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HIGHLIGHTS

o The evolution of planetary boundary layer heights (PBLHs) in Nanjing and Beijing differ.
e The PBLH is more sensitive to the variation in PM; s mass concentration in Nanjing than in Beijing.
e Aerosol type makes a difference in aerosol-PBL interactions in Nanjing and Beijing.

ABSTRACT

The evolution of the planetary boundary layer (PBL) and the effect of aerosols on the PBL in Beijing and Nanjing were compared based on measurements made during
two long-term field campaigns. Monthly PBL height (PBLH) trends in Nanjing and Beijing were similar, opposite to those of the mass concentration of particles with
diameters less than 2.5 pm (PMy5). This phenomenon was more obvious in Nanjing than in Beijing. The negative correlation between PBLH and PM; 5 mass con-
centration was weaker in Nanjing than in Beijing. The PBLH varied during the day. Heavy aerosol pollution made this variation weak in autumn and winter in
Beijing. Further results suggest that out of all the seasons, summertime PM, 5 had the greatest influence on the evolution of the PBL. The PBLH was more sensitive to
the variation in PM3 5 mass concentration in Nanjing than in Beijing. Aerosol type (scattering or absorbing) had a weak effect on the evolution of the PBLH in Nanjing,
but absorbing aerosols played a dominant role in Beijing. Our results highlight the cross-regional difference in aerosol-PBL interactions.

1. Introduction

The planetary boundary layer (PBL) is the atmospheric layer closest
to the Earth’s surface. Meteorological conditions in the PBL have a direct
impact on human activities (Garratt, 1994). The PBL is a key layer for
the interaction of various systems of the Earth (Stull, 1988). The vertical
transport of heat, momentum, and water vapor is driven by turbulent
processes in the PBL, leading to strong diurnal variations of meteoro-
logical variables near the surface. The PBL height (PBLH) is about 1-1.5
km. The PBLH is a key parameter indicating turbulent mixing, air up-
draft, convective cloud initiation and development, atmospheric
pollutant diffusion, and atmospheric environmental capacity (Therry
and Lacarrere, 1983; Hong and Pan, 1996; Beyrich, 1997; Collier et al.,
2005; Qu et al., 2017). Multi-scale processes in the PBL are thus
important in many models, including mesoscale meteorological models,
atmospheric circulation models, numerical weather prediction models,
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global climate models, and air quality models. The PBLH is affected by
many factors, such as wind speed, clouds, surface temperature, and
surface humidity. On the one hand, these factors, e.g., clouds, play an
important role in changing the amount of solar radiation reaching the
ground, which is closely related to the temporal variation of the PBLH
(Tie et al., 2007). On the other hand, factors such as wind speed affect
turbulence (Guinot et al., 2006), further affecting the evolution of the
PBL (Wei et al., 2017).

Aerosols affect the PBLH by influencing the transfer of solar radiation
(Kan et al., 2008; Deng et al., 2010; Park et al., 2016; Li et al., 2017).
According to their optical properties, aerosols can be divided into
scattering and absorbing aerosols. Scattering aerosols scatter solar ra-
diation, leading to negative radiative forcing that cools the ground and
the atmosphere. Absorbing aerosols absorb solar radiation, producing
positive radiative forcing, which heats the atmosphere (Yu et al., 2002;
Jacobson and Kaufman, 2006; Jacobson et al., 2007; Zhang et al., 2010;
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Forkel et al., 2011; Péré et al., 2011; Miao et al., 2017; Qu et al., 2017;
Song et al., 2021). The interaction between aerosols and the PBL mainly
manifests as aerosols inhibiting sensible and latent heat surface fluxes.
This disturbance of the ground energy balance and atmospheric radia-
tion by aerosols causes changes in meteorological parameters, affecting
the structure and development of the PBL (Yu et al., 2002; Jacobson and
Kaufman, 2006; Jacobson et al., 2007; Péré et al., 2011; Su et al., 2020).
This, in turn, affects aerosol concentrations and their distributions
within the PBL (Forkel et al., 2011; Zhang et al., 2010).

Many studies have investigated aerosol-PBL interactions in China, as
reviewed by Li et al. (2016, 2017), concluding that absorbing aerosols
not only alter atmospheric thermodynamics and stability but also push
down the PBLH. Miao et al. (2017) used multi-source data to study the
relationship between near-surface particulate matter (PM) and the
summertime PBLH near Beijing, finding that synoptic patterns have an
important impact on aerosol-PBL interactions. Pan et al. (2019) found
that there was a negative nonlinear correlation between the PBLH and
the mass concentration of PM with diameters less than 2.5 pm (PM3 s) in
Shanghai. When the PBLH was less than 400 m, the change in PMj 5
tended to be extremely sensitive to the change in PBLH. In addition,
correlations between the PM, 5 mass concentration and the PBLH were
higher in spring and winter than in other seasons. Song et al. (2021)
reported that there was also a significant negative correlation between
the PBLH and PM; 5 mass concentration in Guangzhou. In Nanjing, Qu
et al. (2017) suggested that there was a strong correlation between the
PBLH and PM, especially under heavy aerosol pollution conditions. A
low PBLH often occurs under conditions of low wind speed and high
relative humidity, leading to a high PMj 5 mass concentration and low
visibility, enhancing the stability of the PBLH.

The effect of absorbing aerosols on the evolution of the PBL has
recently attracted much attention. Yu et al. (2002) and Pandithurai et al.
(2008) used the one-dimensional Coupled Atmosphere-Plant Soil model
to investigate the effect of absorbing aerosols on the evolution of the
PBL. They found that absorbing aerosols can heat the atmosphere in the
PBL, reducing the amount of solar radiation reaching the ground and
reducing the water vapor content in the PBL. In the Pearl River Delta
region, Wendisch et al. (2008) discussed the effect of absorbing aerosol
radiative forcing on the PBL, showing that downwelling solar fluxes at
the surface decreased by 160 W m 2 and that the maximum heating rate
at the top of the aerosol layer was 7-8 K d*. Absorbing aerosol radiative
forcing led to the generation of a more stable PBL structure, lowering the
PBLH. Ding et al. (2016) demonstrated that absorbing aerosols induced
heating in the PBL, particularly in the upper PBL, and that the resulting
decreased surface heat fluxes substantially suppressed the development
of the PBL.

In summary, previous studies have investigated aerosol-PBL in-
teractions at different locations in China. Lee et al. (2007) noted that the
amounts of scattering and absorbing aerosols are diverse across China.
More studies differentiating the effects of scattering and absorbing
aerosols on the evolution of the PBL are needed. For these reasons, this
study compares aerosol-PBL interactions in two megacities, i.e., Beijing
and Nanjing, located in the North China Plain and the Yangtze River
Delta, respectively. The goal is to acquire a deeper understanding of the
effect of aerosol properties on the evolution of the PBL.

This paper is structured as follows. Section 2 presents details about
the experiments and methodology. Section 3 discusses and analyzes the
monthly and seasonal variations of PBLH and PM3 5 mass concentration
and the effect of aerosols on the evolution of the PBL. Major conclusions
are summarized in section 4.

2. Experiments and methodology
2.1. Observation sites and field campaigns

Measurements made in Nanjing and Beijing (Fig. S1) are used in this
study. A long-term comprehensive field experiment lasting for more
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than two years (from August 2017 to October 2019) was conducted at a
suburban site in Beijing (39.81°N, 116.48°E), followed by a one-year
campaign from August 2020 to December 2021 in Nanjing (32.18°N,
118.72°E), during which aerosol properties and the PBL were measured
and derived, respectively.

The Beijing site is located along the south of the 5th beltway, at the
Beijing Meteorological Observatory which serves as a baseline station
providing many routine meteorological measurements to the China
Meteorological Administration. These routinue measurements are sup-
plemented with measurements conducted to test new instruments. It is
surrounded by the Fifth Ring Road (semi-highway), industrial parks, and
residential communities. Aerosol sources in this area are mainly from
anthropogenic emissions. Wang et al. (2021) provided more information
about this site.

The Nanjing site is located on the campus of the Nanjing University
of Information Science and Technology. Nanjing is one of the central
cities in the Yangtze River Delta, with a population of 9.3 million.
Influenced by the monsoon system in East Asia, the prevailing wind
direction in Nanjing changes greatly between different seasons. North-
east winds dominate in winter, and east and southeast winds dominate
in summer. Aerosol sources in this region vary and include industrial
emissions, traffic emissions, biomass burning, and the transmission of
dust aerosols from northwestern China. The aerosol composition is thus
complex in Nanjing.

2.2. Instrumentation

The instruments used in the experiments included a micro-pulse lidar
(MPL; Sigma Space Corp.), an Aerodyne aerosol chemical speciation
monitor (ACSM), and a seven-wavelength aethalometer (AE-33, Magee
Scientific Corporation).

The MPL pulse repetition rate was 2.5 kHz at the 532-nm wave-
length. The vertical resolution of backscatter profiles was 15 m, and the
temporal resolution was 10 s. Due to the incomplete laser pulse, there
was a 150-m blind zone near the surface. As a standard procedure,
background subtraction, saturation, overlap, post pulse, and range
correction were applied to raw MPL data to derive the normalized signal
(Campbell et al., 2002, 2003).

The ACSM was equipped with a PMj 5 lens system, capture vaporizer,
and quadrupole mass spectrometer measuring the mass concentrations
of non-refractory aerosol chemical species in PMj 5, including organics
(Org), nitrate (NO3), sulfate (SO?{), ammonium (NHZ), and chlorine
(CI7) (Peck et al., 2016; Xu et al., 2017; Zhang et al., 2017; Wang et al.,
2021). The mass concentration of black carbon (BC) aerosols was
measured by the AE-33 aethalometer. In this study, aerosol chemical
compositions detected by the ACSM were identified as scattering aero-
sols, while BC detected by the AE-33 aethalometer were identified as
absorbing aerosols. The PMy s mass concentration was obtained by
adding the mass concentrations of the two types of aerosols.

2.3. Calculating the PBLH

Based on atmospheric optical characteristics, the PBLH is usually
determined as the height at which the negative gradient of the back-
scatter coefficient detected by the ground-based MPL first appears
(Boers and Eloranta, 1986). This is because there is always a large
gradient of aerosols between the boundary layer and the free tropo-
sphere. Therefore, the PBLH is considered to be the midpoint of the
entrainment zone. The measurements have been widely used (Liu et al.,
2016; Pan et al., 2019) and we used this measurement to calculate the
PBLH in the daytime [from 08:00 Beijing Time (BJT) to 18:00 BJT].

According to the algorithm proposed by He et al. (2006), the original
signal obtained by the MPL is

QC(Z)C:fﬁ(Z)TE +1(2) + 1 (2)
DTC[P(z)]

p(z)= €8]
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where p(2) is the measured signal return in photoelectron counts per
z
second at range z, T? = exp(—2 / o(r)dr) is the atmospheric trans-
0
mission, o(r) is the extinction coefficient of the laser source to the target,
Qc(2) is the overlap correction factor in the transceiver system, C is the
dimensional system calibration constant, E is the transmitted laser pulse
energy, f(z) is the backscatter cross-receiver system, n, is the back-
ground contribution from ambient light, ng, is the pulse correction after
the run of the detector, and DTC is the detector offset dead-time
correction. After the above correction, the normalized relative back-
scatter (NRB) signal can be obtained, calculated after correction as

NRB(z) = {p(z) x DTC[P(z)] — ny(z) — nap(2) } x 2 (2)

The vertical profile of NRB(z) reflects the vertical profile of atmo-
spheric aerosols. The normalized lidar range-corrected signal (RCS)
gradient (NSG) is defined as

NSG(z) = 2NREG) ®3)

7" Az x NRB(z)

where Az is the lidar vertical resolution. With this algorithm, the PBLH is
determined as the altitude where the normalized RCS gradient reaches a
minimum (Pan et al., 2019).

To reflect the impact of aerosols on the PBLH accurately, data during
precipitation periods were excluded from the analysis.
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3. Results and discussion

3.1. Monthly and seasonal variations of PBLH and PM3 5 mass
concentration in Nanjing and Beijing

Fig. 1 shows monthly variations of PBLH and PM; 5 mass concen-
tration in the daytime in Nanjing and Beijing. PBLHs in Nanjing and
Beijing had similar monthly trends (Fig. 1a). PBLHs in summer and
autumn months were higher than in winter and spring months, with the
PBLH reaching its maximum value in July. Due to differences in
observation period and region, the PBLH over the two sites differed. The
PBLH over Beijing was significantly lower than that over Nanjing for all
months. The average PBLH over Nanjing was about 200 m higher than
that over Beijing. PBLH differences between Nanjing and Beijing were
relatively small in winter.

Monthly variations in PMy s mass concentration in Nanjing and
Beijing (Fig. 1b) show that the PMj 5 mass concentration in Beijing was
always higher than that in Nanjing except in September. The monthly
mean PM, 5 mass concentration in Beijing peaked at 66.48 pg/m® in
November, attributed to three heavy pollution processes that occurred
then (Fig. S2). Comparing the monthly variations of PBLH and PM; 5
mass concentration, the opposite PBLH and PM; 5 mass concentration
trends in Nanjing are more clearly seen than in Beijing. In July, the PMy 5
mass concentration in Nanjing was at its lowest, and the PBLH was at its
highest. This is because the high PBLH can enhance the vertical
dispersion of PMj s. This inverse correlation between PBLH and PMj 5 is
consistent with previously reported results (Qu et al., 2017; Lou et al.,
2019).
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Fig. 1. Monthly variations of (a) PBLH and (b) PM, s mass concentration in Beijing (black lines) and Nanjing (blue lines).
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Fig. 2 shows seasonal variations in PBLH at the two sites. The mean
PBLH and its variability in summer in Nanjing (0.35-1.49 km, with a
median value of 0.97 km) were higher than those in other seasons. In
winter, the mean PBLH was at its lowest (0.29-1.16 km, with a median
value of 0.73 km). The PBLH in autumn was slightly lower than in
summer, with a median value of 0.94 km. The PBLH in spring was
0.27-1.40 km, with a median value of 0.82 km.

The PBLH and its variability in summer in Beijing were also at their
highest (0.33-1.17 km, with a median value of 0.73 km) in all seasons.
The high PBLH in summer is likely related to the high temperature in
summer. High temperatures are conducive to the development of the
PBL (Stull, 1988). The highly variable PBLH in summer is likely caused
by the various synoptic patterns in this season. PBLHs in spring, autumn,
and winter are similar in Nanjing, with median values of 0.71 km, 0.70
km, and 0.70 km, respectively. During these three seasons, more than
90% of PBLH values were between 0.34 and 0.99 km. At both sites, the
PM,; 5 mass concentration was lowest in summer and highest in winter
(Fig. S3). Overall, the seasonal trend of PBLH was opposite to that of
PM, 5 mass concentration.

3.2. Effect of aerosol pollution on the evolution of the PBL

Fig. 3 shows the daytime variations of PBLH and PMj 5 mass con-
centration at the two sites in different seasons. PM5 5 mass concentra-
tions clearly varied during the day in Nanjing and Beijing, especially in
Nanjing. However, daytime variations of the PBLH in autumn and
winter in Beijing were relatively small. The sharp increase in PM; 5 mass
concentration in autumn and winter in Beijing may be one of the reasons
for the inhibition of the development of the PBL over Beijing.

Fig. 3 also shows that the daytime variations of PMy 5 mass con-
centration in different seasons differed between Beijing and Nanjing. In
Nanjing, minimum values appeared at ~16:00 BJT. In Beijing, minimum
values appeared in the afternoon (also at ~16:00 BJT) in spring and
summer, while they appeared in the morning (at ~10:00 BJT) in autumn
and winter. In addition, PM, 5 mass concentrations always decreased
with the lifting of the PBL in the daytime. Figs. S4 and S5 further show
that the PBLH and the PMj; 5 mass concentration are negatively corre-
lated in all seasons at the two sites. The influence of PM5 5 mass con-
centration on the development of the PBL is similar in different seasons
but to different degrees.

To study the effect of aerosol pollution levels on the PBLH, days are
divided into four groups according to the daily mean PM5 5 mass con-
centration: clean days (PMys < 35 pg/m®), mildly polluted days (35 pg/
m® < PMy 5 < 75 pg/m>), moderately polluted days (75 pg/m> < PMy 5
< 115 pg/m>), and heavily polluted days (PMy5 > 115 pg/m>). Fig. 4
shows daytime variations of the PBLH for these four groups in Nanjing
and Beijing. The PBLH decreased significantly with increasing levels of
aerosol pollution at the two sites, indicating that the PM; 5 mass con-
centration affects the PBLH. This decrease in PBLH as the pollution level
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increased was greater in Nanjing than in Beijing. On moderately and
heavily polluted days, the PBLH weakly varied at the two sites, illus-
trating that other factors (such as solar radiation) have little influence on
the evolution of the PBL when PMjy 5 mass concentrations are high.
Fig. 4a also suggests that there was a large change in the PBLH from
mildly polluted days to moderately polluted days in Nanjing.

Compared with more polluted days, the development of the PBL is
more clearly seen on clean days. This also indicates that an increase in
PM, 5 can inhibit the development of the PBL. For example, in Nanjing,
the daytime PBLH on moderately polluted days only reached 400-500
m, while the PBLH on clean days reached 800-1000 m (Fig. 4a). Also,
the maximum value of the PBLH appeared at 14:30 BJT on clean days,
half an hour earlier than on moderately polluted days. This is likely
because the lower amount of solar radiation reaching the ground and
weak atmospheric turbulence is not beneficial to the development of the
PBL under high aerosol pollution conditions.

Density diagrams of the relationships between PBLH and PM; 5 mass
concentration and their fitted curves for the two sites show negative
correlations, both with low coefficients of determination (Fig. 5). This is
because other factors, such as turbulence, temperature and humidity,
weather patterns, and atmospheric stability, also affect the PBLH (Tie
etal., 2007; Freire and Dias, 2013; Blay-Carreras et al., 2014; Reen et al.,
2014). The correlation between the PBLH and PM, 5 mass concentration
was stronger in Beijing than in Nanjing.

Fig. 5 also shows that the correlation between PBLH and PMs 5
weakened as the PMy 5 mass concentration increased, consistent with
the results shown in Fig. 4. In this study, the ratio of PBLH to PM; 5 mass
concentration (PBLH/PMa 5, unit: m*/pg) is proposed to quantify the
effect of aerosol pollution on the evolution of the PBL (Pan et al., 2019).
A higher PBLH/PM3 5 means a stronger impact of PMy 5 on the PBLH.
Mean PBLH/PM; 5 values in spring, summer, autumn, and winter in
Nanjing are 29.6, 38.8, 30.5, and 24.5, respectively, while in Beijing,
they are 12.5, 20.4, 14.1, and 14.5, respectively. This suggests that
summertime PMj 5 has the greatest influence on the evolution of the PBL
at the two sites. Also, the PBLH/PM, s ratio in Nanjing is always higher
than that in Beijing, indicating that the PBLH is more sensitive to the
variation in PM3 5 mass concentration in Nanjing.

3.3. Differentiating the impact of scattering and absorbing aerosols on the
PBLH

For differentiating the impact of scattering and absorbing aerosols on
the PBLH, the mass ratio of scattering aerosols to BC (rBC) is calculated

to represent the relative content of the two types of aerosols: rBC =

Scattering aerosol
Absorbing aerosol®

that scattering aerosols have a stronger influence on the PBLH, while a
negative correlation means that absorbing aerosols have a stronger in-
fluence on the PBLH.

If the PBLH is positively correlated with rBC, this means

1.51 (a).Nanjing -

+

PBLH (km)

PBLH C(km)

T

T
1

| T
1

1 1
! 1

1

L
L - -+

L

T
1
051 1
1

Spring Summer  Autumn

Winter

151 (b);Beijing >
.
1
1
1
L

i

H
]
1
M
*
1 T 1
1 ' 1
' B B
=
: Ll %5
05} ! 1
1 ] ; 1
"' €L 4 T
Spring Summer Autumn Winter

Fig. 2. Box plots of seasonal PBLH in (a) Nanjing and (b) Beijing. Boxes show the 25th, 50th, and 75th percentiles. Extremities show the 5th and 95th percentiles.

Outliers are represented by red dots.



X. Huang et al. Atmospheric Environment 308 (2023) 119861

1.5 —r——r—r—r—r—r—r—32 _ 15 —T—Tr—r—Tr—Tr 60 _
= anjing,Spring wE 2 Beijing,Spring -
sl | -1 Ei
= sz =
@ o @ ~
o 26 E a E
05 ?
08 09 10 11 12 13 14 15 16 17 18 19 0508 08 10 11 12 13 14 15 16 17 16 15"
hour hour
2 15 e ———— a5
= e 2 Beijing,Summer L
£ » £
= 3 < 40 ?
~ 1 -
3 s 3 -
o = o
E & 35 =
0.5 %
08 09 10 11 12 13 14 15 16 17 18 19 08 09 10 11 12 13 14 15 16 17 18 19
hour hour
L 7 0 15 00,
2 Nanjing,Autumn : = |(b3) Beijing,Autumn 0
= 35 3 5 ’ %
5 ! ., = g0 2
] 30 =] «
o = g ] >
05 2~ 05 =
08 09 10 11 12 13 14 15 16 17 18 19 Y08 09 10 11 12 13 14 15 16 17 18 19
hour hour
15 . o 15 v ~——r - 6
2 ,Winter %= = |(b4) Beijing,Winter X
= E = 50 3
5 ! = 1 2
- “w s
@ p 5 F 40
o = o &
05 v ddps 2 8-
08 09 10 11 12 13 14 15 16 17 18 19 508 03 10 11 12 13 14 15 16 17 18 19

hour hour

Fig. 3. Daytime variations of PBLH (blue lines) and PM, s mass concentration (red lines) in spring, summer, autumn, and winter in (al-a4) Nanjing and (b1-
b4) Beijing.

1-5 T I ) 1 1 ] ] 1 I 1 L
(a) Nanjing PM,; unit:pg'm3 [—e—pm, <=35
@ 35<PM,, <=75
—e— 75<PM, <115
-~ [ — PM2.5>115
=
-
m
o
0.5 s
1 1 1 1 1 1 1 1 1 1 1

08 09 10 11 12 13 14 15 16 17 18 19

hour
1.5 Ll T Ll T T L Ll Ll Ll T L
(b) Beijing PM, s unit:pg'm> [—e—Pm, <=35
e 35<PM, <=75
—8— 75<PM, <=115
~ —p— PM, >115
E 1 )
T
]
m
o
A L L 1 1 L 1 L 1 1 1

08 09 10 11 12 13 14 15 16 17 18 19
hour

Fig. 4. Daytime variations of the PBLH at four pollution levels in (a) Nanjing and (b) Beijing. The heavily polluted level (PMy5 > 115 pg/m®) in Nanjing is missing
because there were no heavily polluted days during the measurement period.



X. Huang et al.

(a) Nﬁnpng

Atmospheric Environment 308 (2023) 119861

1.0"

PBLH (km)

0.519

0.08

Inereasing Density —

d-::-.. 3": ..

0 50

100

PM, (ngem?)

PBLH (km)

: y=2.05-0.27In(x+121.02)

0.3

R2=0.168

Increasing Density —

L
0 200

PM, (ug-m®)

L]
400

Fig. 5. Density diagrams of the relationship between PBLH and PM, s mass concentration in (a) Nanjing and (b) Beijing. The color of the dot represents the
probability, and red curves are fitted curves through the data. Logarithmic relations and coefficients of determination are given in each panel.

Fig. 6a shows a positive correlation between PBLH and rBC in
Nanjing (R = 0.13). This suggests that the evolution of the PBLH in
Nanjing is weakly affected by the difference in aerosol type. The scatter
in Fig. 6b is concentrated, showing a clear negative correlation between
PBLH and rBC in Beijing (R = —0.18). This indicates that absorbing
aerosols play an important role in the evolution of the PBL at that
location. Lee et al. (2007) reported that the aerosol single-scattering
albedo is generally lower in Beijing than in Nanjing. Considering that
both absorbing and scattering aerosols can inhibit the evolution of the
PBL, results presented here suggest that aerosol type makes a difference
in aerosol-PBL interactions in the two regions considered.

4. Summary and conclusions

The planetary boundary layer (PBL), the atmospheric layer closest to
the Earth’s surface, is a key region where various systems of the Earth
interact. Exploring the factors influencing the evolution of the PBL based
on field observations is important to constrain the effect of the PBL in
many models. This study first compares aerosol-PBL interactions in two
megacity stations (Beijing and Nanjing).

PBL heights (PBLHs) retrieved by the micro-pulse lidar suggest that
monthly PBLH trends in Nanjing and Beijing were similar. PBLHs in
summer and autumn were higher than in winter and spring, reaching
maximum values in July. The average PBLH in Nanjing was about 200 m
higher than in Beijing. In addition, PMj 5 mass concentrations in Beijing
were always higher than in Nanjing. There was an opposite monthly
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variation between PBLH and PM5 5 mass concentration, which was more
clearly seen in Nanjing in general, the PBLH and its variability were
highest in summer. This is likely related to the high temperature and
various synoptic patterns present in summer.

Overall, the PBLH clearly varied during the day in different seasons
in Nanjing and Beijing. However, daytime variations of the PBLH in
autumn and winter in Beijing were relatively small due to higher aerosol
pollution levels. PBLHs under different aerosol pollution conditions
were also compared. The PBLH decreased significantly as the PM 5 mass
concentration increased, as did its daytime variation. There was a
negative correlation between PBLH and PM,s mass concentration,
although the correlation coefficient was low. Compared with Nanjing,
the correlation between PBLH and PM,s mass concentration was
stronger in Beijing. All this suggests the impact of aerosols on the evo-
lution of the PBL.

The ratio of PBLH to PM; 5 mass concentration indicates that sum-
mertime PM; 5 had the greatest correlation on the evolution of the PBL

in all seasons. The PBLH in Nanjing was more sensitive to PMjy 5 mass
concentration variations than in Beijing. Further results suggest that the
evolution of the PBLH in Nanjing was weakly affected by the difference
in aerosol type. Absorbing aerosols played an important role in the
evolution of the PBL in Beijing. Our results highlight the regional dif-
ference in aerosol-PBL interactions due to aerosol type, a topic needing
more research in the future.
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