showed that the source of pollution weather was mainly aerosol particles blown from the north. The
results of this study provide a basis for satellite- and ground-based lidar joint observation under different
weather types, as well as help in the study of urban weather change and pollution prevention.

Keywords: CALIPSO, Raman—Mie lidar, air pollution, aerosol boundary layer.

OBHAPYXEHMUE C IOMOLIIbIO KOCMUYECKHUX U HASEMHBIX JINJIAPHBIX
HABJIOJIEHUM 3ATPISHEHUA BO3YXA

Hao Yang >3, Zh. Fang >3, X. Deng >3, Y. Cao >3, Ch. Xie 13"

VIK 551.510.42

I Anvxotickuii uncmumym onmuxu u moyHol MexaHuxu

Kumaiickoii akademuu Hayx, Xagaii 230031, Kumaii, e-mail: cbxie@aiofm.ac.cn

2 Vuusepcumem nayxu u mexnuxu Kumas, Xogo1i 230026, Kumaii

3 Jlabopamopus nepedosuix nazepuvlx mexronoauii nposunyuu Anvxotl, Xaghoti 230037, Kumaii

(Ilocmynuna 11 oexabps 2020)
CunvbHoe 3azpsasnenue 6030yxa npedcmagisiem coboili cepbe3Hyio yepo3y 015 300p08bs HacereHus. Inu-

300 C A9PO30JbHBIM 3a2PA3HEHUEM 6 3anadHou yacmu oervmoul pexu Anysvr (Kumait) paccmompen ¢ nomo-
wvio cosmecmuotl ungepcuu CALIPSO u nazemuozo audapa 8 2opode Xaghse 6 nepuoo 17—22 sneaps 2019 e.
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U3 dannwix 3a nocreouue 08a 200a 015 CPAGHUMENbHOU NPOBEPKU 8bIOPAHDL Yemblpe MUNUYHBIX NO20OHbIX
cayyas: xopoulas no2o0a (MeHbuie 0OIAUHOCMU, XOPOWUL 8030YX); NACMYPHAS (XOPOWULl 8030YX, OMCYM-
cmeue ObIMKU); YMePEeHHAsl 3a2PA3HeHHAs (YMepeHnast ObiMKa, 6e3 001auHOCmu), n0200a ¢ CUTbHbIM 3A2pPsi3-
HeHuem (CunbHas ObiMKd, 00aauHOCmy). Bepmuxanvhuvlii npoghuns 06pamnozo paccesanus aspo30ons noayuen
no oanuvim cnymuuxogoeo auoapa CALIOP (CALIPSO) npu npoxosicoenuu cnymuuxka Hao eopooom Xa3gatl,
KOMOopble CPABHUBANUCH C BePMUKATIbHBIM pacnpeoeieuem CKOPPeKMUposanHoeo no OdIbHOCU CUSHANA
Hazemnoeo auoapa. Iloxazano, umo KOMOUHAYUIO CLYMHUKOBO20 U HAZEMHO20 TUOAPOE MOMCHO UCNONB3O-
6amv 018 IPOEeKMusH020 HAOIOOCHUS 3a GIUAHUEM AIPO30JILHBIX UBMEHEeHUll Ha no2ody. [locaedyrowue
IKCHEPUMEHNbL OMCIEAHCUBATU NOLOOHbIE AGNEHUsL C CUNbHbIM 3acps3HeHuem. Tlonyuenvl oannvie 0 nozpa-
HUYHOM Cl0€ a3po30is, KOMopblii npedcmasisem coboll cepbe3Hoe mpancepaHuyHoe 3azpa3HeHue 8030yxa.
Ilepuoo cepvesnozo 3aepasnenus — ¢ 22:00 0o 04:00 19-20 ansapa 2019 e., koeoa epanuuuslii clol A3po-
307151 HAX00umcst Ha camom Huzkom (<0.5 km) ypoeue, 6 Opyeue nepuodvbl 8bICOMA NOCPAHUYHO2O CJIOS
0.5—2.2 km. C yyemom npunoeepxHoCmHuiX OAHHLIX NPOAHATUIUPOBANBI UBMEHEHUS. NOSPAHUYHO20 COA
8 npoyecce 3az2pA3HeHUs U UX 803ModicHble npudunsl. COenan 6bl8600 0 MOM, YMO 80 8pPEMs 3A2PA3HEHUS 8bl-
COmMa NOSPAHUuHO20 CNOs A3PO30iA 6 paiione X>¢hasi umeem 04eBUOHYIO OMPUYAMENLHYIO KOPPENAYUIO
c kouyenmpayueiu PM>s. Coenacno pezynomamam HYSPLIT, ocnoHOU ucmouHuK 3azpssHeHusi — aspo-
307bHbIE Yacmuybl, YHocuMble ¢ cegepa. Pezynomamul daiom ocrogy 05 UChoib306aHUs COBMECHHBIX CRYM-
HUKOBBIX U HA3EMHBIX TUOAPHLIX HAOIOOEHUL NPU U3YYEeHUU USMEHEHUsl HO200bl 8 20p00aXx U NPedomepPaujeHus.
3azpA3HeHUs. ammocepbi.

Knrwuesvie cnosa: CALIPSO, nudap Pamana—Mu, 3aepssnerue 6030yxa, aspo307bHbIL NOSPAHUYHDLL
cnou.

Introduction. Aerosol is composed of solid or liquid particles suspended in the atmosphere, and has di-
rect and indirect effects on weather and climate change [1-5]. In addition, due to the extinction of aerosols,
visibility can be directly affected, which has an important impact on transportation, navigation, military op-
erations, and so on [5, 6]. In particular, aerosol particles can have a serious impact on public health, especial-
ly by causing respiratory diseases [5]. In recent years, with the acceleration of urbanization and the rapid so-
cioeconomic development, China has experienced intensive industrial emissions, the combustion of fossil
fuels and the increase of vehicle emissions. Due to the small particle size and long life of anthropogenic aer-
osols in many areas, these have a significant impact on the atmospheric environment [4-9]. In addition to
sustained emissions, the distribution of aerosol in China is also closely related to certain weather patterns,
and there is a significant correlation between the change in aerosol concentration and many meteorological
variables, including mixing-layer height, temperature, wind speed, relative humidity and visibility [10-15].
Significant seasonal variations in aerosols have been reported in a number of studies in China, partly due to
the transport of aerosols by different wind directions during the winter and summer monsoons [16-20]. In
particular, studies have shown that understanding the vertical distribution of boundary layers and aerosols is
crucial to explain changes in aerosol concentrations on the ground, especially observations and studies of air
pollution under the influence of trans-boundary transport, indicating that the aerosol concentrations meas-
ured at ground level are closely related to the vertical profile of aerosol [18-21]. However, different pollu-
tion sources, underlying surfaces and land-use types have different effects on the vertical distribution of aer-
osol. Especially in areas with high-density cities, e. g., city clusters in the Yangtze River Delta Region
(YRDR), our understanding of the vertical distribution of aerosols is very limited. Therefore, more observa-
tions on the vertical distribution and spatial variation of acrosols are needed in the YRDR.

In aerosol detection, lidar has developed into a very important technology, because the laser beam emit-
ted by lidar can interact with aerosol and cloud particles, and the vertical profile at high resolution can be ob-
tained by receiving the backscatter signal of the lidar, meaning it can observe the optical properties and ver-
tical spatial distribution of aerosols [21-28]. Ground-based lidar can be observed at a fixed point for a long
time, with high detection accuracy, but limited observation range, and can only detect aerosol distribution
characteristics at a one-dimensional vertical height. However, space-borne lidar has the advantages of a wide
detection range, high resolution, effective identification of cloud components, determination of aerosol lay-
ers, and identification of aerosol types. To date, many scientists have used the observational data of the
CALIPSO satellite and ground-based data for verification research. The CALIPSO satellite mainly carries
three payloads: a lidar (CALIOP), an infrared radiation imager (IIR), and a wide-angle camera (WFC).
Based on extensive comparisons with ground-based lidar systems in several countries, CALIOP has general-
ly shown good performance and design expectations [24, 26, 29, 30]. Therefore, the combination of detec-
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tion with satellite and earth lidar can capture effectively the three-dimensional spatial and temporal distribu-
tion characteristics of aerosols [29-32], especially for the process of weather-scale heavy pollution.

The YRDR is one of the areas in China with the most severe aerosol pollution. Hefei, as an important
bridgehead for the economic development of the western part of the Yangtze River Delta city cluster, has at-
tracted the attention of scientists in recent years owing to its worsening pollution [19, 33]. In particular,
ground-based lidar monitoring in the western suburbs of Hefei plays an important role in monitoring air pol-
lution in the western Yangtze River Delta [25, 33, 34]. On 17-22 January 2019, a heavy pollution process
occurred in Hefei, which was completely captured by lidar. Based on ground-based lidar, combined with the
data of CALIOP and ground meteorological data, this paper explores this heavy pollution process and its
causes in the western YRDR. In Section 2, the range-corrected signal is given. In Section 3, a case study of
four typical weather conditions jointly observed by satellite-based and ground-based lidars is introduced. In
Section 4, the general characteristics of vertical aerosol, local meteorological conditions, the acrosol bounda-
ry layer, airmass motion, and air-pollutant concentrations are summarized. Finally, a conclusion is given in
Section 5.

Data and methods. Lidar data. Ground-based lidar data were obtained from Raman—Mie lidar devel-
oped by the Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences. Figure 1 shows
a schematic diagram of its system configuration. The Raman—Mie lidar has six acquisition channels with
three wavelengths (1064, 532, and 355 nm) for observation and acquisition. The vertical resolution is 7.5 m
and the observation point (31.90°N, 117.16°E) is continuously observed for 24 h. Table 1 compares the main
technical parameters of CALIOP and the Raman—Mie lidar. In addition, in this study, the 532-nm backscat-
tering coefficient profile data from CALIOP's Level 1B classification were used. CALIOP is a dual-
wavelength (1064 and 532 nm) polarized lidar system (three echo channel signals with cross-polarization
components of 1064-nm backscattering and 532-nm backscattering) [25, 26, 31]. CALIOP has a vertical res-
olution of 30 m below 8 km, a horizontal resolution of 333 m, and a vertical resolution of 60 m at 8-20 km.
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Fig. 1. Optical schematic of the Raman—Mie lidar system.

TABLE 1. Main Parameters of CALIOP and the Raman—Mie Lidar

Technical parameter CALIOP value | Raman—Mie lidar value
Wavelength, nm 532/1064 355/532/1064

Single pulse energy, mJ 110 30

Repetition frequency, Hz | 20.25 20

Telescope diameter, mm 1000 200

Vertical resolution, m 30-60 7.5

Horizontal resolution, m 333 —
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Methods. The Mie scattering method is used to measure atmospheric aerosol, characterized by the
backscattering coefficient and extinction coefficient [22-28]. The elastic scattering echo signal equation of
lidar can be written as

P(z) =CIB,, (2) + B, (2)]exp {2 [or,, (") + (Z')]a’Z'}/Z2 ; )
where P(z) represents the atmospheric backscattering signal at distance z, P(z)-z > represents the lidar range-
corrected signal, C is the device constant, a(z) is the atmospheric extinction coefficient at a distance from z,
B(z) represents the atmospheric backscattering coefficient at a distance from z, and the subscripts m and a re-
spectively represent air molecules and aerosol particles. In this study, the ground-based lidar used the
532-nm wavelength signal, and the backscattered signal data were obtained by using Eq. (1) to obtain the
range-corrected signal.

However, it is worth noting that the distance square correction signal of the ground-based fixed obser-
vation position is the key to joint space-borne and ground-based lidar observation [35]. On the one hand, it is
because the ground-based lidar targets atmospheric aerosols, and the echo signal strength is positively corre-
lated with aerosol content. At the same time, the range square correction signal can reduce the background
noise signal. On the other hand, it is because at the boundary between the atmospheric boundary layer and
the free atmosphere the aerosol concentration decreases very quickly. Such a result is reflected in the lidar
echo signal, which is the rapid change of the lidar range-corrected signal profile, so the accuracy of the ob-
servation of aerosol change is higher by using the range-corrected signal.

Taking the first derivative of the distance squared correction signal of the above formula, the following
formula is obtained:

DEV(z) = d[P(z)z*)/dz. 2)
Here, the height corresponding to the minimum value of the DEV(z) profile is the height of the aerosol
boundary layer [17, 29-31].
A large number of practical observations concluded that o(z) and B(z) have the following relationship:

ota(2) = S1Ba(2)’, 3)
where S is an empirical constant, which is usually set as 50 sr, the constant £ is typically 1.

Joint observation of typical weather cases. Data from observation points (31.90°N, 117.16°E) in the
western suburbs of Hefei city were selected for effective joint observation with the satellite. When the
CALIPSO satellite passed near Hefei, it screened and extracted the CALIOP aerosol data that could repre-
sent the period of the day in the western suburb of Hefei. Based on the data of the Raman—Mie lidar and
CALIOQP of the past two years, four typical types of weather were selected: sunny weather (less cloud, good
air) on July 14, 2018; cloudy weather (good air, no haze) on September 10, 2018; moderate pollution weath-
er (moderate haze, cloudless) on December 13, 2018; and severe pollution weather (heavy haze, cloudless)
on January 20, 2019. When the satellite passed through Hefei, the backscattered vertical signal profiles of
the four weather conditions were extracted (the total backscattered signal was extracted without considering
multiple scattering), and the experimental observation data of the vertical signal profiles of distance correc-
tion of ground-based lidar were compared and analyzed jointly. Figure 2 shows the observation data of
CALIOP and the Raman—Mie lidar. The observational results were verified by combining the PM; 5 and
PM;y concentration data (Fig. 3) of the Department of Ecology and Environment of Anhui Province
(http://sthjt.ah.gov.cn/site/tpl/5371).

The red lines in Fig. 2 represent the data near the ground-based observation point when the CALIPSO
satellite passes through. As can be seen from Fig. 2a, on July 14, 2018, the weather was clear and cloudless
near the ground observation point, and the backscattering coefficient below 2 km was 2x107> km™!-sr™! with
a small amount of aerosol layer. The data from the meteorological department on that day showed that the
air quality was excellent. According to Fig. 2b, on September 10, 2018, the weather near the ground observa-
tion point was clear and cloudy, with a thin layer of cloud at an altitude of 8 km, and the backscattering coef-
ficient below 2 km was 8x10*km™'-sr"!. The aerosol content was low, and the data from the meteorological
department showed excellent air quality. According to Fig. 2¢, on December 13, 2018, there were no clouds
near the ground observation point, the backscattering coefficient below 1.5 km was 4x107> km!-sr™!, and
there was a thick aerosol layer. The data from the meteorological department showed that the air quality was
moderately polluted. It can be concluded from Fig. 2d that, on January 20, 2019, there were no clouds near
the ground observation point, the backscattering coefficient below 2 km was 4.5x107> km™'-sr!, and there
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was a thick aerosol layer. The data from the meteorological department showed that the air quality was seri-

ously polluted.
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Fig. 2. Backscatter coefficient (km™'-sr!) profile and range-corrected signal (W - km?) of
the Raman—Mie lidar: a, ) fine weather on July 14, 2018; b, f) cloudy weather on 10 September 2018;
¢, g) moderately polluted weather on 13 December 2018; d, h) severe pollution on January 20, 2019.

Case 1: On July 14, 2018, the weather in Hefei was sunny and the air quality was excellent. As can be
seen from Fig. 2e, the range-corrected signal was 5 W-km? from 9 am to 2 pm below 2 km, and the weather
was good at other times, with no cloud over the observation point on the day. According to Fig. 3a, the mass
concentration of PM, 5 on that day was below 30 pug/m?, and that of PM was below 45 pg/m?.

Case 2: On September 10, 2018, the weather in Hefei was cloudy and the air quality was excellent.
As can be seen from Fig. 2f, the range-corrected signal was 4 W-km? below 2 km, and a thin layer of cloud
appeared red from 6 km to 10 km above the observation point. It can be seen from Fig. 3b that the mass con-
centration of PM, 5 on that day was below 35 pg/m?, and the mass concentration of PM10 peaked at § am

and 6 pm, respectively, at 74 and 73 pug/m>.
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Case 3: Hefei city experienced haze and moderate pollution on December 13, 2018. According to
Fig. 2g, the range-corrected signal below 1.8 km was above 20 W-km?, with a thick aerosol layer, and there
was no cloud on the day above the observation point. According to Fig. 3c, the concentration of PM» 5 and
PMo was highest in the early morning of that day, reaching 155 and 190 pg/m? respectively, before gradual-
ly decreasing, with the mass concentration reaching its lowest point at 16:30. It then rose slightly and
reached a small peak at around 20:00. Note that PM o meteorological data were missing in some periods.

Case 4: On January 20, 2019, Hefei suffered from heavy pollution due to haze weather. According to
Fig. 2h, the range-corrected signal below 2 km was above 20 W-km?, which was a thick aerosol layer. The
sky above the observation point was red from 6 pm to 8 pm on that day from 4 km to 6 km, which was
cloud. According to Fig. 3d, the concentration of PM» s and PM ;o maintained above 180 pg/m® from 0 am to
4 pm, then gradually decreased, and the mass concentration reached a minimum of 80 pg/m® at 24:00. Note
that PM o meteorological data were missing in some periods.

In general, based on comparisons of different pollution-level cases jointly observed by space-borne and
ground-based lidar systems in the western YRDR, good performance is shown regarding the monitoring of
different aerosol concentrations in the vertical distribution. In particular, the accuracy of the observations of
changes in aerosol is becoming better by using the range-corrected signal, which can capture weather-scale
heavy pollution processes effectively.
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Fig. 3. Near-surface PM meteorological data: a) fine weather on July 14, 2018; b) cloudy weather
on 10 September 2018; ¢) moderately polluted weather on 13 December 2018; d) severe pollution
on January 20, 2019.

A heavy aerosol pollution case. Vertical observation. In view of the heavy pollution weather on January
20, 2019, continuous tracking observations were conducted. According to the data from the meteorological
department, January 17, 2019 was sunny and the air quality was good. After that, mild pollution occurred
on January 18 and 19, and severe pollution occurred on January 20. The pollution then decreased, and it was
mild on January 21. January 22 was sunny and the air quality was good. Through continuous observation by
the Raman—Mie lidar, the change in aerosol on January 17-22 above the observation point is shown in
Fig. 4. The height line of the aerosol boundary layer in this pollution process was obtained by using the gra-
dient method (Eq. (2)). From Fig. 5, it can be seen that the aerosol boundary layer was the lowest during the
period of severe pollution from 22:00 on the night of the 19th to 04:00 on the morning of the 20th. The height
of the aerosol boundary layer was less than 0.5 km, and in other periods was between 0.5 km and 2.2 km.
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Fig. 4. Related influencing factors of the aerosol boundary layer. The relationship between
aerosol boundary layer and horizontal visibility, PM, s particle concentration, wind speed,
wind direction, air temperature, and atmospheric pressure.
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Fig. 5. Vertical profile of aecrosol measured by ground-based lidar: acrosol change during the period from
00:00 on January 17 to 00:00 January 22, 2019.

Time series changes of surface PM> s concentrations, boundary layer height and surface meteorological
elements. The height values of the aerosol boundary layer were extracted and analyzed in combination with
the visibility, PM» 5 concentration value, wind speed, wind direction, air temperature, air pressure, and other
related factors, as shown in Fig. 4.
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In section S1, aerosol pollution had not occurred, the height of the aerosol boundary layer was between
1.2 and 2.2 km, the weather visibility was about 10 km, the concentration of PM; s particles was about
50 pg/m’, the wind speed was about 1 m/s, the wind direction changed greatly, the temperature raised gradu-
ally between 4 and 9°C, and the air pressure fluctuated slightly at 1022 hPa.

In section S2, aerosol pollution began to occur, the height of the aerosol boundary layer dropped below
0.8 km, resulting in the visibility dropping to 8.8 km. However, at this time, the concentration of PM> s parti-
cles in the section was not high, being about 75 pg/m>, and the wind speed was below 5 m/s. It was warm air
blown by the southeast wind. The highest temperature rose to 12°C, and the air pressure fluctuated slightly at
1021 hPa. In section S3, pollution was caused by local accumulation. The height of the aerosol boundary
layer dropped to its lowest, and the visibility in this section was about 4 km. Due to the decrease in the
boundary layer and the wind speed at about 3 m/s being a weak, still wind, there was a sharp increase in the
concentration of PM, 5 particles, reaching a peak of about 200 pug/m? and resulting in severe pollution. In this
period, the wind direction was a northwest wind blowing the cold air. Due to the decreased boundary layer,
surface atmospheric radiation was strengthened, the air temperature reversed slightly, and the air pressure
rose to 1026 hPa. At the crossing of cold air in section S4, a value of 1.5 km appeared in the boundary layer.

At this point, the vertical mixing intensified in section S5, and the concentration of PM, s particles
dropped to 60 pg/m®. Atmospheric radiation weakened, the temperature dropped to 0°C, and the pressure
fluctuated slightly at 1024 hPa. Section S5 was characterized by the cleaning process of pollutants. The
boundary layer rose to 1.6 km, so the visibility rose to 22 km, the concentration of PM3 s particles dropped
below 60 pg/m?, the southwest wind blew cold air, the wind speed gradually increased to 6 m/s, the tempera-
ture gradually rose to 12°C, and the air pressure dropped.

Table 2 shows the average visibility data, the daily maximum value of PM; 5, and the maximum value
of relative humidity during the pollution process. It can be seen that, on the day of severe pollution, the con-
centration value of PM> s increased significantly, the daily average visibility value decreased, and the relative
humidity value decreased.

TABLE 2. Related Factors Data during the Period of Pollution

Date/time Average daily | Maximum PM; 35, Maximum relative
visibility, m ug/m’ humidity, %
2019.01.17/00:00-23:00 11969.79 79 96
2019.01.18/00:00-23:00 8795 86 98
2019.01.19/00:00-23:00 3983.375 175 89
2019.01.20/00:00-23:00 4922.5 206 91
2019.01.21/00:00-23:00 9136.625 160 89
2019.01.22/00:00-23:00 14712.96 89 92

Backward trajectory analysis of the pollution process. In order to determine the properties of aerosol
particle pollutants, CALIOP and Raman—Mie lidar particle depolarization ratio data were extracted separate-
ly, as shown in Fig. 6. It can be seen that the satellite- and earth-lidar observational results were relatively
consistent. The depolarization ratio of aerosol particles was less than 0.15, which may have been a mixture
of fine particles of industrial exhaust, dust, automobile exhaust.

In order to determine the source of aerosol pollutants, the HYSPLIT model provided by NOAA was
used to analyze the backward trajectory of aerosol particles in the five aerosol structure layers at 100, 300,
500, 1000, and 2000 m (Fig. 7).

It can be seen that the aerosol particles at the heights of 100 and 300 m originated from the territory of
Mongolia and passed through the Beijing—Tianjin—Hebei region of China. The altitude drops all the way
from 3500 m, and finally sinks to the Hefei area after following the mixing of cold air from the northwest
and north directions. The aerosol particles within 500 m were from the Beijing—Tianjin—Hebei region, and
the aerosol particles within 1000 and 2000 m were from Mongolia. The aerosol particles following the cold
air at 500 and 2000 m arrived over Hefei in the northern and northwestern direction, successively. Its trans-
mission process first experienced a rise and then a sink. However, the aerosol particles at 1000 m reached the
airspace over Hefei in the northwest after descending and then climbing. During the period of the 19 and
20th, different types of aerosol particles were violently mixed in the airspace over Hefei, forming heavy pol-
lution.
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Fig. 6. Depolarization ratio of aerosol particles: a) CALIOP depolarization ratio of aerosol particles;
b) depolarization ratio of Raman—Mie lidar aerosol particles.
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Fig. 7. Backward trajectory of pollutants from the HY SPLIT model, backward trajectories ending
at 00:00 UTC 21 Jan 19 Meteorological Data GDAS (a), and GFSG (b).
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Conclusions. Four typical weather cases in the Hefei area in the past two years were observed by the
space-borne CALIOP and Raman—Mie lidars, and the pollution process on January 17-22, 2019 was contin-
uously observed and tracked. The conclusions are as follows.

The analysis of four typical weather cases showed that the results of the vertical backscatter profile of
the satellite-borne CALIOP and the vertical profile of the ground-based lidar vertical range-corrected signal
were basically the same, indicating the effectiveness and accuracy of satellite-ground lidar joint observation.

Through continuous fixed-point observation of the pollution process and calculation of the aerosol
boundary layer obtained by the gradient method, it can be concluded that the aerosol boundary layer was the
lowest (less than 500 m) during the period of severe pollution from 22:00 on January 19th to 04:00 on Janu-
ary 20th, and the boundary layer height ranged from 500 m to 2.2 km during the rest of the period.

We extracted the height of the aerosol boundary layer and compared it with near-ground data. It can be
concluded that the height of the aerosol boundary layer was closely related to the PMa s concentration, wind
speed, wind direction, air temperature, air pressure, relative humidity, and other factors, which interacted and
influenced each other. The aerosol boundary layer height and PM» 5 concentration were negatively correlat-
ed, while the aerosol boundary layer height and horizontal visibility were positively correlated.

By studying the depolarization ratio of aerosol and the traceability analysis of the HYSPLIT pattern, it
was found that the depolarization ratio of aerosol particles of this pollutant was less than 0.15, and the pollu-
tion source was mainly aerosol particles blown from the north, which were caused by the intensified mixing
of local pollutants.

Our findings provide scientific observational evidence towards a better understanding of the vertical dis-
tribution of aerosol and its spatial variations. Obtaining the correlation characteristics of aerosol vertical dis-
tributions is of great significance for urban weather change. This paper highlights that the relationship be-
tween aerosol-related characteristics, the atmospheric boundary layer height and PM, 5 concentration chang-
es offers useful supporting data for the study of weather changes and the prevention of pollution.
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