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Aircraft observations on a
continuous haze pollution event
in Shijiazhuang area

Xuesi Zhou'?, Xiaoshen Sun?, Yang Yang?*, Xiaorui Zhang?,
Zhaochu Huang?, Yi Cui? and Yi Huang?

'Key Laboratory of Meteorology and Ecological Environment of Hebei Province, Shijiazhuang, China,
’Hebei Weather Modification Center, Shijiazhuang, China

A continuous haze event was recorded on November 14th~17th, 2020 over
Shijiazhuang. Two flights of King-air 350 meteorological research aircraft were
performed on November 14th and 16th for the retrieval and observations of
meteorological elements, aerosols, and black carbon. In this study, we
combined airborne data with air pollution data (PM,s), ground
meteorological data, and ERA-5 reanalysis data to describe the vertical
distribution of aerosols (namely 0.1-3.0 um) and black carbon. We further
explicated the formation of this haze event. PM; 5 pollution dominated this
haze event, and the highest concentration of PM,s was 209 ug/m?*. The
intensity and height of thermal layers highly linked with the vertical transport
of pollution. The highest number concentration of aerosols and black carbon
was found below the thermal layers on both airborne sounding days. On the
14th, both BC and aerosol concentrations showed unimodal distribution, and
the highest concentrations of BC and aerosols were 12683 ng/m* and
6965.125#/L at 250 m within layer I. The intensity of the thermal layer near-
ground was weaker on the 16th that the number concentrations of BC and
aerosols also remained at high levels in layer Il. Backward trajectories of air mass
indicated the long-range transport of pollution contributed to the high level of
pollution on the 16th. Vapor conditions were more favorable for aerosols
growth through moisture absorption. The maximum concentration of
943.58#/L was recorded at particles with a diameter of 0.4 ym on the 16th,
while 749.26#/L was reached at 0.14 ym on the 14th. The corresponding height
was consistent with the height of maximum concentration in the vertical
distribution.
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1 Introduction

Aerosols are the key components in earth-atmosphere
system, affecting the global and regional climate (Anderson
et al, 2003; Shi et al, 2008; Li et al, 2015), they can also
severely harm the ecological environment and human health
(Haywood and Boucher, 2000; Bond et al., 2013; Rao et al., 2013;
Lei et al, 2016). They lay important forces on atmospheric
circulation, precipitation distribution, and weather forecast
(Jacobson, 2001). Through absorbing or scattering solar
the
atmosphere or cool down the surface. Changing the thermal

radiation (shortwave radiation), aerosols can heat
condition of the atmosphere, aerosols can further affect the
vertical dynamic structure of the atmosphere. Therefore, to
assess and calculate the direct and indirect radiation forcing
from aerosols, we must form a clear picture of the vertical
concentration distribution and particle size distribution of
aerosols (Haywood and Boucher, 2000; Gobbi et al., 2004;
Landman, 2010).

Black carbon (BC) is one of the key components of
atmospheric aerosols (Janssen et al, 2012). As a strong
absorbing component, BC can only absorb the visible
(Bond et 2013).

surrounding atmosphere, and to a great extent, this warming

wavelengths al,, They warm up the
can offset the cooling caused by the scattering of atmospheric
aerosols, in which BC will further influence local and global
climate (Jacobson, 2001; Ramanathan and Carmichael, 2008).
Current instrumentation has been mainly mounted on
sounding platforms, such as meteorological towers (Han et al.,
2015), tethered balloons (Ran et al, 2016), remote sensing
(Strawbridge and Snyder, 2004), and aircraft (Ding et al,
2009). Among, aircraft can collect data of the spatial
and BC in More
importantly, the in-situ detection can reach higher altitudes

distribution of aerosols real time.
and cover larger areas. The vertical distribution of aerosol
showed a great correlation with the atmospheric structure
(Johnson et al, 2000). The accumulation of aerosol particles
was often found with thermal layers and high values of relative
humidity (Sun et al, 2012; You et al, 2015). The number
concentration of aerosols was distinct under different weather
conditions and atmospheric structures (Yao et al., 2016). The
vertical number concentration of aerosols followed a unimodal
distribution (Fan et al., 2007), and the spectral width narrowed
with increasing height (You et al., 2015). Li et al., 2014 found the
spectral width of aerosols broadened with increasing height over
the middle of Shanxi Province, China. In a stable atmosphere, BC
concentration was higher in lower layers (Zhang et al., 2012), but
evenly distributed in an unstable atmosphere (Lu et al., 2019).
Besides, the vertical distribution of BC was different throughout
the day (Li et al,, 2015), and in different regions (Tan et al., 2022).

Zhang et al. (2013) have found that China was the main
contributor to global BC emissions up to a quarter. Shijiazhuang
is the capital of Hebei province and is located in the middle and
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FIGURE 1

Flight trajectory on November 14th (red) and 16th (blue),
2020, and locations of observation stations.

southern parts of Hebei Province. Due to rapid economic growth
and accelerated urbanization, this region has been facing severe
pollution for past decades. Recent researches have been focused
on the aerosols in this region but rarely refers to the BC. Zhai
et al. (2011) analyzed the number concentration and particle
spectrum of aerosols in the atmosphere based on near-ground
the of it. During
2005-2007autumn seasons in the Hebei region, Zhang et al.
(2011) concluded that high values
concentration near the ground were often found under

aerosols data, as well as causes

of aerosol number

different synoptic weather conditions with records of small
wind speed, high relative humidity, and thermal invasion, or
on haze days. Sun et al. (2013) analyzed airborne observations of
aerosols over the middle and west of North China Plain during
the 2010 autumn. They found that the main source of aerosols
was from the underlying transport, and the transport efficiency
was determined by thermal inversion layers and the wind shear
within the boundary layer.

Air quality has been improved over Shijiazhuang region for
the past years, however, heavily polluted events still occurred
every now and then. Therefore, it is still needed to explore the
vertical characteristics and the transport of pollution. We focused
on the analysis of both ground and airborne observations for a
continuous haze event recorded during November 14th~ 17th,
2020 over Shijiazhuang. Specifically, we concluded the vertical
distribution of both aerosols and BC based on two flights of
airborne data, including the concentration, mean diameter, and
particle spectrum of aerosols and BC. Potential sources of near-
ground aerosols were also discussed.
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Data and flight sounding description would be in “Data”. The
following sections are in the order of “Weather and Pollution
“Vertical of  Pollutant
Concentration”, “Backward Trajectory”, “Aerosol Spectrum

Background”, Distribution

Density Distribution”, and “Discussion”.

2 Data

Ground hourly meteorological data was acquired from
Zhengding station (38.15°N, 114.34°E), ground PM, 5 data was
sourced from Zhengding (38.15°N, 114.59°E), wind profiler data
was from Shijiazhuang (38.07°N, 114.35°E), and the geological
distribution was illustrated in Figure 1.

2.1 Airborne observation

King Air-350 meteorological aircraft was carried out for the
vertical observations and the true airspeed was around
250-300 km/h. Two sounding flights were on November 14th
18:50 and 16th 18:00, 2020 (Beijing time). The time in this article
would be Beijing Time unless specifically highlighted. The flight
tracks were drawn in Figure 1. Under the left flight wing, PCASP-
100X (Passive Cavity Aerosol Spectrometer Probe-100X) was
mounted for aerosol observations. Meanwhile, the AE-33 model
of the aethalometer was mounted for the black carbon

acquisition.

2.1.1 Aerosol observation

The Passive Cavity Aerosol Spectrometer Probe 100-X
(PCASP) is manufactured by Droplet Measurement
Technologies (DMT). The PCASP-100X is an optical
particle counter for measuring aerosol size distributions
from 0.1pum to 3 pm in diameter. It uses the Mie scattering
theory to derive aerosol particle size distribution (Zhao et al.,
2018). The size is divided into 15 bins and the sampling
frequency is 1 Hz. The sample flow volume in the PCASP-
100X is set to 1 cm?/s. The details and detecting uncertainties
of PCASP-100X can be found in Zhao et al. (2018) and
Rosenberg et al. (2012).

2.1.2 Black carbon observation

In this study, Magee Scientific Aethalometer” Model AE33 is
used to observe black carbon concentration. Two sample spots
are collected from the same input air stream with different
accumulation rates and the analysis of air is conducted
simultaneously. The two results are combined mathematically
to eliminate the “Filter Loading Effect” nonlinearity and
accurately measure the aerosol concentration. The analysis
will be performed at seven optical wavelengths spanning from
the near-infrared (950 nm) to the near-ultraviolet (370 nm). The
sequencing of illumination and analysis is performed on a 1Hz
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time base. This will present a complete spectrum of aerosol
optical absorption with one data line every second.

2.2 Wind profiler data

Wind profiler is Doppler radars that have five antenna
beams. The radar transmits electromagnetic pulses in five
directions, in the order of north, east, south, west, and vertical
direction. A wind profiler radar can derive atmospheric motion
and wind information from the Doppler shift in the echoes
produced under different atmospheric conditions (Wang et al.,
2022). We use hourly wind data from the wind profiler
manufactured by the China Aerospace Science & Industry
Corporation (Liu et al., 2020).

2.3 Backward trajectory analysis

The HYSPLIT-4 model is an open-access model from
NOAA’s Air
atmospheric

Resources Laboratory and can compute

of
pollutants and hazardous materials (Stein et al., 2015). The

transport, dispersion, and deposition
model has been widely used in the analysis of air parcel
trajectories and atmospheric pollution transportation (Li et al.,
2019). The backward trajectory model meteorological
background data input from the NCEP GDAS dataset, 4 times
daily including 00, 06, 12, and 18UTC (08, 14, 20, 02 as in Beijing
Time) output. The geological resolution of the GDAS dataset
is 1°x1°.

3 Result and discussion
3.1 Weather and pollution background

3.1.1 Weather analysis

During November 14th ~ 17th 2020, a continuous haze event
was recorded over the Shijiazhuang region. At 500 h Pa, the
meridional circulation spanned over the mid-and high
altitudes regions in East Asia. The cold air was impeded from
moving southward. On the 13th, (first stage, Figures 2A, 3A), the
atmospheric water vapor content was underprovided. The
synoptic  settings included a high-level ridge, a weak
anticyclonic circulation lower level at 850 hPa, and a ground
high-pressure field. The atmosphere was clear and cloudless, in
favor of radiative cooling. As a result, water moisture and
pollutants gradually accumulated near the ground, marking
the beginning of this haze event. The second stage lasted from
the 13th evening to the 14th daytime as a weak upper-level
trough was passing through North China. In mid-to-low levels,
moisture was brought by the weak southwest air flow. Near the

ground, the uniform pressure field behind the high-pressure
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Upper-level synoptic weather at 08:00 2020 November 13th (A) and 08:00 2020 November 15th(B), among, blue lines denote 500 hPa
geopotential height, red lines denote 850 hPa isothermals, and wind barbs represent wind field at 850 hPa. The red square is Shijiazhuang area.
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Sea level pressure at 08:00 2020 November 13th (A) and 08:00 2020 November 15th (B). The red square is Shijiazhuang area.

ridge further aggravated the pollution level. The synoptic
background in the third stage was similar to the first stage,
from the 14th nighttime to the 15th morning (Figures 2B, 3B),
where the high level was under the control of a high-pressure
ridge. The pressure field from high to low levels was even more
stable during this time which reinforced the pollution event. The
fourth stage was from the 15th afternoon to the 16th. The high-
level field was under the control of westerly flows behind the
high-pressure ridge. Near the ground, the wind speed was low.
The the
development. The highest concentration of PM, 5 was reached
on the 16th at midnight. Afterward, southerly airflow at 850 hPa
was getting stronger, and the low-pressure field took over near

continuous moisture supply facilitated haze

the ground. However, the cold air was rather to the west and the
high-level trough slowly was moving to the east. Near the ground,
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the wind speed was rather low that cannot disperse atmospheric
pollutants. On the 17th, atmospheric pollutants were removed
due to the precipitation and the air quality improved.

During this haze event, stable westerly air was dominated at
high levels. In the early stage of this pollution event, water vapor
was inadequate in the atmosphere but more sufficient in later
stages. In the seal level pressure fields, the cold air was rather
weak and located to the North (Figure 3), which was favorable for
southwesterly air to transport moisture. Horizontal winds were
small near the ground that pollutants were hardly dispersed.

3.1.2 Characteristics of air pollutants and surface
meteorological elements

The temporal variation of meteorological elements and
pollution levels were shown in Figure 4, covering the whole

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1066610

Zhou et al.

Rainfall(mm)

10.3389/feart.2022.1066610

MOR(m)

WD(degree)

Z os a2 \\W
I |
0.0: T T T T 22
90 |
g % p
501 ‘
401 — v : ' : :
1 |
PRERTS |
'B" IZJ\ \‘\_x
=
8
L e S B B S SR | e S —
o~ 2001 ‘
£ 1s0- ‘ ,\/__’w/—/\\/’ﬂ
»
2 w—— | —
= % | |
= |

0 f——————— —————r
11-14 00:00 11-14 12:00 11-15 00:00

FIGURE 4

| -
11-15 12:00

—r—— .
11-16 00:00

e — |
11-16 12:00 11-17 00:00 11-17 12:00

Time
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polluted period between November 14th and 17th. The PM, 5
concentration remained above 75 pg/m’ on the 14th (early stage
of the pollution event). It reached the highest concentration on
the 16th (pollution accumulated and worsen) with a value of
209 pg/m’ and dramatically dropped below 50 pg/m® on the 17th
(pollution ended). During the 14th and 15th, the diurnal changes
of temperature and relative humidity were quite the opposite.
Temperature rose during the day but relative humidity
decreased, and vice versa at night. Ground winds were mostly
easterly and northwesterly and varied around 0.8~1 m/s. In the
afternoon, temperature dropped and the altitude of the boundary
layer decreased. Meanwhile, pollution concentration near the
ground increased. After the 15th at 14:00, the PM,;
concentration started increasing from 119 ug/m’® to 209 pg/m’
on the 16th at 02:00. On the 16th, relative humidity remained at
65-75%, and the PM,, 5 concentration varied around 150-209 pug/
m>. A precipitation event occurred on the 17th. Due to the wet
removal, the concentration of PM, 5 dropped dramatically and
this pollution event came to an end.

As shown in Figure 5, no wind shear was recorded by the
ground wind profiler radar before the 15th at 14:00. After that,
wind shear was near 700 m and existed till the 17th at 04:00. As
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mentioned, ground PM, 5 concentration continued rising to the
highest value (Figure 4). Afterward, the altitude of wind shear
elevated and the pollution level was reduced. During the whole
pollution event, the vertical motion of atmospheric air was
rather weak which hinders the vertical transportation of
pollutants.

3.2 Vertical distribution of pollutant
concentration

King-Air 350 meteorological aircraft was employed on the
14th and 16th to investigate the vertical distribution of pollutants
over Shijiazhuang. The properties of air mass can determine the
declining rate of potential temperature (o6/0z). Therefore,
different layers were drawn based on the variation of o6/oz
(Yang et al, 2020), and we analyzed the distribution of
pollutants in each layer. When the declining rate of potential
temperature is zero (26/2z=0), the declining rate (y) is the same as
the dry adiabatic declining rate (I'), define as the neutral layer;
When 90/0z>0, I'<y, defines as a stable layer; Otherwise as an
unstable layer.
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The vertical distribution of BC mass concentration, aerosol
number concentration, mean diameter of aerosols, temperature,
relative humidity, and the potential temperature was presented in
Figure 6. According to the a0/az, we defined four layers including
ground to 600 m, 600-1,200 m, 1,200-2,000 m, and 2,000 m
above (labeled from | to IV in Figure 6). For all four layers,
the number of 06/0z was positive with little variation. During this
period, the vertical velocity was less than 1 m/s (Figure 5). All
four layers were stable with weak atmospheric convection. Two
thermal inversion layers were 1,150-1230m and 2,000-2,300 m,
where the 1,150-1230 m layer was stronger with a variation of
2.7°C/100 m.

Layer | and Il were within the same thermal inversion layer
(Figure 6D). In layer |, both BC and aerosol concentration
showed unimodal distribution. The peak concentration of BC
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and aerosol were 12683 ng/m” and 6965.125#/L, respectively. The
mean particle diameter was around 0.2-0.225 pm. Near the
ground, accumulated particles were mostly small particles. As
shown in the backtrack trajectory (Figure 8A), pollution
transportation from the underlying surface contributed to this
heavily polluted layer. Our results accorded with what Sun et al.
the BC
concentration fluctuated around 4,000-6,000 ng/m® and the

(2013) previously concluded. Within layer |,
aerosol concentration peaked at 950m with a value of
5438.416#/L. The mean diameter decreased from the top of
layer | to 800 m, and the minimum value was 0.188 pm. Near
the top of layer Il (1,000-1200 m), the mean diameter was
enlarged up to 0.25 pm. Thermal inversion can restrain the
vertical transportation of pollution to the higher atmosphere,
and hence, pollutants were accumulated below the thermal
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inversion layer. The peak values of both relative humidity and
pollutant concentration appeared almost at the same altitude. For
both layers | and I, aerosol concentration shows a better
with than BC
concentration. The correlation coefficient of BC and aerosol

correlation  result relative  humidity
concentration in layer | is 0.66 and 0.92, respectively, and
0.74 and 0.9 in layer II.

A distinct dropping in pollutant concentration was noted
within the 1,150-1,200 m inversion layer. The upward transport
of pollutants was impeded by this strong thermal inversion. The
concentrations of BC and aerosol at 1150 m were 4292 ng/m* and
2855.219#/L, respectively. At 1200m, the concentrations of BC
and aerosol dropped to 537 ng/m’® and 1757.318#/L. Again, due
to the thermal inversion, pollutants in layer Il cannot be
transported into layer lll. Therefore, the concentrations of
both BC and aerosol was comparatively low in layer lll. The
concentrations range of BC and aerosol were 500-1500 ng/m’
and 1,200-1800#/L. Meanwhile, the mean diameter of aerosols
was 022 pum with slight variation. Since the pollution
concentration was already low in layers Ill and IV, the thermal
inversion at 2,000 m hardly affected the pollutant concentration.

The vertical profiling on the 16th was dived into three layers,
including ground to 350 m, 350-1,000 m, and 1,000-1980 m
(labeled as I, II, and Ill in Figure 7). Two thermal inversion
layers were defined in 350-400 m, and 800-1000 m. The
350-400 m inversion was relatively weak with a value of
0.43°C/100 m. Below each the

humidity increased with height.

inversion layer, relative

The layer | was below the 350-400 m inversion layer. Above
this inversion layer, the temperature remained almost unchanged
around 400-500 m. This will block the vertical transportation of
pollutants, and the pollutant concentration hardly changed with
height within layer . The average mass concentration of BC and
number concentration of aerosol are 8857.9ng/m’ and
5964.458#/L. Near the inversion layer (350 m), the BC

concentration dramatically dropped to 4000 ng/m’. Within
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this inversion layer, BC concentration rapidly increased to
9,633 ng/m’
transported to this altitude and upwards since the thermal

at 400 m. Underlying pollutants can be
inversion was weak (Figure 7D). Meanwhile, the number
concentration of aerosols barely changed below and above the
inversion layer. The weak thermal inversion near the ground
hardly affected the vertical transport of aerosols but affected the
BC distribution. Both BC and aerosols concentrations were
maintained at relatively high levels in layer Il. The bottom
isothermal layer (400-500 m) and the top inversion layer
(800-1,000 m) were responsible for pollutant accumulation in
this layer. The peak concentrations of BC and aerosol in the
isothermal layer were 10422 ng/m’ and 6283.851#/L. Below the
thermal inversion layer, the highest concentrations were
12873 ng/m® and 6612.291#/L, respectively.

The intensity of thermal inversion in layer 800-1,000 m was
1°C/100 m and the pollutant concentration dropped rapidly
within the inversion layer. At 800m, BC and aerosol
concentrations were 9379 ng/m’ and 5466.911#/L, and the
concentrations dropped to 960 ng/m’ and 1,494.99#/L at
1,000 m, respectively. The mean diameter of aerosol particles
varied around 0.21-0.22 um in layers | and Il. The aerosol
concentration in layer |l decreased with height while BC
concentration fluctuated at a low level. The thermal inversion
at 800-1,000 m blocked the vertical transport of pollutants from
layer II.

On both the 14th and 16th, values of 96/az in all layers were
higher than zero, which were all defined as stable layers. Hence,
within these layers, thermal conditions were not favorable for the
vertical transportation of pollution. Aerosol particles were
enlarged through moisture absorption, which was confirmed
by the increasing relative humidity. As a result, the aerosol
concentration increased. On the 16th, the heights of thermal
inversion layers were lower compared to the 14th. This led to
pollution accumulation below the inversion layers and the peak
concentrations were closer to the ground. Compared to the 14th,
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the BC concentration increased more significantly than the
aerosol concentration on the 16th. At 55m, the BC and
aerosol concentrations were 9861 ng/m’ and 6662.823#/L on
the 16th, but 6519 ng/m® and 5797.351#/L on the 14th.

3.3 Backward trajectory

Regional transport has an important effect on the
distribution of pollutants (Shen et al., 2022). To investigate
the effect of regional transport on the vertical distribution of
pollution, we chose the altitude with peak concentration values of
and aerosols for backward trajectory simulation, which was 275m
and 950 m on the 14th, and 625 m on the 16th, namely. The 48-h
backward trajectories (UTC Time) were presented in Figure 8.

On the 14th, the air masses at 275m and 950 m both
originated from the Bohai Sea but moved in different
trajectories (Figures 8A,B). Before the 14th 14:00, the 275 m
air mass was first moving towards the southwest and then
northwest, close to the ground. Afterward, the air mass
elevated till arriving at 275 m above the observation location.
The concentration of PM, 5 in Hengshui and Cangzhou exceeded
110 pg/m®. This indicated that air at 275 m was mostly polluted
from the underlying surfaces. The air mass at 950 m first moved
further to the southwest and then to the northeast. After the 13th
20:00, the air mass rose from the ground till reaching 950 m. The
high level of the polluted level at 950 m was a result of both
thermal inversion blocking and distant transport of pollution.
This trajectory detour was considered highly linked to
atmospheric circulation. On the 16th (Figure 8C), the air
mass originated from the Shanghai region and kept moving
northwards to the observation location. After the 15th 08:00,
the air mass reached the height of 500 m and stayed at this height.
This indicated a relatively stable atmosphere, not favorable for

Frontiers in Earth Science

08

pollution dispersal. To conclude, ground pollution was mostly
from local sources but pollution in the higher air also came from
distant regional sources. Besides, the southerly air was
responsible for the distant transport of pollution.

3.4 Aerosol spectrum density distribution

The particle size distribution is one of the determining factors
for aerosols’ transportation, lifetime, and optical properties in the
atmosphere. Particles from different sources will show different
features of spectral distribution. Besides, the atmospheric
condition will largely affect the microphysical processes of
moisture absorption and particle coagulation, and as a result
of particle size spectrum will be changed (Sheng et al., 2003).

The aerosol spectral density distribution in the vertical
observation phase was stratified with the same height
As
Figure 9A, aerosols were mostly dispersed in layers | and Il on

according to the potential temperature. shown in
the 14th. From ground to 250 m, aerosol particles were
distributed within the range of 0.12-0.45um. Around
250-400 m, high values were found at 0.125-0.15um and
0.2 um. The corresponding height was consistent with the
height of maximum concentration (Figure 6B). A diameter of
0.14 um was recorded with the highest concentration of 749.26#/
L. Since aerosols in layer | were mostly from the underlying
surface (Figure 8A), small particles took the majority in the
transportation.

Compared to layer |, aerosols in layer Il were larger with
higher number concentrations. The diameter range was between
0.2 and 0.5 pm. Below the thermal inversion layer, the relative
humidity was relatively high and aerosols can grow through
moisture absorption (Figure 6E). The aerosol concentration
peaked at 950 m and around this height particle within

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1066610

Zhou et al.

0.3
partical size(pm)

FIGURE 9

10.3389/feart.2022.1066610

#/L

1750

1500

1250

1000

Hight(m)

~
Pl
s

500

0.4
partical size(pm)

The particle size distribution of aerosols from PCASP probe during vertical soundings on November 14th (A) and 16th (B), 2020. The black

dotted lines divide the vertical altitudes into four layers based on 96/az.

0.35-0.45 pm also had the highest number concentration. The
thermal inversion layer can block the vertical transport of
pollutants, and thus, aerosol number concentrations were
rather low in both layers lll and IV.

On the 16th, the aerosols were also mainly spread in layers |
and Il but the particle diameter enlarged into 0.35-0.4 pm
(Figure 9B). Among, particles of 0.4 um was found with a
maximum concentration of 943.58#/L. The lapse rate of
temperature in layers | and I was relatively small, indicating a
stable atmosphere. Aerosols with concentrations higher than
600#/L were less in layer | than in layer Il. Aerosols around
0.3-0.4 um, the number concentration of particles were also less
in layer | than in layer Il. Again, the thermal inversion prevented
the vertical transportation of pollutants to layer Ill.

The relative humidity was higher on the 16th than the 14th,
which was more favorable for particles growing through moisture
absorption. On the 16th, both wind shear and thermal inversion
exacerbated the pollution accumulation. Therefore, the diameters
of aerosol particles were larger with higher number
concentrations. The height of the thermal inversion layer was
lower on the 16th. This also explained the higher aerosol
concentration on the 16th below 800 m.

4 Conclusion

In this article, we analyzed a heavily polluted event that
occurred in Shijiazhuang on November 14th~17th, 2020.
Ground and airborne meteorological and pollutant monitoring
data were combined for the analysis of this heavily polluted event,
specifically the meteorological causes and the vertical distribution
of pollutants.
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This heavy pollution event was dominated by PM, 5 with a
highest concentration of 209 pg/m®. During the whole polluted
period, the Shijiazhuang region was under the control of a high-
pressure ridge. Winds were mostly westerly winds in the upper
air but northerly near the ground. Ground winds were lower than
1 m/s and convergences were found in the ground wind field. The
atmosphere maintained a stable status and the vertical motion
was weak.

Pollutants were accumulated below the thermal inversion
layer and the highest concentration was found on both the
14th and 16th just below the inversion layer. On the 14th,
both BC and aerosol concentrations showed unimodal
distribution, and the highest concentrations of BC and
aerosols were 12683 ng/m’ and 6965.125#/L at 250 m
within layer I. In layer Il, the concentrations of BC and
aerosols were distinctly low due to the transport
inhibition of the thermal layer. On the 16th, the thermal
layer near ground was rather weak that pollutants in layer |
can be transported into layer II.

Distant transport of pollutants also contributed to this
continuous haze event. On thel6™, before reaching the
Shijiazhuang region, air mass in layer | was moving close to
the ground. Apart from the vertical transport of the underlying
surfaces, the continuous high-level pollution in layer Il was also
sourced from regional transport.

Aerosols were mostly dispersed in layers | and Il on both
14th and 16th. On the 14th, small particles within
0.125-0.15um were the most particles near the ground
where below the inversion layer 1,150-1230 m large aerosols
around 0.4 um had the highest concentration. On the 16th, the
thermal and vapor conditions were more favorable for aerosol
accumulation.
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