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Mission of tree crown height measurement:

Multi-footprint Observation LIdar (MOLI)
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Abstract

Multi-footprint Observation LIdar (MOLI) science group collaborating with JAXA have started “Phase
zero” study; to understand changes and trends in terrestrial ecosystems and their functioning as forest

biomass, and to characterize an impact of their changes on earth environment or climate. This study is

required new measurement method from space to produce high spatial resolution global maps of the 3D

structure of vegetation, such as biomass above ground. We show a brief introduction of our current and

future work in this symposium.
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Table 1. Requirements of MOLI measurement

RMSE <3m

Pointing accuracy 1lc6<10m

Observation region N51° —S51°
60,000 point

Frequency within 1 degree
grid per 1 year

Lidar

Wavelength 1064nm

Pulse energy 60 md

Pulse repetition rate | 150 Hz

Pulse width <10 ns

Telescope Dima 0.7m

Beam divergence 0.123 mrad

Footprint 50 m @ 400km

Field of view 25 m/pixel

Detector Si-APD 2x2 array

R LD ZERWRECE D, EMEmOSER
FIRFEDET & 7e o THIEMOBENIFE S LD,
NAF = ZAHEEIZOW T HE S & e S o1 4
~ A, HERE TA X —WIT = DRT A =X
ELCEERMNTICE > THEE T 2 FIEEBIR LT
W5, ftEHEEREE GLAS OF — % Z Wil Lo
FEME & b3 5 L HEERR A L LT 40t/ha f2E &
RFEH > TW5, MOLI Tik GLAS &l LT 44y
BIFE 70 L DB I OMIE, AT J7iildi st
W32 Z L Toftr T —2 0 LRIk v | BifERME
Lo TWDOREEOREZR LA EXAMFFTE 5,
MOLI 2k 23 viarTIEERo A 4~ 2H#H
EREE G CICEREECR, KETRRE., TR HE
& WS T E~OFHAZEFEL TV D,

3. L—V—WRET VOB

FHOFEHBBE T A ¥ —0RHRICT T T,
MOLI T3t & L —F— R0 EHME, 0
BREE COBEMEREMEN RO b b, JAXA TiX 2011
FERE L 0 FEHA VA L —F—DE#E M Rlomig
ToWFFE A2 I L TRV, 10W kL —W—DHlfE,
R L —W— DM AER, BB AHRER, L—3
—FHE a7 I Rx—3 3 UK DN ETRREOM
HHZ DWW TIFZEZ T > TN D, SHEEEIZAD 2L R
L—HF—DHFZE)> 6 MOLI OfF%E L e LT E
TH5Z &L, BETH VAT AIZONTIET AR
T MOLI O AT A& SHHICEWE~ET 5
LTS,

FEEE E ClIC L — Y —DRECIHzER AT L —
PR B L ORIBSEIERR ORIEZ 1TV, WH O
HLAEER T 3L A0E 10ns F2EE, 35md/150Hz @
HAETEMER LT,

L—H— & A F— RO CIIEZ O~ &
—oY TN EAFL, BIEETIZ TG v a v b
L EOEWEZER L, EmMiEsGonTtng, #

BOFGMTHRE LIRER & el d 5 & BUE o F il
BRAZ K L CTHEAEIR O ER 25T 5 derating
DOFEIZLY, L=V —F A4 — RFDEFEmDER(L
WZOWTHRIBEEN LA TE 7=,

TFHRRHERBR I OV T b T~ 7 u hoic
L oMHRBR AT L, HHTEDON U Z—nHE
L= —H A F—RKRAZ v 7 IZONWTHIHZTD
AHTRESS, BEBA T OARRBIZ DWW T AR N 2N T
L EER LT,

L—Y—Fia ¥ Ix—va LD h¥ET
DI OWTIIFHHRE T CEHERESR &
2%, FHEOHEEE TR ERIE SR E O &)
7V — 2 — A THEANCHEEA R & OWE % ~—
X TERIZ K o TEEL LV LRV D, E B
FEUEIT NASA 213 U6, ESA, JAXA [V T b ik
BIHESNTWD, BEREHOLETT Y M
AL BgIRa s Ix—va FEBEI LT
500, #uE ETEET 2 FHEE CIXRRIREIC
o TEbLO TPV EGTROa U ZIRX—
a UNRAET D, ZHUTAR—F 2 SER e O THE T
LEnNR2NnWZtazbobb LT, FHETHNIT
Wr kA MLI D510 K 2 KAWL ERO E5F | PiE
HETHIT BRI E L. KR0S LR
o TNV AL —HF—DEERNIZHEAET H5E
ERNERET a2 Ix—va B —¥—IC
KO HTH SO PR ITHERE Lig . —E&
HBZ D L ERSCHEARI R A & DT,

TONTAZLDa v Ix—varyariiEy
Lo, BERMIFEHEROV—F—CHHT 58
ERCEAR S 25N L TR AR A 1 5E L 100Pa
BEOESTEALRECTHE Lz, (E5EEG
WF 2 VRECITBEZFET 1 BEEOKRE
LOVFIERT, ZhETHESRTWAEHEICDH
K SHERE B I IRk CE o T, kG LD
10-3Pa LLF D@ EZE TOSMTIZFMA T E 27
S, SRITEEERTOFNTE REY
XD TETHD,

HAR EHER O IED -1 4 EIF A2 A5,
ZOBA, METLIHETFHCTHBRARHTE DS
EIZMA T, 1 RBTH2V THADOTERE &2 LV
R U A B OREF S LB L I D, Bk
IR R D -IERICKT T 2B T 1 FEFH72Y
OBREEF A2 25m & L, L—F—Di L7 v 7Y
v METER TR T AR E Lz, 4 HEIFEFICEL
DHIE S & AR EEA ORI O 7L =) R NFEFE
D=8, MEEERELT- 4 DBIFEF A2 HIAALTR
BIEE OWEEITV, AFEZR BT AT L0
FFEAEAT O TETH D,

4. £t
FEBLE Lo EbEEREIC X oftE~ Y 704
D> B A T AHEEIZENT T2HF5E 2 Efis LT\ B,



ICESat O#LlT —% % FIZH I ICH @A, A
AF<AHEEDOT VT Y XL EHet L, BE e
3m X° 20t/ha OHEEREEERKIZOWNTH ENHE LI
T&, MERFATZA X =D v VERE
REEFEMTHTETH D,

5. e

MOLI 5 — % ORI L B fmB - oA F~ %
HEE T L) X I OW T B AT R A PE R A 72
At HHEAK, ESLEREMZEHT  MER K, UE
— by T2 mEEERKRICS K
LHE L EMETHE E L, ZZICHELZ R LET,

6. ZEICHK

1) H.K. Gibbs, S. Brown, and J.0. Foley; “Monitoring
and estimating tropical forest carbon stocks:
making REDD a reality”, Environ. Res. Lett. 2
045023 (2007).

2) S.A.Sader, R.B.Waide, W.T.Lawrence, A.T.Joyce;
“Tropical forest biomass and scuccessional age
class relationships to a vegetation index derived
from Landsat TM data”, Rem. Sens. Environ. 28,
143, (1989)

3) A.Baccini, N.Laporte, S.J.Goetz, M.Sun, H.Dong;
“A first map of tropical Africa’s above-ground
biomass derived from satellite imagery”, Environ.
Res. Lett., 3, 045011, (2008)

4) L.R.Sarker and J.E.Nichol; “Improved forest
biomass estimates using ALOS AVNIR-2 texture
indices”, Rem. Sens. Environ. 115, 968, (2011).

5) T.Motooka, M.Shimada, O.Isoguchi, M.Ishihara,
S.Suzuki, “Relationships between PALSAR

backscattering data and fores above ground
biomass in dJapan”, Proc. IEEE International
Geocsci. Remote Sensing Symposium (IGARSS),
3518 (2011)

6) J.B. Abshire, X. Sun, H. Riris, J.M. Sirota, J. F.
McGarry, S. Palm, “Geoscience Laser Altimeter
System (GLAS) on the ICESat Mission: On-orbit
measurement performance”, Geophys. Res. Lett.
32, L210S02, (2005).

7) M.Lefsky, D. Harding, M.Keller, W.Cohen,
C.Carabajal, F.Del Bom Espirito-Santo, M.Hunter,
R.de Oliveira Jr. P. de Camargo,”’Estimates of
forest canopy height and aboveground biomass
using ICESat”, Geophys. Res. Lett., 32 (2005).

8) M.Lefsky; “A global forest canopy height map from
the Moderate Resolution Imaging Sectro-
radiometer and the Geoscience Laser Altimeter
System”, Gephys. Rets. Lett., 37, L073622, (2010).

9) S.S.Saatchi, N.L.Harris, S.Brown, M.Lefsky,
E.T.A.Mitchard, W.Salas, B.R.Zutta, W.Buermann,
S.L.Lewis, S.Hagen, S.Petrova, L.White, M.
Silman, and A.Morel, “Benchmark map of forest
carbon stocks in tropical regions across three
continents”, Proc. Natl. Acad. Sci. USA, 108,

(2011).
10) N.L.Harris, S.Brown, S.C.Hagen, S.S.Saatchi,
S.Petrova, WSalas, M.C.Hansen, P.V.Potapov,

A.Lotsch; “Baseline Map of Carbon Emissions from
Deforestation in Tropical Regions, Science, 336,
1573, (2012).

11) F.G. Hall, K. Bergen, J.B. Blair, R. Dubayah, R.
Houghton, G. Hurtt, J. Kellndorfer, M. Lefsky, dJ.

Ranson, S. Saatchi, H.H. Shugart, and D.
Wickland; “Characterizing 3D vegetation structure
from space: Mission requirements’, NASA

publications, 60, (2001).



