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A novel method of retrieving the geometrical and optical properties

of cirrus cloud considering multiple scattering
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Abstract: The geometrical and optical properties of cirrus cloud with multiple scattering were studied and
the retrieval methods of cirrus height and lidar ratio were improved. An approach was proposed for
determining cirrus height based on multiple scattering factors and the extinction coefficients of cirrus were
corrected by the factors. With multiple scattering factors and the extinction coefficients, the error of the
cirrus-height was computed. Finally, the precise lidar cloud detection retrieval was achieved preliminarily.
In the improved method of retrieving the lidar ratio with multiple scattering, the nonlinear equations with
cirrus lidar ratio and cirrus extinction coefficient as variables were constructed, and the particle swarm
optimization algorithm was used to solve the equations, the extinction coefficient of the cirrus’s top and
the lidar ratio of cirrus clouds were acquired. Then, through the PLATT's multiple scattering equation
and the ratio of total scattering and signal scattering calculated by semi-analytic Monte Carlo method, the
lidar ratio was obtained. The experiment was carried on based on the proposed method, using the real

return signals of the ground-based lidar. It is turned out that the proposed technique has the advantages of
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high accuracy. Therefore, it has a promise future.
Key words: geometrical properties of cirrus cloud;

Mie scattering lidar;
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Fig.1 Extinction coefficients profiles of cirrus cloud
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Fig.2 Geometric diagram of the error A of cirrus height caused
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by multiple scattering
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Tab.1 Parameters for Monte Carlo simulation

Parameters Value
Wavelength/nm 532
Receiver full FOV/mrad 0.05
Beam divergence angle/mrad 0.3
Telescope receiver area/m? 1
Photo number/m 105

Phase function Henyey—Greenstein

Single scatter albedo 1
Pulse energy/mlJ 180
Max scattering order 6

3.2 ZREHEFHIKE

He2Ff# BT Monte Carlo 75 755K A B B IS 5
—WHUME SR LLAE , 255 Platt ZUCHUM N 577 fioR
fifp 22 WCHICHT R 1, Platt Z2UCHUH P75 e n T =X

In(MSS)

m@=1= 5

. ©))
o(z)=— J o(z')dz’
A . MSS 7R BLHUIE 5 5 B U 5 1 HUAE
M(2) A 2R ES T R BB T = & A R
R LR R/NERE

4 SEIGIGIE

SR FH o [ Bk 2 B2 Bt 2 O 27 0 2 MU 92 e
Hb UL K Mie SO B A 8 I A5 21 1) 58 [k
TR SO R AT T SRR R E
4.1 K=E=

B3 45 T OGRS BRI AR 2 IR 2 B = 5
B AES B4 MRS BRI KES B 5 R
i 33 2 fi# M Monte Carlo 7 ik T BARNKE S
) 22 R B 5 — R B A LU(EL & 6 A RS 2
MEBE=MEZRES T, B 7 HEEEHOH
kb B 8 Sy R AR RIS 6 = TH G R B4R Xt
B 355 HE T R, A9 3030 F 5 = R 4.68 km, 7

FELZNPFAFRN SR E BN 5.43km, = & BN
6.42km, KA B ML REGH FHE N 0.013, BIE
HERECH 0.015, 2TEERECH 0.021, A H
BOOE TR B N 26.03 ZUEUE T 1 2 i =
BIERZE R 0.005km, 2 T 5 FE B IE R 258 0.006km
BIFRH =R E N 5.425km, 2= T & N 6.426km ,
KB AT BRI IR EE R 5.418km, =i
R EEN 6.422 km, JUR 5 BCHE 1Y T 1 2 O e BE A
7% 0.007 km, = T/ BE A 22 0.004 km,

10°

10°

P(2)/J

10°t

0 5 1.0 15
z/km
3 WOLHER R E S (REER)

Fig.3 Return signal of lidar(low cirrus clouds)
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