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Abstract: An unmanned aerial vehicle (UAV) was used to carry on portable instruments to
measure vertical profiles of temperature, specific humidity, and particulate matter under different
haze-polluted weather conditions in Nanjing from December 22, 2017 to January 18, 2018. The
study is aimed to assess the impact of aerosol radiative effect on the atmospheric boundary layer
(ABL) and entrainment zone structures as well as their evolution between one day with heavy
haze pollution and another with good air quality. Vertical profiles of potential temperature, water
vapor, and PMbs concentrations are characterized by performing detailed analyses on
UAV-measured vertical profiles and surface observations including surface heat flux, 2-m air
temperature, specific humidity, winds, and major air pollutants (e.g., O3, PM25) under different
air pollution conditions. Results indicate that aerosols reduce surface-reaching solar radiation and

surface sensible heat flux, postpone the development of the ABL, enhance the atmospheric



stability near surface, decrease the ABL height, and exacerbate air pollution. The maximum
concentrations of PMzs and the largest increase rate were observed at the top of the ABL rather
than near surface. Furthermore, aerosol radiative effect imposes an important impact on
entrainment and its characteristic parameters. The entrainment-zone depth increases with
increasing surface PM»s concentrations, and entrainment rate normalized with convective
velocity does not follow -1 power function with the convective Richardson number under heavy
haze or PM2s pollution conditions, which is consistent with the findings by the large-eddy
simulation studies. The study indicates that aerosol radiative effect must be included in the ABL
and entrainment parameterization schemes to further improve numerical predictions of weather

and air quality under heavy pollution conditions.

Keywords: Aerosol Radiative Effect, Planetary Boundary Layer, Entrainment, Unmanned Aerial

Vehicle (UAV)
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Table 1. A summary of key technical indicators of the instruments used in the atmospheric

boundary layer field experiment.
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Fig. 1 A comparison of PM; 5 concentrations measured by UAV-PDR-1500 (PM, 5-PDR)
with by Thermo beta ray particle monitor FH62C14(PM3; s5-B-ray) under different relative
humidity (RH) conditions (solid circles represent RH and the dotted line is the 1:1 line).
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Fig. 2 Time series of surface temperature, relative humidity, wind speed, wind direction, O3,
PM: 5 observed at Luoqiao Test Station (118°37'E, 32°30'N) and Nanjing Environmental

Monitoring Station(Average of all sites in Nanjing) from December 23, 2017 to January 18,
2018.
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Fig. 3 A comparison of vertical profile of PM..s, potential temperature, and specific humidity

measured at Yongfeng on December 23, 2017 (left) and January 12, 2018 (right).
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Fig. 4 (a) Diurnal variation of 2-m air temperature and (b) surface sensible heat flux on

December 23, 2017 (left) and January 12, 2018 (right).
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Fig. 5 The relationship between surface sensible heat flux and PMa.s concentrations.
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B nE] 160 pg-m> I, HIREHGEEI/D T 72%. [FS, SR E R 12 i R 35 ek
oy, INKITHLE KSR . b, 10 B % 16 I, H 58 HrH 2 EE IR E N 0.49~0.86
K/100m, T+ H4 0.81~1.09 K/100m. X 5iKESE (2018) LEREEMIMIK 45 RAH— 2.
AR IR S BB 512 FLE NS Bl o WU R BE AT, R IR B B R B
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Table 2. A comparison of measured temperature (7) , surface PMz 5 concentrations, surface

sensible heat flux (Hs), planetary boundary layer height (PBLH), entrainment thickness (A4#),
friction velocity (u, ), the winding speed (we), the convection speed scale (W, ) between

December 23 and January 12 (the values represent the maximum ones on each day).

PM> s PBLH Ah u, We w,

H ° )
H #H I(C) (ng m'3) Hs(W m 2) (m) (m) (m S-1) (m S_l) (m S'l)

1231273 14.2 163.61 48.50 490 249 0.13 (015 0.67

2018. 38.65 150.84 811 150 024  0.031 1.33
01.12 17

PAAENSRE S — A EER, HIGERELEEDY 0.13 m s, LT3 H K 1 46%(0.24
m-s) 5 XPREERE, IR RIS R AL, H IR SO RE RN 0.69 mesT,
L3 RKEEE T 50% (1.37mes™) (WK 2) . mikEKSE FEOLFZRKIEER, ik
FRRRE. inEEH (12 A 23 H) s ARl i e H (0 H 12 B
JEIR T 2 AR, B R HAE M RAR T T AR AR R (54 meh! AT 112

m-h'); A FE R E R BAR T KR EBARNIA R . fHEIR N, S0z
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Fig.6 Change in entrainment thickness with PMas concentrations near surface.
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