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Retrieval of Dust Backscatter Coefficient using
Quartz Raman Channel in Lidar Measurements
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Abstract

We present aretrieval method to obtain dust backscatter coefficient from the mixed Asian dust and pollutant layer.
In the present study, vertically resolved quartz (silicon dioxide, silica) concentration was calculated using Raman
scattering signals from quartz at 546 nm. Dust concentration was obtained based on typical mass percentage of
quartz in Asian dust. The highest value of dust concentration at 3.7km in March 21, 2010 was 22.3 and 10.9 ug m™3
according to the quartz percentage in Asian dust as 65 and 30% based on literature survey, respectively. OPAC
(Optical Properties of Aerosol and Clouds) simulations were conducted to calculate dust backscatter coefficient.
The retrieved dust concentration was used as an input parameter for the OPAC calculations. Utilization of quartz
Raman channel in Lidar measurements is considered useful for distinguishing optical properties of dust and non-

dust aerosol in the mixing state of Asian dust.

Key words: Quartz, OPAC, Lidar, Asian dust

1. M =

FHolAlol Ao e A} (Asan dush), smoke %7},
o8] A 5 hpR 2R A7) elejege] WA
33 glow] =3} ehzelrl B e Aol
o7) olofelde] Waske] Frashs FAlel ofA

*Corresponding author.
Tel : +82-(0)2-2123-7576, E-mail : hanlimleel0@gmail.com

= 7187432 A 284 Al 1s

Bt} (Leeetal.,

2006). o1& F F2 #el %%4 EhZetelh Abet
3 B3 SAN F B HA BAEF 7|
78 Bk digofoz o) Fsted w2 oblol A9
o) ®)7) 0] W e vl B oz} B
2] o|5g Fite] ezt A3t u]F BEA
E=93}7]= g} (Husar et al., 2001; Uno et al., 2001).
9471 dlefels F A 23 vFEAe] dle
A A AR o dloeleshe FREE A



hal =
qh 3ake] sgebd EAS Aol A F
9 FHAAY H A=A s EHsiEAM 4F
o:]_‘?_z‘jl °,J?<P§:5’+ ;5_‘_5‘;:'1-5]0] H"/‘E%ﬂoﬂzﬂg}— ]:]_

_llm o to

HEd 4
#3p EAS viehi) (Huebert et al., 2003). o]
T 3A}s} £°§—§—%‘94 g3} olo] whE B3
T7} ACE-Asia(Hubert et al.,
9=}t Anderson et al. (2003)-2
i}-g—ﬂ% 0] &3} in-situ g0 =
3} ZelA] Lpum o]3} =7
) ko] = (Single-scattering
abedo)7} 0.88+0.030.7 yror}l 1um o]Ake] =4
3ka} 9lale= chalEhed] = (Sinlge-scattering albedo)
7} 096+0.012 mAgAtel THHE U3k
Kim et al. (2004) = A4} #Zo2HE A o]F
L B el T 2duAse) eden U3l

> N
o
Q38
g{::;_mlm
A
Y
°{N-1>r
O{
_\.ﬂ‘r

o) ol 257 }

N I CEET SRR kS
T 243 4 9 AL W
R: Light Detection And Range) 3+=-¢

(LIDA it =
olch H2g F3e] b L A7) olefeiee) w=
PEE T Y3 540 A g Q) ol
Folgek. s gt AA7A 9] shole) B2 EYR
7] ool &) FaA EAS FRIE= A= 3
A7} 9lgih. ©hak, Shimizu et al. (2004)7) A4
% (Depolarization ratio) = o]-g-3fe] 3rAle} 3ALE

A9 ool &e] FARARASE AHEE O}, o]
B A wFYe $a9 woz ool
Ho]zlt}h. Muller et al. (2010)¢} Tatarov and Sugimoto
(2005)& Aj=-9 A} H= oz Ao ghul )
g HA=S Esle] A} wbA] 3Ale] Fo Aol
HejoayE] fE 49 2 AR EE AE)o]
Mo FUARIA4E AHEselch Noh et al. (2011)2
AMegell sl ekt AltEE AErb = Ao
o] W T E o8¢ wieter ww Aejo
FEE AEST FUANRE wieto s 3L F Ao
o) ulg-g A gstel mwd ale] w2
o SR A A5 A b AR 2R A
Z

]_
2] o] F A% SHEAI] o= st B

AMed =t AdS o] 43 BAF A AS ke 87
7] slalrte o
AL 42

8
spajel wiskate] ARk Belal Aol 2

o
W

¥

od
)

)
1|
o
o
‘E
tot

b
e
ot

B dTelMe 1= Ao seE AbEshe A
AA7E vlekon QIxe] FEanE Bshd 54
& A&E3 4 3l= OPAC (Optical Properties of
louds, Hess et al., 1998)-& # B3}e] 3}

Abke] FRAA S AREE S ole S Al”E

>
]
o
8
%
a
(@]

Tatarov and Sugimoto (2005)] o] &ef 7]x3}e]
A1¢] (dlicon dioxide, silica) J=}e] =hul Alstoz w
B Hejo] ARG E AEsIdor], ake]
e AEE A9 PARASs $aAeE v
o= gateM Hedo] X she HlEe H et &
23190} (Noh et al., 2011). = 264 HejFZo] o}
Aok Aol Al BT AL AAe] H¥E FolA
Aedo] AR vl BHAke] A9} #5 A4
o we} 6.2%¢ A4 80.5% Ate]o] Fhe BATh &
FolME FAYAAA Hede] Azke] A5k ]
&5 A38) <1 (Ganzei and Razzhigaeva, 2006; Feng et
al., 2002; lvanov et al., 1989)sl|A] =A% v]&2] 3

2l 65.0%9} 30.0%2] F 7Rz FEsle] 7=
%MM TEE AL AeE = MRS
OPAC?| iHztaz &gste] BAMsixIRte] Sk
WA5T A2

OPACE olojgj<3 52 %33} 245 A
Absl= mdllz 67]9] water clouds, 37H3] ice clouds,
Desert J4+8 Z§3 1079 ofejel4 Aol o)
0.25~40um 3}A 2] 2} 0~99% A 5= H oA
o BAEHE FeiFch olu) olofelLe] FahEAy
< Mie o] 28 53 AALE 3 753} oloje& 9]
53 (externa mixtures) e 715 &=9] W3l
we} ofefei&e] el DekA WA (hysteresis

)

J. KOSAE Vol. 28, No. 1(2012)



88 =o3u] - Detlef Mueller - o] 313

Table 1. Microphysical properties of desert particle components in dry state.

- M*

Component o T modN (}lm) I modv (l-lm) I min (Mm) I max (um) P (g cm 3) (ug m’3)/(part.cm’3) M
Mineral (nuc.) 1.95 0.07 0.27 0.005 20.0 2.6 2.78E-2 0.110
Mineral (acc.) 2.00 0.39 1.60 0.005 20.0 26 5.53E0 0.747
Mineral-trans. 2.20 0.50 3.00 0.02 5.0 2.6 1.59E1 0.152

Here, 0, Mmodns Mmodvs Fmins 8N Iy, are parameters of the lognormal size distribution. The term p is the density of the aerosol particles and M* is the aero-
sol mass per cubic meter air, integrated over the size distribution and normalized to 1 particle per cubic centimeter of air. M is mass mixing ratio of com-

ponents.

Table 2. Mass percentage of quartz in Asian dust.

Sampling site SiO, (%) Reference
Beshkent, Uzbekistan 65 lvanov et al., 1989
Kashi, China 56.2
Kunlun, China 61.3
Luntai, China 77.2
Donghuang, China 75.8
Lanzhou, China 59.3 Feng et al., 2002
Xi’an, China 62.51
Ningxia, China 66.8
Xilin Hot, Mongolia 71.2
Beijing, China 63.5
Viadivostok, Russia 593~ 685 e and Razzhigaeva,

2006
Kyoto, Japan 6.2~80.5 Maet al., 2001
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Fig. 1. Time-height cross section of range-corrected backscatter signal (a) and depolarization ratio (b) at 532 nm over

Gwangiju, Korea on 21 March 2010.
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Fig. 2. (a) Mean profile of the aerosol backscatter coefficient at 532 nm for the measurement from 14:30 to 17:50 on 21
March 2010 (UTC). (b) Linear volume depolarization ratio (black color) and particle depolarization ratio (gray color).

(b) (©)

ATAL
AN

Height (km)

0 1 2 3 0 5 10 15 0 10 20 30
Quartz back. (10°Mm™ sr™1) Quartz conc. (ug m™3) Dust conc. (ug m™3)

Fig. 3. (a) Profiles of the Quratz backscatter coefficients at 532 nm. (b) Mineral quartz concentration derived from the
quartz backscatter coefficients. (c) Dust concentrations at the quartz weight 30% (gray color) and 65% (black
color).
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Fig. 4. Dust ratio calculated by depolarization ratio.
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