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Aerosol Measurement using a Four-wavelength Lidar
and its Application to Atmospheric Correction of Satellite Data

AMER &BFEH LEEE THEZER
H. Kuze, H. Kinjo, T. Uezono, N. Takeuchi
FEABE)E- VY VIRV —

CEReS (Center for Environmental Remote Sensing)

Abstract: Spaceborne optical sensors for the visible and near infrared spectrum
range receive solar radiation reflected from the Earth’s surface and influenced by
the atmosphere. We simulate this atmospheric effect using MODTRAN-3 code, taking
ground visibility and ground reflectance as main parameters. We measure and
evaluate the distribution above Chiba city with the data obtained from our
four-wavelength (355, 532, 756, 1064nm) lidar system.

1. F®ic

ALHEDY E—- b2 YU I T—FiE, U —DOREFEICERT RO DI, HOEH
BRIIEVTRENOZBHLNEAEFTATNS, RKI[OEEBICELTE. =70Vl &
B BEL(ATHLE R IR PKAERUC X 2 BREFNBR)BXEH TH 5. TDID . HEENSEE
BE. RTORHEL EONERICERTIE. =70V IVEREH 10 £ mlTOKNF)DRE
PKEKEZHE L. BIELATTO BERDH 5. APFETiE. LANDSAT O TM(Thematic Mapper)
T AREL T O/ VOEEE Y I 2V~ a VITKDFANRD & & BITIZ4 EREE55,
532, 756, 1064nm) T 1 ¥ —iZ Lk Y. EBICTFERE LETR SN, 7 0 VIVEREEGHR
UHEHNEI DB RIIOWTHRET 5.

2. HHEZT o

LOWTRAN7 I — FiZ#t) 2%, & - E(Urban Spring-Summer)E 7 I/VIZH 1} B H5HE T
D 532nm DIEEEH D7 % Fig.1 ISR T @& BE DO MODTRANS THRIUETFIIERASH
Tn3), 7o/t b S 2000m fHEE THREETHHELTVSE, 20, §E
EEBITRBITED LT Lledd- T KIEEE SiIC K » TREBEIC—HFRICHENT 57
0 IVIE RS, T < ERIMRICE T B RORER. HENSEE 10000m fEE TOHGR
Br7oVhld-THEESELTL . LOWTRANT BT, #i EARRAOLENE S Gt Eh
5EE 20000m £ 0) EBBRICKITTHEY Fig2 KT, JOETINTHE. H EHENARKF
DOLT7 O/ NEEFERTIEEGNNFTA—F—LL>T0AHI ENDINS,

3. TM EHRIZH I 5 RAMIEORE

Y AST BRI KEASHEREMUNDARKIZ & » THELSO/OERES & T T
REt SO IEERS D 5 Fig.8). FiEI. —HOHERETHET 2 EBELRS Les EZELU
FOBEBRERTEHETI2ZERE LenD’H D BEE, B/ —PHREL TV EHEN SO
EEXES Lo EXFEUSNOHIED SEEXDABICA > T 5L Lad’dHb. LAP->T
VY= AT BLBUT B’ L 13 L= Leu+ Les+ La+ Lo THRIN D, #MREH S OEENRS
RENCLVEFHEIN S,

Laop= (Eexr /)TT 0 cos 6 z

81



o HIERET7 VAR E Eme A[ENMIE T I2BHBE T HEHFDLEROERR
T RIEf 6 z FALEOERE
Lo T —THELOI LIS Lo DEREHEZET) 2 LItk AHAOEKENTH S
FEERIZE I A& ES vIVEOHER 7 LN NEENTETH 5,

Fig.1 TR L7h. LOWTRAN7 € FLTidH FHBNEER 2000m T TOHEBHEESHEIR
EL. ZOFEBTORENES 112k, FF. B —TH SN B AHEICE T 5 EOREN R
¥%, 0=02 & LA 0O FHEBBICHT 5 LANDSAT #ZO TM Band3. Band4 OFRSE
% MODTRANS iZ & W B H L7 (Fig.4). HFICH T BHRSEE L Digital Number TEIH
T3, TMBand3iZHW T B8 km U T OHEE Looid Lem DIEEL D /NS A H
BT, Bandd iEWT HHE 5km BT TLoo & Lem DHENEZ 5, THHDRERIEF. FRSE
Ot EHERRICHT A MEER AR LTS, EV#ANIE HRE 7N FOHEEIT D 7291
it HEOBERZNICFEUc. #ED) S ORKBHSSBELRTRTHS, FHic. o DEAOE
ETAREIIT Lot « Lop DEEMUT DN S, Hh EAEREA—E(10km) & LB E. 0 IXXT 5885
B4 OEE% Fig.5 12787

4. APESAT—ILLBRKEE=SF VT

AFFRTERT 5545 —id. Table 1 DX I AR > T B, HRELT 0/ ILVOEBET
— A B E L. NOAAL2. 14 OTFEHMIR EERERZICERBRZIT> T 5,

FAT L ->THEONIT—F 5. BHEFEH aPHEENEI c L - YEEEZ T TSI
3. RE]FOT7 o/ IIVAmICEREEEND 554813 Klett. Fernald IENERAINS, 2015
DIFETIE. T4 7 —FBRCEOTETNS 2 EH. BHHEIRE B LIHEFE o DRIZATER
FERELRERD S, TOLE BWEBREIEEICLST —EEL LTS, Klett IHEiE. AK
PEE L. ROBEEF LT OV NVOBHITERTSEEDREDS ETOMTHSHDICK U Fernald
BREKGFICLB VA ) —HEDZEE LB TH S, LM L. TSR ERICERARGLE
WTHESFETHScH. DREICEICBREEZRTL ISR, A5 —DOF— 7 EMTH
BRBOEEEZZHT A EERETH S, I5IC. EBORKUZE VT a. SAHEDOKRERR
ICEEEMETFHED D 5 2 LS HBEBRBOAREEHDER LTS, ZDkD. BEINIEEERD
BEELELUT. RRUIENTWVERE. 07 1 MA—F —TEHRIAHIZ t CORBITONA(ZH
WKL TIR. &Y RO Y MITHARFTEKR. CEReS)NHEER). O SOFIEER %, B
RRETIMIS EFK MODTRAN B EKEBOLT 0/ V7 —5 ZRAT5 I ETRAMIED
FENMTONG, 45 —BHO—FlE LT, FERELETRH SN A-scope 55 & Fernald
B L D EHIN/HBRES T EAENE I Z Fig6 17T,

5. by

LOWTRAN7 ¥ KU MODTRANS ZFA L7c¥ I ab—Ya vk, HREOTWHEET 512
IHRELT 0V VSRS EE LTS ENRINT,  Fi. Figs TRIN XD IKH#E
FEREREFENE BRRRETNVEAOTAKFELRITIILIE T M 5 — Il LA RKAERINE
NERTH S ENRI NI,

HERF T VAN RZEHT RO TNT) XLORREI. 54§ — T oh i ERERORE
REBRORE LIS,

82



3 ' ' " i i ) Digital Number for TM Band 4 (0 =0.2)
3 1 100
-o-L_Total
- . ~-LPS
80 H--LPM
— 6 10-30 km 5 - thD R SR
"_E_, o l\god_cralc;/olcamc ] -g §0 - L ]
~ pring - Summer 3 —
3 4t 1 = L — ]
] 2-10km % 40 ~
< L Tropospheric E o / /
Spring - Sumumer VIS =10 km
2}F ’ E 20 = /
0-2km L ey
el VIS = 20 km i .
P . 0 10 20 30 40
107" 107 10" 1 Ground Visibility (km)
.. . . igital N for TM =0.
Extinction Coefficient o [ km ! ] Digital Number for Band 3(p=0.2)
( A =532 nm ) 100
Fig.1 Effect on Extinction Coefficient | e
of Ground Visibility (LOWTRAN-T7) 80 __,.___--.-7,/"
3
60 e e - —
; ——
z / ~o-L_Total
.*E_ia 40 J— L PS ||
S ~LPM
- GD
Eos— I PR B e ~LGl |
g Tom - .
a 3
3 0.6 43 E 0
t = 0 10 20 30 40
2 0.4t 42 E Ground Visibility (km)
El 9 Fig.4 Effect on Four Component of the Sensor Signal
2.,k 41 & of Ground Visibility
ol T O
5 ; 1‘0 1'5 1'0 2‘5 3’0 0 Radiance vs Ground Reflectance (TM Band 3: VIS = 10 km)
Ground Visibility [ km ] 160
140 |-{-=-L_Total /
Flg.z Variation of Transmission and Optical thickness ] —--L.GD /
. RTIIE o 1 20 — - L P /
with the Ground Visibility E —-L_PM
(LOWTRAN-7 Simulation for TM Band2 0.53-0.61um) 2 g9 || *t-g's /
2
o 8o
]
© /’/
T 60 / e
L
S 1 ? ————
/
= ~ —]
L=Lo+Les+ Lt L e
i+ Les + Lai + Lap 20 — T
Lgo = (Eex/m) T T p cos8, 0
0 01 0.2 03 0.4 0.5
Ground Reflectance p
._YL( Sensor Thematic Mapper
)TI\— (LANDSAT) Radiance vs Ground Reflectance (TM Band 4: VIS = 10 km)
Single Scattering 140 )
. (Lrs) > - |__Total
Direct Reflection Multiple Scattering , 120 |{-L_GD
(Loo) L ] ~=-L_PM
. (o €100 HoCat <]
Indirect Reflection e ~LPS
(Len) £ 80
TTTTI7TT 5 _—
Fig.3 Four Components of the Sensor Signal 3% 1 7/
ig. osor Signa B}
g p gn é “ / 1//‘
L~ =
)—2— 20 /
7/_‘_;‘%;—:4;’—;‘
o LT
0 0.1 0.2 0.3 0.4 0.5

Ground Reflectance p

Fig.5 Effect on Four Component of the Sensor Signal
of Ground Reflectance

83



Table 1 Specification of Four-wavelength lidar

LASER Fundamental, second harmonic, and third harmonic frequency
of a Nd:YAG laser,
Ti:Al203 laser pumped by a Nd:YAG laser (SH)
WAVELENGTH(nm) 1064 756 6532 355
LASER Nd:YAG Ti:Al203 Nd:YAG(SH) Nd:YAG(TH)
Repetition Rate 10Hz
Pulse Energy(mdJ) 500 [ 120 ] 300 [ 150
Beam Divergence <0.5mrad :
Output Stability Better than 5% (RMS)
Polarization Accuracy Horizontal / Purity : better than 99%
Pointing Accuracy <0.lmrad / Remote Control
TELESCOPE Newtonian; Vertical Looking
Diameter 0.8 m | Effective mirror area [ 0.47 m2
FOQV 0.6 - 10 mrad 2mrad: standard
Scanning. Separate scanner with an effective area of 0.2 m2
EFFICIENCY of OPTICS [0.3
DETECTOR APD | PMT | PMT | PMT
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Fig.6 Lidar signals measured with multi-wavelength lidar on 2 April 1997 and on 26 March in Chiba , Japan,
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