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Abstract: The simulation of light scattering characteristics of dust aerosol particles is mainly affected by
shape models. Based on the size distribution information of dust aerosol particles provided by the Optical
Properties of Aerosols and Clouds (OPAC) package, the light scattering characteristics of group dust
aerosol particles are numerically simulated to study their wavelength dependency. Three incident
wavelengths of 1064 nm, 532 nm and 355 nm are used for calculating the depolarization ratios of different
super-ellipsoid dust particles, and the simulation results show the depolarization ratios of 0.317, 0.397 and

0.446 for each wavelength respectively. Compared with the lidar measurements, the simulation
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depolarization ratio at 1064 nm wavelength shows the highest consistence, followed by the simulation
results at 532 nm wavelength. However, the simulation depolarization ratio at 355 nm wavelength has large
bias with the lidar measurements, which may be caused by the same number of the dipoles used for all
wavelengths and needs to be investigated in the future. The methodology and non-spherical models used in
this study will greatly contribute to our deeper understandings on the wavelength dependence of the
depolarization properties of the dust aerosol and guide the development of multi-wavelength polarization
lidar. In addition, multi-wavelength polarization measurements will also provide a unique technique to

study the mixing state and the evolution of the pollution aerosols.
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Fig. 1  Super-ellipsoid model with different roundness parameters (¢ = b = ¢). (a) n, = 1.5, n,=0.2; (b) n, =2, n,=0.8;
(c)n,=3,n,=15;(d)yn,=3,n,=3
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Fig. 2  Depolarization ratio of non-spherical particles
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Fig.3  Depolarization ratio of super-ellipsoid particles at different incident wavelengths. (a) Depolarization ratio versus effective

radius; (b) depolarization ratio varies with scale parameters
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Fig. 4  Particle spectrum distribution of dust aerosol particles with different modes
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Table 1 Aspect ratio distribution of sand dust aerosol particles in nuclear mode"®’

D 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Aspect ratio distribution ~ 0.535 0.289 0.108 0.040 0.015 0.007 0.003 0.001 0.001 0.001
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Fig.5  Variation of depolarization ratio of dust aerosol partides with increasing axial ratio at multi wavelengths
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Table 2 Aspect ratio distribution of sand dust aerosol particles in accumulation mode'’

D 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Aspect ratio distribution 0.103 0.234 0.218 0.157 0.101 0.065 0.041 0.027 0.018 0.036
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Fig. 6  Variation of depolarization ratio with increasing axial ratio at multi wavelength
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Table 3 Depolarization ratio of dust aerosol particles observed in literature

Depolarization ratio

Location Date Lidar 355 om 532 nm 1064 nm
Midwest 2014-07-13 HSRL 0.246 +0.018 0.304 +0.005 0.270 = 0.005
Chihuahuan 2013-02-08 HSRL 0.243 £ 0.046 0.373 £ 0.014 0.383 £ 0.006
Caribbean 2010-08-18 HSRL - 0.327 £ 0.018 0.278 £ 0.012
Pico de Orizaba 2006-03-16 HSRL - 0.334 £0.018 0.400 £ 0.009
Barbados 2013—2014 BERTHA 0.252 +0.03 0.28 £0.02 0.225 +0.02
Tajikistan 2015—2016 Raman 0.18 - 0.29 0.31-0.35 -
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K532 nm I IRZ o AN 355 nm i, 47 FTHSL AR VD A2 SR BORE TR iR L 45 H -5 SE BRI Y
HAE M ANECK . FLR A —J7 Al e A2 T =T, 2R E 1 AR [RIAR AL S BB A oL 1 A A AT 1
THEE, TAE NSO 355 nm I, H A BRORL 107 A 45 W 0] 2 8] R R 5 NS AR EEAS 25/, &
BT FOH SRS FE AR s 53— D5 T AT BE A 355 nm A VD A VR ORI AR 20 i BB/, AR AR A
BT AR ZE R

P W IR B AR BRI KL T B TR AN BB T S5 VRIS 1 AR A S b A R FBORE 1 B
BRI FT R & B, Db A2 A IEGR Ik A SIS 4t 726 2% . BRI 1T AR TR i AR
OGS R PR A AT DL, (i JR B0 R T8 RE SRR R N2 SR B T4 o b A U BORE 1B i I LA TR 1)
WHIT, BER IR XS FOG 22 R P R S Rr k1t — 20 BAAIR, o 22 LI E 7T« S i SR A B R 36 B DL SR
AIEER B SRR
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