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Fig. 1 Daily averaged variation of aerosol optical depth at 440 nm.675 nm,870 nm and 1020 nm

in Beijing in Jan 2018
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Fig. 3 Temporal and spatial distribution of extinction coefficient and depolarization ratio

at 532 nm in Beijing from 25 Jan to 28 Jan in 2018
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28 Int = —1.75In3+9. 79 0. 96
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Aerosol Optical Properties and Radiative Effects During
a Pollution Episode in Beijing

Liang Yuanxin” Che Huizheng” Wang Hong"” Peng Yue” Zhang Yangmei” Tao Fa”
Y (State Key Laboratory of Severe Weather (LASW) & CMA Key Laboratory for Atmospheric Chemistry
Chinese Academy of Meteorological Sciences. Beijing 100081)

2 (CMA Meteorological Observation Center » Beijing 100081)

Abstract

Based on continuous observations of aerosol optical properties from sun-photometer and PM, ; concen-
tration, the variation of aerosol optical depth, single scattering albedo and asymmetry factor during a pol-
lution episode in Beijing from 25 January to 28 January in 2018 are analyzed. Combined with Raman-Mie
Lidar vertical detection, the vertical variation of aerosol extinction coefficient is analyzed in detail. Based
on ground-based observations, using a shortwave radiative transfer model, the shortwave radiative heating
rates under the clear sky background during the pollution episode are calculated. Results show that under
clean condition (25 January 2018), the average daily PM, ; concentration is 19. 00 ug » m™’, aerosol optical
depth at 440 nm is 0. 13, single scattering albedo is 0. 87, and the extinction coefficient of aerosol is less
than 0. 10 km™'. During the pollution episode (26—27 January 2018), the average daily PM, ; concentra-
tion is 83. 21 pg *+ m *, aerosol optical depth is 2. 48, single scattering albedo increases to 0. 94, the main
aerosol extinction layer height increases to 3. 00 km and the mean extinction coefficient of the whole layer
is 0. 43 km™'. The aerosol layer can heat the atmosphere evidently, the magnitude of radiative heating
rates by aerosol depends on distribution of the aerosol in the vertical direction, and the heating rate under
the concentrated heating layer decreases rapidly. Under clean condition, extinction coefficient is less than
0.1 km™ ! which causes the shortwave radiative heating rate of aerosol layer within 10. 00 K « day '. Dur-
ing the pollution episode, the strong heating effect in the middle and upper aerosol layers (1. 50 —

', while the lower

3.00 km) where the average shortwave radiative heating rate reaches 13. 89 K + day™
aerosol layer (within 1. 50 km) has a weak heating effect, and the average shortwave radiative heating rate
within 1. 50 km is only 0. 99 K « day !. Heating rate accuracy is affected by single scattering albedo, the
increased aerosol scattering ability would weaken the heating effect on the atmosphere, and the heating
rate in pollution condition is more sensitive to changes of aerosol scattering ability. With the mean extinc-

', the increase of single scattering albedo from 0. 87 to

tion coefficient of the whole layer being 0. 43 km™
0. 94 cause the heating rate of the upper and middle aerosol layers decreases by 3.74 K « day ', while the

heating rate of the lower aerosol layer increases by 0. 81 K « day ! on 27 January 2018,

Key words: Lidar; aerosol extinction coefficient; vertical profile; radiative heating rate; Beijing



