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The project research committee on spaceborne lidar was established in the Laser Radar Society of Japan

in April 2019. The meeting was held 4 times in 2019. Scientific objectives and large contributions to

society were discussed on the proposed spaceborne lidar systems by the members of the committee and

experts. Five spaceborne lidar proposals are published in this special issue. The committee will endorse

the realization of the proposed spaceborne lidar with many persons concerned.
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Lidar Mission of Vegetation Observation from Space
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The purpose of the MOLI (Multi-footprint Observation Lidar and Imager) mission is to demonstrate
Japan's first space lidar and to obtain canopy height / three-dimensional forest structure information
required for the evaluation of Above Ground Biomass (AGB), which plays an important role in the
carbon cycle and climate change mechanisms. The lidar also makes a possibility for observing clouds and
aerosols. The results obtained by MOLI will bring a guideline for the future global vegetation observation
satellite. In addition, MOLI mission will provide a foothold for application development to Doppler lidar
aiming at global three-dimensional observation of wind vectors, the scanning lidar realizing precision
DEM, and H,O DIAL for water vapor profiling.
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FHPOMAEZBTSI 4% —3 v 3~ MOLI (Multi-footprint Observation Lidar and Imager) (FH AIBL)
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Fig. 1 Proportion and distribution of global forest area by
cli-matic domain, 2020%.
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Fig.3 Waveform of return signal from earth surface through
atmosphere.
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FHPOMAEZBIT S5 1% —3 v 3 MOLI (Multi-footprint Observation Lidar and Imager) (i&F- Fl154)
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Fig.4 MOPA layout on the optical bench.
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Laser Diode: FCLD) 2 & % i I Jih #2 Qsw 7% )b A
L—H#—& L7, FCLD IZ3IRe & ) BN 7235r1C
BLiET 52 LT, BEGHEOIEEIC L S Qsw FEHk
BWOTIA AT VEBH IS,

FERE I ININT A VL — 7 AL CHIE, BB
O 2 BRI X ) 40 mI ICHIIES 5. JEdREEB &
OCHWIRBFCHERT 2L - - L LT,
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&, LA I S B A R BRI,
HHMZDOLDONPLFAET LT T AR L —F —H
WU SIRET BT T A AZRNT B0, 5
FEERICEA LT A, EERICE AT 25K
WRZE R R L RIEL L, WE TR 2HER OE
wAL AR I L -2 L, ERE N
L7z EARPERICIE MOPA Z Bl L 725N v 7
WMz, Ry Z VAR VEEIHOSEEEE, LD
WEE=Y, [EX VY —, REL VY —, HHH
A=V K7L — AR SN TS,

33 FAE—EAMX=Dv—

MOLI 2 v ¥ 3 » &, & 330 km-435 km, #L&E
s 51.6° THRAERITHOEBTEHEAT—Y a v
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(International Space Station: ISS) - H A% 92 g (Japa-
nese Experimental Module: JEM) % # #5 (Exposed
Facility: EF) IZ##Z FPELTWw5b. L7225 T
MOLI O Bl i R PH 13 & DR 123k £ 7z 2
AR, BL OO —EE RS (Fig. 1 &
ZM). T4 ¥ — Y AT MIEARIE, KO=D
OBME—F2AFLTW5h. Fig. 512, ISS-JEM-EF
I INMOLI O &X 2R, &8, 74
F— b Iz 2 RORE Y — 2 GRf) 13,
k9 2 W ERHA EE B L O o B gt H
Thab.

OV —F—EEFHE—F:

TR, ATHZREESI)ECIRTOR S 2l
% [Bfti# g T 7V (Digital Surface Model: DSM) |
M7 —%, #m, WAL ANDEEY O R w1k
RNOMIRICHE L 72 L — =% E 0 5 0 KEHE
2o THIEZMW S [HfifisE7 )V (Digital Ele-
vation Model: DEM) ] Hl 7 — %, 1% & i1 72 DSM
T—=F b DEM 7 — 4% &2 L5l T Mg/ iE
= (Digital Canopy Height Model: DCHM) | 7 — % %
[l RE VIR LIS 5.

@ waveform €— F :

PN ORE, BUIoAfEEL R L LOEmITix
PERET 5 72D IO NI EDSHEL TR E 2 1,
TS, N <X, BRI RREE EELE
e, HE/BES%) ZEMEHREORMEIZE 5T

Imager

+ Band / (Green, Red, NIR)
+ Spatial resolution / 5m

- Swath / Tkm

+ Laser wavelength/ 1064nm

+ Number of beam / 2 beam
(Split from one beam)

+ Beam power/ 20mJ each

+ Footprint radius / ®25m

Fig. 5 Conceptual diagram of MOLI onboard ISS-JEM-EF.

BEELIFETH L0, KIvva ryTHIEENS
waveform |2 ERBIEL T O EW L BEE O PR R R4
AR E S o0 LA R B R AR & LTRSS
5.

@RABME—F SHEICTHELIABRS

TR & 912, HHRIEAEEBL TS F
RARERLUEBRRLEYBORFETRA H =X
L, CO,FICHEL LTS, LA LENEED
Pessihi Az 1, TAZNAHOZI] oFBIZX
D & D CO, P HEEMEAS 1.4+0.8 PeC/AEH] & K &
BEAEEALTVD, RIEI v ¥ a VITRZHU
ENTWRVINA F < ZHEE R OB DAL % X
D, B D D CO, WO FEAEERHEEE B
L35 FEDDIL, FAT—/A A=V ¥ —D5k
AH/BAZEICIZ ISS AT E DB L —H — 2 HiRICHR
WLT7y 7)Y MHNOWE/RIED R S % Bl
L, I HERBIBL TR T~ A R R R
CHMTELRICUTOEANI v a vEREL
TRODLENTW S

FH BT T 24 KRR, 1 4ERI oM@

W Eo AN 5 7 A & — 7 ZEHEDNES
-7y T Y P NOE R

+/=3m (W &/ m<15m), +/-25%
(M5 /B = > 15 m)

+/=25t/ha N4 F < XEKE<100t/ha), +/
—-25% ([ >100 t/ha)

Table 1 12, MOLI 2 v ¥ 3 VB8 TH B 51 5 —
EA XA =T X — DR RT.

WFE S 7z GLAS, F 722018 4F 12 24T
L Lo T HLIE E A O Global Ecosystem
Dynamics Investigation Lidar: GEDI/NASA (2019
2021 4EF5E) X, FA 5 =Lkt —Tdh

Table 1 Characteristics of MOLI mission instruments
(lidar and imager).

FTA X —fHk
) @k 40mJ @1064nm

2V AR {Tnsec

ZENEE 60cm ¢

HEE—298Y | 63urad

ANz 2x2 7 LA Si-APD
2x1 R
2x1 P

i S Sififhe 0. 75m

BIE L OFH —50m-150m

7y b7V ME | 25 mo

S/N L >10
A A=V —HEf
0.55-0. 63 1m
FENI NN 0.64-0. 72 um
0.74-0. 88 um
St 5m
A 1000m
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A A=V v —LOFIFHEN Y AT A ZFALTW
v, FBAlx ElLAZI v v a vEREMT
WIZIE7 v 7Y ¥ MROWHRIERN X BB
A X, BE, BIXOHLGT—PEFICEELTH S
L DOBBDOITIZ, BRBFEARA -V v —% T4 5 —
B S E MBI AR L., £4231 T
A L2 X918, WEs/fhsofitickL T
FHBIERAEETHS. MOLI 54 ¥ —13Z D
BEFHTEN T 2 ARz HIZ, — o8 L7k
BL—F—tzEmMIIBPLTT Yy 7)) v Mt
ZPED, ¥ 3 v MEIZ along-track J7 ) E LI H
BIa4¥07y 7)) v btomprsiE L3
Ty 7)Y M EROMLT, TR O A
RO 02 X 0 MR B X 0
1% HCET S HREZ 72T w52, Fig 512
X, A 5= HENZ 2 KO — L&KM T
BMELTH 5.

4. MZEHREEAEE S 1 X4 — CEBEHER

MOLI DA BRI B0 5 FEFE & fFEHT 7 v T X
LADBFE, X HICMOLI A EEREINzEED
TREESEERNZ AL 9 7= D HLZ2ARFE A 7 4 & — 2 B3
L, 2016 4F 11 A \C AL 22 f§ & W E B % 1T - 7=
MOLI (& £ A — ¥ v — & OFA & TR E 2,
BAMIRDUAERE, S HICIIBIEZ RS A2 2%
ZATBY, MERERTOTENHOA X% 54
& — B[4 L C MOLL @ 38 IR % #ifi < &
HEHITL7.

WIS R E 5 4 ¥ — 258 (Fig. 6) Tl 20 Hz
® Nd:YAG 78 )V A L — % — (Quantel £ : Ultra50
GRM D7 v 74— &) OREARPL 2MH5KEZ
BELRGE O FLE R A 58 0.6° DL TEAE
5. ZELEGIILEE MRS 572001 10
cmg ORI L@ EEIZ L7z, IR 1064 nm OZE1E,
AIEL72MOLI 74 ¥ — s TH 522 T L
A Si-APD D4 4 F 1% ffivy, 4Channel 57DV ¥ —
MEF W EES. 5320m D P, SREZEMICIE
HHET- D APD % 2 fiffivy, A% — bV ZAHIZD

Fast AD Post-
Electronics

-

‘ GPS Time
<:> PC ﬁewer

Fig. 6 Optical and data flow configurations of the lidar.
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APD % 1 fliflio> T3, Nd:YAG 7SIV A L —H =2
S5OEEXIIH 06 ICIEFOSNTEY, Thzkk
WD HFET MDY — > T Y- 72T E 7%
b, L7255 T, K 1064 nm TOHIFIZ 2x2 12
BLE S N7ZEE021° 0K MIET, BY Ao 725
DOFLE 022° B TW A, 532 nm TOMREFIXEE
05 ODEETHE. DI A4 ¥ —%iE1E532mm
O Wt) Frx A aFFoZ Licky, HWEHRD
BRI B ONLREEH 5. 72, Wi
ECREZ T Z21E 532 nm TOWFEAY 75 >~ 7 b
BN O REMEA D B A5, M2 TIEENITE
L7285 2 — % TOMIEIT-> Thiwn,

L= =R ERo B2 T HICH B H S,
FE AT mEE THEIEE N K £ D APD 12 & 0 B
ENB. AFZ =15V, QswiEs b 6Ch DZE
fZ7 & HIZ500MHz OFE#EADRA P L7 b+ o
=7 ATTF VI IVEFIEZ SN TE ST BHIGE
Fleizaryrre—VvHOPCIZiEEE NS, PC
¥ GPS ¥ £ &A% — ¥ — 7% 5 NTP (Network Time
Protocol) THHIHHIE I NE L HIlhoTWE., —
F, BEROAME - RBIIHMERIERIN TS
POS ¥ A7 & (INS+GPS) 12X D 0.5 msec f:IZHTE
FENTBY, ZOKHLETORSNATEEA
bbb LX) L= —FIRREANC B B Zerk
DOFLE - BEWGHDH LI R>T WA,

MLZ2 B35 W 2016 4F 11 A 16, 17, 18 HIZ
ThN7zs, ZOHOHBRITIZENT, BErbH0
L —H =t 2353 T 1064 nm H & 4 i
(Ch1-4) OB DON Chd 238N 7. 22T, X
WO HmE L) LEEsrom SR Es/~hs L
729 2T, Chl-3 TEMAEZITH) 2 LT L7 3%FT
HNE1 Y ay boF—sroBoOEEIIH#ET
&%, T/, MZEEOMEEEN 100 m/s Mk DT,
Yay FTEOMTHMOHBEZK SmERD,
HWHET 57— 55 b HBEFORE DT 5.

BT I ORI 2 TIREEFROMILEME ) 2 &
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BrzltiEdsI 212X, KAoMBEEZHEEL
Z D% Fig. 7 (HEIZAE 5581, B bin#. A1
AN M. BEHEE Y 25 D) ¥ — 55, R
NHEDO) T —VEFNPERLNS.) OXHIIETD
L HMIEEE RIS Z &1 X 0 HTzZeiion§ 28
BOHMEBREO 1/10 FRETHRD S 2 LA TE .
Fig. 8 1213 5600 m @ & B (HLEF X E A 20 m) 2>
LOHRMBMO—BZRT. BFDH DA
Chl,2 232270 > CTHB Y 11l Chl, Ch3 DA TH
5. NS OET 05 BEF OB A HEIC 4
5. FEBE WL O OBUHIRGER KU B U
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Fig. 7 Return signals of Chl and Ch2 at 1064 nm, and measured
positions indicated on a coastline picture.
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Fig. 8 Return signals at 1064 nm and on-board-camera picture.

Return signal intensity ——
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We have proposed a synergy space-borne observation mission using lidar and 94 GHz Doppler cloud

radar. The main purposes of this earth observation mission are to understand the interaction processes on

aerosols, clouds, convection, radiation, and precipitation comprehensively; to improve cloud reproducibil-

ity and cloud-precipitation processes in climate change prediction model; and to contribute to reducing

uncertainty in climate change prediction. Expexted products include: (1) microphysics of clouds, aerosols

and precipitations, (2) fall velocity of clouds, rain and snow particles, and (3) air motion in cloud, above

clouds and in clear sky condition. To achive the purposes, development of a high spectral resolution lidar
(HSRL) with doppler, multi-filed-of-view, and depolarization measurement functions is underway. In this
article, we report the outline of this proposed mission and the current status of development studies on the

space-borne HSRL. In addition, space lidar missions related to aerosol and cloud measurements studied at

home and abroad are reported.
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Fig. 1 Polarization HSRL at 355 nm (left) and Multiple-field-of-
view multiple-scattering polarization lidar at 355 nm
(Right) constructed at National Institute of Comunication
and Technology in Koganei, Tokyo.
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Fig.2 Observation results by 355 nm polarization HSRL on 2
October, 2019.
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Table 1 Calculation condition used in the simulation analysis for
the space-borne HSRL at 532 nm.

Item Conditions
Satellite altitude 400 km
Laser energy 50 mJ
Repetition rate 50 Hz
Telescope diameter 0.6 m
Field-of-view 65 prad
Vertical resolution 300 m
Horizontal resolution 10 km (70 shots)
Quantum efficiency 0.5
Band pass filter 0.2 nm (FWHM)
Background noise 74 WmZum st

V=Wt v v rank 81558 25 (2020)
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Table 2 Optical properties of aerosols and clouds at 532 nm used
in the simulation analysis®.

Particle B S Range S
type [m'sr!] [sr] [km]
Aerosol
Back- | 2.5x10xexp(-z/2) | 50 2-35 0.0
ground
Dust 2.6x107%x 50 3-5 0.3

exp(-(z-4)*/1.5%)

Urban | 4.0x10"%xexp(-z/8) 50 0-2 0.0
Cloud
Cirrus 3.0x107x 20 9-11 0.4

exp(-(z-10)%/1.5%)
%z is altitude. B is backscatter coefficient. S is lidar
ratio. 3 is depolarization ratio.
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Fig.3 Simulation of the space-borne 532 nm HSRL measure-
ments. Signals detected by Mie channle (Black) or
Rayleigh channel (Green) during day (dotted line) or
night (solid line) and their uncertainties are plotted. The
extinction and backscatter coefficients derived from the sig-
nals and their retrieval uncertaines are also plotted.
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Wind profile is very important especially for numerical weather prediction and investigation of spatial
atmospheric structure. Current global observation is significantly biased to water- and heat-related mea-
surements with relatively low vertical resolution. Global wind profiling with high vertical resolution
would improve the numerical weather prediction skills. Space-based Doppler Wind Lidar (DWL) is one
of useful approaches for global wind profiling with the high vertical resolution. In the paper, we describe
a space-based DWL.
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1. 1FLBIC

PR, HERBIBE TR Z > Tw 3 AmEH X, Z
M, A, 5RO KRIAL R 5 B AT DTG B B
DWMY, Pk, FEOEORRIE L MRKMIC
b6 L, ZORASEIHLTWD. FHLALK
EIZL-T, AciFohFcllhicfeicssshn
TWwb., [ERENSMPMELFL20, Tl
WZHED WM RITE AL ETH Y, TD72DI,
Bl P (Numerical Weather Prediction: NWP) % i
DI L, B E) R 7 BHO 72 OIEFICELE
LRETH 5.

X, R, AR, WSO X9 ITRADIREE
KT ERWPOEELLARERO 12TH Y,
HWERBBELD S R % A r — VO KRG WA, &
X+ REIEER DAAEH S5 OB ZLFA /R T
H5H. JROEESABIINE, 4K - HIBEET VI
B BT, KT IS ZE 2 M E o St %,
SRR 4 R AR BIG ORI B W CIERICE
HThb.

TR 5 4% B8 (World Meteorological Organization:
WMO) &, B BARBIRIZD: > THIT 21T 2
5 X )T, BkA RAZRBINA Y BT — 7 LSRG
VAT AERMEL TS, WERBETART— 5 %
P CEXBHEBNY AT 20EERHIIML T2
A5, BUIEOHTABNN S A 7 201, BB TR
B & UKL B S 5 B R - Tw 52,
WMO (& 4 BRI TR & & 4 2 B ZEORR B %
“Observing Systems Capability Analysis and Review”
ELTWMO DA—LR—Y RIZARLTWAY,
BAEOERBBI S 27 AT NS OEFZ LT L
b7z HIFTIE .

ECE MBI T & i 7 A M, HE SRR B A
7 — ¥ a VIZMEAIMEORR G RIS 2
BN, JMOEESMEG 2 v, b ERE Y 1 >~
R7a7 747 —3RDEEIMEZ 52 TNDD
DO, HA, VRN S OHEREER S 7z i L
HEIN TR, BOBESmE, V4V VT
RRZERBIHICZ o THE2ONE. FVFV U TE
PLZERRIC & 2 BIE, JLPERO A DS Wb T17
b TE), MPERTRIELATITDRL TV W,
512, FEARSGE BT 55 BIIR B L
TW5, HLZEREBINIIATZZmU EICBE S b %0
DD L. KB FEIR LWL IER IS K & 281
WO L o T 5. i, FMERROZOMD
B 70 M3 o0 B 0 R A, BT e B T
ZHOWBIHTIZBWT, A—EL wo LiEZ
I LTWab.
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HRBEBO~ A 7 aPEEELEHE, MR AT O A
THHLOONR7 MVABIHATE 2. #HEEBHA
A=V x—1F, EXKERKOE) E 25 KB
(Atmospheric Motion Vector: AMV) 12XV, 1~2 )3
O FIVEBZ 5252 EHNTESL. AMV i
IR BLNEEPHE, 55 BHIRE R 23 5B e ON K SPARR EE
(25 LTV 1045, 05°%0.5°) ZFEBLTWDHH, &)
R (12km). X7 PVEIZBIT S T
VAV UFIIHT A AMV DN L T A & IR
(Root Mean Square) (IR E WV (N4 7 A1k 2m/s 12
BE, RMS N7 ML 1F4m/s)*Y. X512 AMV
X, BEWEOTF, Lo, HRE, Zodk
Wb, RSO HIZE < ORA, ARG M A
T, X7 MVROREHPEHETH D, AMV OF
SHERIEIEFACHEL <, MhoBllFkeE & o it
B m (30-60 hPa) DiEVHEL 267,

Ky 77 =74 %— (DWL) &, &l
fiitig, MRVNA T A, EWCBUIDEELIC X 2 A0 R EE
DHiEGZAHZENTELDOT, TNETOREB
WOXyy 7E2MDLHEANTE S, BRINFHHEE
(European Space Agency: ESA) ¥, @ERCTHEODEE
GAi B 7201, WRTHDTE %5 E ALK
Ky 79— 45— Aeolus®? % 2018 4 8 ]I 12
HH L, KEAEOBINZ B L7 Aeolus I3,
R OHEAT TN A LT 90 B BEA ISR L —
FHAGM L, 1 #8851 (Line Of Sight: LOS) Jal
BOBESM %52 5. KETIX, NOAA & NASA
WANR—ZA Y ¥ bV, FHAT—Yay, Hbw
&, WM RICHERT S DWL 2L TETw5
A, I v yaMEETICRE S TR 1013
HATiZ, JEM-CDWL & IFiZh 5 FEESH A 7 —
v a ¥ (ISS) ##kd Coherent DWL (CDWL) D%
BT REVE ISR $ B WFSE 2 1990 4EAC R 1A T bz
A, Ivya LI TIRES oW

RELHFTIE, 2 5 CTIUEBLNATHE S o i 2 35 3R
Ny 77— 7 A4 % — Aeolus |2\ T ESA D
Aeolus R— 7 V¥ A4 hONEZZHLOOMAT
5. 3FEL ARTHAEREDO HEAOHAERE v
TI—RTA T —LHEERNy TT—ATA T —
ORT =7 T2 FEHLE I A RITDOVWTHRNR, 5
HETELDD.

2. HEEHNYTS5—RAF4 54— Aeolus

Aeolus (Fig. 1) 1% ESA @ Earth Explorer Core Mis-
sion-Living Planet Program ® —2Td& 5. F7% HW
(&, WMO DEERS 2 SRie o fif g & JEUBLHIR; BZ Al
OEESA R L, 1) HEOZIRBI > X 7 4
MR B BN B 2 BE DM, 2) &R A

L=t v v 7East 8185 25 (2020)
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Fig. 1 Measurement geometry and coverage of Aeolus for (a)
design in early 2000 and (b) launch in 2018. (https://
earth.esa.int/web/eoportal/satellite-missions/a/adm-aeo-
lus) ©ESA

WX —=IEZICT 20~ D Bk, 3) @ERKEME
R, BKYAT A, Zhv=—=aBlg, IR
5, BE B/ B E O RARIEBRICHE T 5
e~ 57— & $eft, = —RoOMEBNI v a v
HE LTWs, F72, “ROHEEBNI v a v
HigE LT, 4) EanE % 2ko i@ i o4 o F i
2 X B 5MBEETVORGE 5) K&AE A
F—, K, 7OV, {LEWEFEOHMERBBEOK
SE R OIEBR T 2 BN b, 6) ZIAEE,
I— 1Y)V D5 ARG BRSO Spin-off 71 &
JhDOF—%ty FORMEHITFTTNE.

Table 1  Specifications of Aeolus.

Attributi Design Launch
Altitude (km) 400 320
Off-nadir angle (deg) 35 35
Laser transmitter Nd:YAG, freq y-tripled, diode-pumped
‘Wavelength (nm) 3549
Operation mode Burst mode Continuous mode
Pulse repetition rate (Hz) 100 50
Energy per pulse (mJ) 130 65
Telescope diameter (m) 1.1 1.5
Telescope type Cassegrain

Fringe-imaging Fizeau interferometer

Mie t t
spectrometer 16 spectral channels

Double-edge Fabry-Perot interferometer,
2 filters, sequential
ACCD (Accumulation CCD)
quantum efficiency 0.85

Rayleigh spectrometer

Detector

Table 2 Observation Requirements. PBL: Planetary Boundary

Layer
PBL Troposphere  Stratosphere

Vertical domain (km) 0-2 2-16 16-20 (30)*
Vertical resolution’ (km) 0.5 1.0 20
Horizontal domain Global
Number of profiles (1/hour) >100
Horizontal track data availability > 90%
Temporal sampling (hour) 12
Horizontal resolution / integration length  (km) 15 (target) — 100 (threshold) / 50
Horizontal sub-sample length (km) 3 km scale
Randoem error (HLOS Component) (m/s) 1 15 3=
Systematic error (HLOS component) (m/s) 0.7 0.7 0.7
Dynamic Range, HLOS (m/s) +150
Error Correlation per 100 km =0.1
Probability of Gross Error (%a) 3
Timeliness (hour) 3
Length of Observation Dataset {year) 3

Tables 1, 2 12 Aeolus D ¥ A 7 A FEIT & EELINZE K
ZIRY. Aeolus X, BEFEE LTHY LMK
100Hz * 7SV AT AV ¥ —130m) (HAEEfE 150 mJ)
TEMET 5 54 4 — N - 2385 H O Nd:YAG
L—HOE=EMHETH L IEE 355mm O L —F5
(ON=Z bE— FEE), ZE/RE Ll
ZRAL, DF1LImoh s L U EEeE LA
J—Fy RV FELTZYO Y T4 VT =% HWn»
LY TNLy VHEXOGNE, I—F v AV E
LC7 4V —=THitz w5 v 7 HR 0565,
Mg e LTHESB CCD 2 Wb 545 —L LT
RSNz 2otk 2003 FEF CICEEGEOOF
Z1LIm~250O81.5m~, 2010 2L —HFIZHT
LML E2—12BWTC, 3EMOLE FET %]
REL L, WY AT~ —Y Y RIERT 572
W2, L—HErE [N—2 FE—F] 25 [k
E— N, B0 LUEIEE % 100 Hz 22 5 50 Hz
~N, SV AZANVF—% 130mI 225 80mJ ~ (H
Bl 120m)) ~, & KERAMEED fTh:

Aeolus 1, M1 2007 SEICHF LiF BN s 2 L8
Pl s N TWiz2s, L—VREOBNEICI VT L
FAsIEN, 2018 4E 8 H 22 H 21 B 20 43 (GMT) 12
T VAEXT IO —a =5 2 ury b T
TH EFS /. Aeolus DL —HI1x, L —HFid
WEparvy3Ix—ardBRELENE ) ICHBE
A trbhztk, L—FHEEIMEA SR, 2O
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ALANF—65m] OMIJT7I4 PEFNV L —HF
A (FM-A) OERPHBE I N L—FFM-A D
Wi, #EH 2 M TH60mI FTIRT LD
(0.4 m)/HOALT), BRSO EREI TN
L —HHGER Y FORESA D L 0 #EIEL S 7z
FER, NV AZANF—KTIE1IHD72D 0.14m]

FCTHMZ SN Fotk, 2018 4 12 Avd) £ T
CMHmA e\ 72, S O, HIESE2S8/E L Tw

BOWETH AL LS, HETORERIL,
Qsw L —HRIWEGFOMTEI AT I A M &
HENTwWaDE. L—H%FM-ADHEIIE, 2019 4 6
HIZIE 7SV AT ANVF —40m) $THRT L2720,
B EE NS THZERAME LT TR
SNR #185 729012, L —¥ FM-A 75 FM-B ~D1Y]

DEEZD6 HRIZAThRI, NIV ATRNF—IF 67
m] FTHEL. 0%, NVAZALF—E3A
LE2MKTF L, 20194 11 HER DK 5T 60mJ &
o2, R2AEEWICL—HHa— VRS L —}
DOFFEMLIZE Y 63mJ I LA L SV AT RV
F—12 20204 6 HRREHMT2mI LEEEHMEL D D
v, EFICLE LM TEMNZRT TV
515)_

SO TIE, JuMildE (CceD 7)) L EEEEo
FHEICHEIELL. CCDHEDO L) Bf A=
M TR RICRMDSH 2E0H Y, HHEHIC
XoT, Ay PEZ RV (BICHIRE 51X
Vo ER), Fv FEZ XL (FIHITIRE), 2
7y ¥ 7l (FIZELTEISHE) FofEs)s
H5DH. Aeolus TlE, LAV —HEI-—HOWmED
SHF X YA VICHAAENTWD CCD IZA v b
7 VAT B 2 h, HH EIFERORNE
BE2 HHIB L, BER & & D ICH AR o BAs8
L, Jd7as s ManA 7 2%4EL, F—2 eI
WHEEHZDERE o ZOMEZBYT A2
DI, Aeolus IZEMMICHRAE T HOE TS
BERETEIE & 2R, 2019 4E 6 H ALK, & v b
22 VIZEAINATAZHYBEVWTWS, 20
Ry PETRVORAEERIZOWTIE, FAEELS
HEDSNTWD.

WIS, RO EHEITHE L 72 EIC O W TR
L. WM AR Pt v ¥ — (ECMWF) 1,
20046 1 H LI EFBMEFHREFT VT
Aeolus D LX)V 2B A\ 7 a5 7 &R HWTT— 4 i
L% B L7z, ECMWF %, &EREUEFHE T L &
LAY —HaktFx ANV 2B JET T S »
NOEEBRTRICEHE L 728 25, K& 2Rt
WHDHIEPHPL, LEEOEFEOWE & IFFIC
MBS Z &b h o7z, BHEOREIL, K&
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L AL 4

DOALHEBIFREEIC L ) BB L 2T, EHEOIIR
MWERLIZTDONATANRELIZE LT A,
Aeolus Tl 2020 4F 4 H FHICHIEZ 1T\, 2O
AT AZRYERWTWS.

ECMWF TiE, 2FHOL —¥F FM-B I & - TH#I
Wsh7zm7a s s b xEHNT, SEREETFHRNS-
ZBA 7 MZOWTEHIZ #ED TV 5. Aeolus
O EBIIIE, TR B EE, GNNS EHMER, KX
BEFEO X 512, ZNF THoICHEL S BN
A7 L ER UM [R5 K] OMEHICEE R IE
DB 2522 RmLT0wA, 72, BT R
7 A 9% B (Observing System Experiment: OSE) T
X, 7— 7 LD 72D 122l S 7z Aeolus OB
W7 — &7 RO 1% Kb b5, 4
FBLOHHFH GRKI0H) BT, ¥4
RF VI XIVEEE RS MVROTHIFRED, B
MR TR 2%, RPERCT2-3% WA Lzt shn
TW39 2004F 1 HMaary oLz
COVID-19 2358 L, 4 @ HHEATG R 1k 4 %0 FE
WCKELREEZRIZLTVD, FRITERTIIEZ B
ZIBEAHIRS N, FEHMERD? S ORRT— 5
B L7z, D70, BAEFHRE KT 28 &
EN72AS, Aeolus DJE T T ¥ 7 X, 76 H fiZer%
NODRET — WA Z T 5 DRI -
T\, Acolus |2 X A &ERE BN, $fiF i~
OF ML HEBNOMEZ R L Twb.

3. BRDHEERHNY TS—RAT1 54—

H A T, JEM-CDWL & I iEh 5 & B 52 i A
7 — ¥ a v (ISS) # #k ® Coherent Doppler Wind
Lidar (CDWL) @ FZBI0] ek (2 B3 2 WFFE 2% 1990
AR TNz (Iwasaki 1999). Z 0, Hily
1B L OREN B S i B CDWL o F23iT
REMEZ R T 272012, 2011FEICT—F 277
V—THHMmEN, HEKWCDWLHY I 2 b —
FIEBYIaLL—va vl ATLAYI 2
L — < 3 Y925 (Observing System Simulation Exper-
iment: OSSE) %% jifi E 1, M A D 5 Tw
2779 HAROMEABEDWL I2BWTY, 4%
SRIE S RRE 2 A 9 % JEL 0D 15 BE 43 A7 B % A ERBLEL T
EIL, 1) BETHEEOM L, 2) BEOEKR
MO FH oM E, 3) AEET IV, K%kt
TIVREEE DI b, 4) KAGE R o JR B AEE, B
KGR, BEMEEREOm EEICHEMT A% H
e LTwa, F7z, tESEBE LTS Bl
FEEZ O MO IR 3 KT M2 & TDAT — 7k
V=R, 6) #ET— 5 ORI OEZE
WL THZERHE Y VA RCBITAF-hTiHE Y

L=t v v 7East 8185 25 (2020)



Fig. 2 Image of future Japanese space-based DWL. ©TMU

A AHEEDORNIIETTA.

Table 3 IZ Ml 23 5 B H AR o i 2 5 ¥
CDWL D6t x /md. Bif S Twb CDWL ¥ A
TATHE, EERELTCHICRERERENTH S
15um b L& 1E 2um D8V A L —3F, FAFa sy
A IR OZER» SR IN D, 2R
DI 60 cm, BUAHM AT HEIE 1 2L 2Th
H. flEFary pe LA Fyarary b,
ENZE L OBREEHFEI I TS, &
¥ TOMETIE, AP0 #6E 50 km + & EEFEFH 0-3,
3-8, 8-20km \Zxt L, #HiH - HEE & B RS B
X, M F N 05km-1m/s, 1km*2m/s, 2
km*4m/s Thhb.

4, FHESRANDRH

2020 4F- 6 H 30 HICBEERE S 7z [92H EARET
W] T, HAROFHEXZFHRIICEREIETY
{72012, T ZHEMET) &3 A RFNFIEIR RS
NTWw5. Beyond 5G % 6G, Al, IoT, & T K755
DHEFH LM OBEAR =2 —AR—R" LT
NERYF XY —REOFHBAZERIL, IhFET
DE)ICHICHRET— 7 2T 20Tl L,
W7 — 7 EOMERIZE 5T, Ker O FIZBT
HARHEE RIS L7200V ) 22— 3 v Offt
&, INFE TIZED - 72— E A8 LWl o fl
WEARD LNT WA, FD LS &, 2017 FEICH
SN/ FHE YA AT 5 X b S-Booster 2017 |2
BWC, ZEHED1ANTHLIBANREL 2 [BIKE
JERREBRE Y 79— AT 1 5 —I2 X 5 RATREE -
FEEREL Y AT A OREEE] BSREITHE V. fE

Table 3  Specifications of future Japanese space-based CDWL and
observation requirements.

Attributi Concept

Altitude (km) <300

‘Off-nadir angle (deg) 35

Laser transmitter Optical fher Solid-state

‘Wavelength (um) 1.5 2

Number of looks lor2

Pulse repetition rate (Hz) 150 30x2

Energy per pulse (mJ) 50 90

Telescope diameter (m) 0.6

Telescope type Off-axis

Detector InGaAs PD

Target horizontal resolution (km) 50

Target vertical resolution (km) (Vector wind error (m/s))
Altitude 0-3 (km) 0.5 1
Altitude 3-8 (km) 1 2

Altitude 8-20 (km) 2 4

53K DWL O JaUB1RNE B AE - Hors B 1) 11 X 2 Bk
B EIZ TR, FHEY A RAEERENDE
Wik 2 L 2R L, HANMEOD HHRI v
YarvkLTHfFENTwa.

5. ¥&B

BifE, BIKEEfEERDWL 0 FEH X HiEL
JAXA, "B, ANAF— VT 1 Y7 A, K
%, BENIATZERBEASIN L, BB X OB
HPLOME 2T TR, FHETAAEVWIHHL
WL S OBET b ITh I TW 5, K R AL
& CDWL o 3, ¥EFHAEEom b, ARt
TR KAUIE T TNV EOTFINEEN L, BT O
BRI A7 280+ V=B X 2B
FEOREN R ERZT TR L, BT — 5 259
HfEZAIET A2 EI2LY, R FHEY A A
AIHA~OWIfF L K& v, ESA 1, #EEKDWL I
X 5 ERE BN 2 Wk 3 5 72912 Aeolus D 7 F
U—%r3Ivyaryromaeisa L. BUEsRk:
BRI, 5% ORI RLTETDHD.
AR w5 B i B 3% CDWL o 810 R H: BRI,
Aeolus D7 B —F I v varyOmRidzEFE 2z
LHRHHED T FETH 5.

E

WRBEWR Ny 75—l T 4 5 — DM A5
7E (O—#R) T, ISPS BHFE: 17H06139, 19K04849,
19H01973 OB % 23725 D TH 5.

BEXH

1) T.F. Stocker, D. Qin, G.-K. Plattner, M. Tignor, S. K. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex and P. M. Midgley
(eds.) : “IPCC, 2013: Climate Change 2013: The Physical
Science Basis. Contribution of Working Group I to the Fifth
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We propose the concept of space-borne synergetic system to measure wind velocity by using the next gen-
eration imaging Fourier Transform Spectrometer (imaging FTS) and Doppler lidar. The system consists
of imaging FTS technique on Geostationary satellites and Doppler lidar and Doppler cloud profiling radar
in polar orbit. Main objectives of the space-borne system are to provide (1) four-dimensional wind with
high vertical resolution, (2) four-dimensional water vapor and temperature fields and (3) four-dimen-
sional clouds and aerosols. Simultaneous retrievals of temperature and water vapor will be carried out by
the imaging FTS as done by AIRS on Aqua satellite. Atmospheric motion can then be estimated by apply-
ing similar technique as AMVs. Observing system that consists of the imaging FTS and Doppler lidar
(and/or Doppler cloud radar) will open the new era for improving the numerical weather prediction
models and interaction among atmospheric dynamics, water vapor and cloud systems.
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Acolus #F 2 23T H LT S, W& THKFAHE 275
LNb EI)IZ%h 572 Aeolus iR IZIX P& 355 nm
DEHME IR TR Y 7o —HEEZRDD T4 58
FlRsh, =7V IRESEL, RESTF2560
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HEECHIR B IO R v 75— HEOSRIE 55 D354 5
Nz EH ko727,
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Fx yANVERDL, Alb, KER AV, ZBRL
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BIZRHGLTWD. INHNA = ZART Lt
Y= HnbHZ LT, R EEO TR
ERFLEZ WL 1 km, AFREE 10 km TN
T LN %Y.

AT, BHEEREICA A—Y YT =) %
PR eaE (4 A=Y V7 FTS) ##RL, 2h
LA R IR ENDE Ry 7T -4 FR
T —EL—FTHEENLHEEGEBN Y A7 24
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DOREIBEI SN TWA (Fig. 1).
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Fig. 1 Imaging FTS instrument developed in JAXA.

Table 1  Specifications of imaging FTS.
700-1200, 1600-2250
cm’!

0.6 cm™!

0.23 K(@1030 cm™',260
K), 0.85 K(@2160 cm!,

Spectral range

Spectral resolution

Noise Equivalent
Temperature Difference

280 K)
Accuracy 1 K (TBD)
IFOV <10 km

Observation areas
Sampling frequency

Full Disk (TBD)
<30 min.-1hour

VLR, 154m ETMETELH02E, &
2020 F v v ANELRS.

DA A=V VT FTS ZELERICERT A2
& % # 2z %. Field of View (FOV) 1% 512 km X512
km T, ZN% 4kmx4km OfFRETHNT 5.
512km 3O L, FHTIORBNETS. 29
LTI (L3058 JEi27v
T4 A7 TORBENEFEHT 5.

FFIEFLE 17 5 O EERBIINC X 2 BLR R 2 5,
ERKFERD 3 WILHAi KD, ZTITAMV #Ex
WHI L, W2 e cRusiit 4+ 8T 254 %
A4, BEMAIE 10km LFAEIH SN TS, 99—
O SR RETHNA IN—ARY b Lk v — %
IR T 2RTH S LRI TwAE. Thb g
HMAGDLEL Z T, EERO RSB A E
BT 5.

Mok L BRI, Ky 79 —54 ¥ 2 5R$ 51
BT R & ORI 2179 2 & 25Tl L T 5.

Ky 79—94 7121, EEREFREae—-1
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3. MFE
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5 — AIRS & ¥ YN I BESE U 72 40 i e T T
BEEHWAEZL2EZLD. AIRS 2T 5
Aqua fif 1%, EL — ¥ 2 L7 CloudSat f#if £ %
54 ¥ &I L 72 CALIPSO i 2 & [f] UL T
% A-Train Y38 E % b3 M ETEMNT 5. 3.7
pum A5 154 um O % HE R H I 2378 F ¥ ~ F v
TH 7V 5. AIRS OiE#HE T ¥ 27 ME, KF
TRAREE 45 km, SR MRIRIE 2-3 km TAU & KR
FRMELTVS. 20 45km &) KOG,
AIRS Db & D FOV O 35124 T 5. THIEED
AT == Y TR BEED 45km DX A4 7 1
WHHEF AMSU ZFIH L TWA 720 ThHb. D
M) 1%, Channel ranking %% Hl\» 5 2 & T AMSU
EFHHTAIE R ERNT A LENTRETH S
EPDLEIRTE D, o 2 AZEBMEANTENIZ,
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110 & 46 F ¥ ¥ AV EH WL HT, KRR
13.5 km - SHIEMEIE 1 km T, KiR.E KELA DN
GAMMAEBRTELZ IR 2. 94V VT
W2 X BHGEER, AIRS 20 53K b N 72 KR & &
2 5 K f I % 5H A L CloudSat & Cloud-Aero-
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Fig.2 (Upper) Time-height plot of super saturation respect to ice
from AIRS, (Middle) Backscattering coefficient of clouds
detected by CALIPSO, (Lower) Radar reflectivity factor
by CloudSat on 6 February 2009 in Arctic region (modified
from Ref. 4).

sol-Lidar and Infrared Pathfinder Satellite Observations
(CALIPSO) |2 Z# M FH:TdH 5 KU-mask” & 5T
R 72 Fdg b IRIMRE & SE 0 L 72 Fr, HEAT & 4
ERIBHT O 7 TIEEIZ B VITISEREZRLTEY,
INAIR= AR NNV V7 — DRGSR T D
HRMEDSEE SN TWD (Fig. 2). 20X ) Il
SN ZE B R RE D KBRS B O M4 L %
BY AMVEZHHIT A& T, HEiEEEG 3K
LA L E OB ONE LR TE 5.

CNSHEILERIBERWA A — Y Y FIS &l &
LT, JAXA/NICT THFEHD Ny 77 —=5 4%
%>, ESA @ Aeolus f# £, NASA THFEH DI —
LY MKy 795—=54 %, 2002 FEEHS LIFFE
@ H Rk I [F 5 2L 7T EarthCARE TR T ED K v
77 —EL—¥% CPR &k 355 nm DFAXRY M
SR 4 5 ATLID, 2028 SFEEWNFTH L& HiE S
NASA decadal survey @ A-CCP (Aerosol Cloud Con-
vection Precipitation) FHll THEAMET SN T2
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HhELBMY AT AN EZ 515 (Fig. 3).
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Fig. 3 Global wind observing system by using imaging-FTS,
Doppler wind lidars and Doppler cloud radar.
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Abstract: Measurements of water vapor profiles are very important in the studies of atmospheric dynam-
ics, clouds, aerosols and radiation. Water vapor is the predominant greenhouse gas and its vertical distri-
butions are especially important in the global climate system. Water vapor data would lead to benefits in
numerical weather prediction such as localized heavy rainfall events and typhoon forecasting. We propose
two-beam spaceborne water vapor DIAL with the OPG/OPA transmitter using the absorption line of the
1300 nm band. An error simulation is performed assuming that the platform altitude is 250 km, the
receiver diameter is 0.8 m, the laser energy is 20 mJ, and the repetition rate of the laser shot pair (on-off)
is 500 Hz. It is shown that water vapor profile measurement relative error of less than 10% is possible
between 0-2 km altitudes with spatial resolutions of 300 m vertically and 20 km horizontally in East Asia
in summer.

F—U— N RERT A Y —, ESWINT A ¥ —, KER, JEETV, BHETH

Key Words: spaceborne lidar, DIAL, water vapor, climate model, numerical weather prediction
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Fig. 1 Main links of water vapor in the earth’s atmosphere.
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Fig.2 Absorption cross section of water vapor.
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Fig.4 Schematics of the scan-less two-beam water vapor DIAL.
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Fig. 5 One-day orbit (yellow line) and footprints (red) of two-

beam space borne water vapor DIAL. (Orbit altitude is
250 km, orbit inclination is 35°and nadir angle is 22°)
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Table 1 Parameters of the two-beam spaceborne water vapor

DIAL.
Parameter Value
Pulse energy 20mlJ

(10mJ for each beam)

Repetition rate 500Hz (on/off pair)

Wavelength 1300nm
Telescope aperture 0.8m
Quantum efficiency 50%(APD)
Platform altitude 250km
Ground track speed 7.8km/s
6
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~ 4
£ —— AZ=600 m
=
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2
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Relative Error (%)

Fig. 6 Random error of water vapor density for the two-beam
space borne DIAL with spatial resolutions of 300 m/600
m/1000 m vertically and 20 km horizontally with a
summer water vapor profile model over Japan.

Table 2 Remote sensing of environment threshold
requirements for spaceborne DIAL.

Parameter Requirement
Altitude range (km) 0-5 5-10 10-16
Vertical resolution (km) 1.0 1.0 2.0
Horizontal integration (km) 100 150 200
Random error (%) 20

7. E5LSEROWEE

71 BEFE-KRBEOT T v I ABANOEB
E-RAMoBLHRE (77 v 7 A) 1%, S
VAT AIZESTYH, XDEHOREHLICL ST
b, MERNTIA=FTHDH. T0OHH [EHE] &
o7 7 v 7 AR THiRN®EZ Z2/hEvnh oo,
RENDOKRELMAGRE X TH Y, FRI B~
BAFIZBWVT, E - WO KA % L IcHE
BINTG A= ThHb. LhL, &EFGAzEdEL:
Ty MIBWT, a5 7 M OERIKE

76



= AR
#ie LRSJ dmmmmy

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

WRIERAEWINT 4 77— 12 &k 2 70— NV RKERS B ORE (Wi 1)

20
C — 0=1E-24 m2
15 q
= — 0=4E-26 m2
310
=
< d
- = — 0=5E-27m2
5 <if
0
0 10 20 30

Relative Error (%)

Fig. 7 Random error of water vapor density for the four wave-
lengths space borne DIAL using the parameters summa-
rized in Table 2 with a tropical water vapor profile model.
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