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Atmospheric researches using Lidar engineering have been making lots of interesting and important con-

tributions on meteorology and climate research, and we are from now asked to monitor more complicated

space such as indoor environment, air of inside of natural forest and so on with the Lidar technique.
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Lidar observation has widely been used for detecting atmospheric aerosols and molecules through the
monitoring of backscattering signals. In this review, we describe the fundamental mechanism of the inter-
action of these atmospheric particles with laser beams propagating through the atmosphere. The basic
equations of both Rayleigh scattering of air molecules and Mie scattering of aerosol particles are consid-

ered, with attention to the lidar applications.

F—y—F:xz7uvn, K&aoHT, 94 5—,

LAY — L, 3 — kL

Key Words: Aerosol, Atmospheric Molecules, Lidar, Rayleigh Scattering, Mie Scattering

1. IXC®IC

HER KA DF 90% 13 EEF 10 km F T O3t A
WCHEAELTBY, ZOARK - MR, ailk L
DERLEBIG DO RIBITNEZ OEEHPFICBNTELT
W5, WIERKR R KT % 55T 2 B L TRA
GTER. KEGTDI b, BEST N, LR
5T 0y ORFEIIZEEER) 80km F TIFIZF—ETH
LIENHOENTEY, ZOMHIEN, H»78%, O,
221% TH 2V, [RBELEHOEERO—2I13
Lk F CO, T, € DM ILIZH 400 ppm, T %D
5 0.04% TH 5. CO, (T HERD KR KA DT
HZE T LT % 955 15 pm F2EE D ARS8 O
W & - C, st %8 U2z Eko = 3ov F =
(BEHIR) SR 5 2 TwaY,

/37 VM )S TV UARE INIS- 7= &
ATV DDPREANTDKAEAH0 TH D, KAEX
WIIHER EOBFTIC XY, F2E UHATTH B
XY RELZALL, MimEICB T 2 5MIIEB X2
0.1~3% OHPIZH 5. KAEFNIHFE R T A S
BRTHILICX o THER, —J, LZETHEE
LTEELLILETRAUETDOEH LB LTV,
KL, E, TLTE»LORKIE, HERBBEOK

©2020 Laser Radar Society of Japan

BUEL 72 KANEBR % 3 U TR0 S s & KB
SHCHR T 2 B2 W% T 2B X 2o T3 Y,
KARTH 2 RFEL DGR LTk - FkoER %
TEHBBICBWTIE, ZOEKELTEH 7T
UNOEENRR PRV, 27 a v vid R
Pl HHKE 2 XEROK T CTH-T, TDOKRE
SEEm 258 um & v ) L VERIC LA TY
b, ZT7aVIVORKIIEMETH S, KilT5hL
KEBYLAED 5 DR T IR 3 5 /R T
&, R 1 ME L EHRREOR & ERS LTS
MK T ICKGTE LYY, BUMNLT ORI 5K
& UCTIIMRBESFICHk T 2 ZMIbEFE NO, R =
BBALA + 7 SO, 23H Y, ZhoshREAho7 v E
ey Al | ol P QA DAY 151 s ey VNS L 3
T YRS AWM T OEELREGE o TW
5., IhoT7rE=yAMealE, MEHkOEL
F M) AT R E R TILERTH D,
INHDIKRAH DOKFER &I ATTE THUN e K
PR ENTEROITCII RS, MR TOKE X
HEESPBLZ2um 25 10um OFHICH Y, Zh
LD b RELRFIIILENE LT 5720 K5
OWRHIEL 25, b, WAINLRERNOKX
SWRBLZFIOM TH S, T/, FEICEL L FilE



I7 YV E KRGS T ONEELEH (A =)

T AWK AL, 72 & ZITAFIER TZ ORI
30um TH Y, BEEOMKK LV E2k ) K&k
WETHLH., TNTOHREOBAEIZ L > TE 10
km DOFPAIZ D72 o TRECT 5.

KREHTOZT OV WVIRIEDE L %5 & KD
BaELsH z2, MRS 4. B, 7Y T ORW
T TR L 572 PM25 12 X B RATGSIZ, NG
IR DMK S BRI HE (B X 2 60pugm™?) %
KRELBEATHET LI ERXEISTHELLZLDTH
5. PM2S OBIRLHEETCEL L HIL, = 7a L
3% K DA, KBS G2 0T, ZE Tk
WCHLERANO KRG A 2 W F 2162 H 5. 7272
L, M/NEET712%8 <& E 5 F 9 (soot) DT 1L
T, KB % WIS % 720, IEO g %
Lo TnnsY,

Ul Xz, i EBEORKDOEERESTH
HREST, TTa VIS RENH - T, Y
T v 7R E R S 72 [Z2OWEHI]
-y T 7RO FENREINTE . K
FTlx, 29 LZEHlFEDH 5, &I —H—
HOFELE 72T 4 57—t s, 208
RIS 2 KES T, =70 VOSEEELD x 7 =
ZBZOWTIRHT 5. TOHELE LT, 4T 08
A 1213 Rayleigh #(fil, T 7 9V VDA 121 Mie
BELIZOWTH DD . &P, WINEFE L Che
DT, T2 & ZIERFERD 5 % FHIT B 25 WX
SA Y =R, ST K o THEEESR 252 &
ZH A L7z Raman 88l 7 4 ¥ — 122 W TIEAR Y
)= ZADROFGRLITHED, AR TEEbZR ., F
z, REAS TR 70 IVOREL WX A K Bt
DEEN, BEDEREICED X ) ITHEST LI
WTIiE, EEYEBH IV,

2. NHERELTRE DIEGH

2.1 KXZR59FD Rayleigh &EL

AFT 2 BEIEOWE 1IN, FELR O R T
DEFEaNEFEIT/NIVIEEIZELD L #HE %
Rayleigh #%fil & 9. BELEERERCTIE, —MHKIC
(1)

X =ka=

A

TEHZBEIND x BV A ARG A—F L VSH, 22T
k=2m/A 13T 5. Rayleigh HHELIZ x <1 D
BB T 20T, KA F (@< 1nm) 2k 508
3t (1~500 nm) @ # &L 1E Rayleigh FXHEL & & T & v,
Lord Rayleigh 75 1899 4 DALY TRL TV 5 & 9
12, H—®R 75 5 O Rayleigh #EL TI&, #RELIE
DUREEDNZF DB OWRED 4 FIIILH$T5. X

= AR
#ie LRSJ dmmmmy

A >: Laser Radar Society of Japan L —Ht& 2w %s
e ————

AAARA .,
VVVV

Fig. 1 Definition of scattering angle, 6.
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Fig. 2 Wavelength dependence of the extinction coefficient of var-
ious atmospheric components simulated at the surface
level.
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Fig. 3 Plot of Q. as a function of size parameter, x, for ammo-
nium sulfate, water, and soot aerosols.
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Table 2 Size distribution parameters and complex refractive index

assumed for representative aerosol models™.
n;, R;, logo; Ref. Index
Maritime
i=1 133 0.0039 0.657
i=2 66.6 0.133 0.21 1.40-0.00017
i=3 3.06 0.29 0.396
Rural
i=1 6650 0.00739 0.225
i=2 147 0.0269 0.557 1.55-0.003:
i=3 1990 0.0419 0.266
Urban
i=1 99300 0.00651 0.245
i=2 1110 0.00714 0.666 1.51-0.017i
i=3 36400 0.0248 0.337
1.0E+06
1oe+05 | (a) LT === Urban
5 ’/ *“--_\ ...... Rural
S 10e+04 | S, AN
2 / - veveen, S Maritime
2 1o0e03 | /
% 106402 }
'E 1.0E+01 [
1.0E+00 . !
0.0001 0.001 0.01 0.1 1 10
Radius (um)
1.0E+03
. (b)
2 10802 |
@ /’
5 10E+01 | )/
g '
< '
1.0E+00 4

0.001 0.01 0.1 1 10
Radius (1um)

Fig.4 Size distributions of typical acrosol models: (a) number
size distribution and (b) area size distribution.
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1 P
Aext(A) = Aext(Ap) (/1_0) (47)
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Fig.5 Wavelength dependence of (a) normalized extinction coef-
ficient and (b) lidar ratio (S;) for urban, rural, and mari-
time aerosol models.
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AOFH TR (WEURL) O % Bl L
[EREFN B i i i R e S gty = DV AL <2
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Fig. 6 Scattering-angle dependence of the phase functions for typ-
ical aerosol models: (a) 532 nm and (b) 1064 nm.
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T, mUW]EmiIcHLTTay b$52810K
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Lidar methods for measuring aerosols are explained. Details of the elastic backscattering lidar system

used in the Asian Dust and aerosol lidar observation Network (AD-Net) are presented as well as observa-

tion example. The range of lidar-sensitive aerosol particle size and the dependence of the lidar ratio on the

particle size are discussed using the Mie-scattering theory. Recent developments in multi-wavelength

Raman lidar and high-spectral-resolution lidar are also described.
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Key Words: Aerosol, Mie scattering lidar, Raman scattering lidar, High-spectral-resolution lidar
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Fig. 1 Block diagram of the AD-Net two-wavelength (1064 nm,

532 nm) and polarization (532 nm) lidar.
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Fig.2 Layout of the transmitter/receiver of the AD-Net lidar.
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Fig.3 Photographs of the AD-Net lidar in Tsukuba. (left) Overall
view, (right top) transmitter, (right bottom) receiver.
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Fig.4 Simulation of the AD-Net lidar measurement. (a) atmo-
spheric model assumed in the simulation, (b) receiver
signal photoelectron number, (b) signal-to-noise ratio.
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Fig. 5 Example of AD-Net data (Osaka, May 2017). From top, the attenuated backscattering coefficient at 532 nm,
the volume depolarization ratio at 532 nm, the attenuated backscattering coefficient at 1064 nm, the dust
extinction coefficient at 532 nm, and the spherical aerosol extinction coefficient at 532 nm. A slightly strong
dust event is seen from May 7 to 8 in the dust extinction coefficient plot.
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Fig. 6 Backscattering cross-section (solid line) and extinction
cross-section (dotted line) at 532 nm (green) and 1064 nm
(red) as a function of particle diameter calculated with the
Mie theory.
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Fig. 7 Assumed particle size distribution (blue) (in relative
units) and contribution of each particle size to backscatter-
ing (solid line) and extinction (dotted line) (in relative
units) at 532 nm (green) and 1064 nm (orange).
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Fig. 8 Dependence of the lidar ratio on particle radius.
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The author has carried out lidar observations of the Asian dust since 1986. The present paper described

the results of the lidar observations over Tsukuba, Japan, the Taklimakan Desert, China, and Gobi Desert,

Mongolia. A combination of the ruby lidar observation at Tsukuba and a three-dimensional numerical

simulation showed a long-range transport of the Asian dust from the Gobi Desert to Japan. A

Mie-scattering depolarization lidar in Aksu, Xinjiang, China showed the structure of the dust layer in the

Taklimakan Desert that was affected by a great local circulation between the Tianshan Mountain and

Tarim Basin. A lidar network observation in the Gobi Desert showed a transport of the dust from the

atmospheric boundary layer to the free troposphere by a cold frontal system, moving across the desert.

Finally, a model of the Mie-scattering depolarization lidar is proposed for observations in the atmospheric

boundary layer and lower troposphere.

F—U—F:TITFAL (EW), FA5—, Bl Ial—vav
Key Words: Asian dust (Kosa), Lidar, Numerical simulation
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Fig. 11 Surface wind fields (a, b) and vertical cross section of
wind files in east-west (c, d) and north-west (e, f) at 1300
LST and 2330 LST 11 April 2002 over Aksu. Red dot and
thick red arrow indicate the location of Aksu. Black con-
tours and colored contours indicate topography and poten-
tial temperature, respectively' 2,
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Fig. 19 An example of dust misclassification as clouds in the
VEFM cloud mask. Latitude-altitude cross sections of (a)
the attenuated backscattering coefficient at 532 nm, (b)
the data mask based on the C2' cloud mask, (c) the data
mask based on the VEM cloud mask, and (d) the horizon-
tal resolution in the VFM cloud mask'®.
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2013. (a) Time-height cross section of attenuated back-
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Fig. 24 Time-height cross section of attenuated backscatter coeffi-
cients observed by the ceilometer at Dalanzadgad on
29-30 April 2015. The letters A-D mark the dust storm,
clean air, floating dust layer, and clouds, respectively%).
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