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*Okamoto Hajime1, Toshiyoshi Kimura?, Daisuke Sakaizawa?, Shoken Ishii’

1. AUMKREE, 2. FHMZEMERFEEE. 3. FREEMREE
1. Kyushu University, 2. Japan Aerospace Exploration Agency, 3. National Institute of Information and
Communications Technology

We propose global wind measurement system by using Doppler Wind Lidar (DWL)

and FTS on Geostationary satellites. Wind as atmospheric circulation is the most important element in
climate and weather studies. Air- and ship-traffic are also using wind information as most prioritized one
to ensure their safe operation. Current systems cannot measure global distribution of winds. Recent
progress of DWL technology made precise wind measurement possible in three-dimensional manner,
limited to narrow swarth over its orbit. A DWL-satellite was already launched by European Space Agency,
and NASA is also planning to launch. In Japan, NICT and JAXA are studying DWL. Also, recent
geostationary weather satellite made possible to distinguish wind distribution by altitude using water
vapor band imagery. Measurement error is still large. The basic concept is to combine DWL and FTS on
Geostationary satellites to complement each other. To cover the globe using geostationary orbit, we need
about four satellites at each region. Using current weather satellite network is the most demanded
approach. NASA, ESA and JAXA/NICT can make a strong network to maintain data from spaceborne DWLs
to calibrate the results of retrieved wind from imaging FTS on Geostationary satellite. The requirement of
spacial resolution for the system is Tkm horizontal resolution, 300m height distribution, <1m/s windspeed
accuracy and wind vector.

F—U—R: B BLEE SM4%

Keywords: wind, Geostationary Satellite, lidar
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HIRKIBISEE (MESELALEET 5 2HRORABRE NP LERETE) O
BifR - fEBRICEA 9 53X v a Yy

Mission regarding monitoring and elucidation of global environmental
change (global radiation forcing and ecological change that affect
global warming)

K% =R SAERE B Ea RS
*Yoshiaki HONDA', Teruo AOKI?, Takashi NAKAJIMA®, Mitsuhiro TORATANI*
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AEROEMIIRE - #ENAREEMNE=9 Y V7L 2MKIBIELTE (MIKERILELEAT 22KOME
BEHEIACERREE) DOBER - MATHS. HFE CEREA~BRN) 1 A= v ORMISFROF R EL
VHIZRRL D 2EBNLERMTHY, HANEBMERDOLOHICHRET 2LENHS.

SGLIMRELE R BINFEA A=V v IBIEVERICE STERETZZEICEY, HEKGREBILICHE>TEDLSZS
BRTLADEHIDOWTEHFATEHFHLTVWARAVWELLEEDERTES. £, FRHIAhTVLWERIEELE
DOETIRR A ERICIBIETZ 2 2 &Ik Y, BEAMFIBEROMMROTEN, FMRICAIGZBERERDOREE £
DBMHRBHEBEETo>TWK ZENTES., BEDEYYE LTHBDBREREAF O & T, S[IELE
ORRIBIBICHT L CHAMBOHIMMBA A T2 & HIC, HAREDBERE L THRICKEIT I ENT
T, JUREEICH T 2EBENLEBERAFEOIENTE S.

F—7— R HIKRIELH
Keywords: Global environmental change
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CO, RIS S HE A G E DiER
Proposal of satellite for observing large point sources of carbon
dioxide

Rl g Kok B BT B HE =L B

*Hirofumi Ohyama1, Tsuneo Matsunaga1, Isamu Morino', Yukio Yoshida', Makoto Saito'

1. National Institute for Environmental Studies
1. National Institute for Environmental Studies

We propose an earth-observing satellite that aims to quantify amounts of atmospheric carbon dioxide
(CO,) emitted from large point sources (LPSs) such as thermal power plants and steel plants, which
account for approximately 40% of energy-related CO, emissions in the world. In the Global Stocktake
Process under the Paris Agreement, each country is required to report sources and sinks of greenhouse
gases (inventory) with sufficient accuracy. However, there are large uncertainties in the CO, and methane
(CH,) emissions from the LPSs, especially for the developing countries. Space-borne observation could be
useful for quantifying and verifying the emissions from the LPSs, given that it provides column abundances
in and out a plume with high spatial resolution. With regard to the LPS observation of CH,, several
satellites with a footprint size of less than 1 km? are developed recently: GHGSat series (2016 and 2019,
GHGSat Inc. in Canada), COOL (2020, Bluefield Technologies Inc. in the U.S.), and MethaneSAT (2021,
Environmental Defense Fund in the U.S.). That kind of CO, satellite is, however, not planed. Our proposed
satellite has an ability of measuring back-scattered solar spectra in the near-infrared region with a
footprint size of less than 1 km x 1 km (if feasible, hundreds of meters by hundreds of meters) using an
imaging grating spectrometer. Additionally, to increase the signal to noise ratio of the spectrum, the
satellite is dedicated to a target observation mode that observe an area of "50 km x "50 km including the
LPSs more than 2 min continuously by using a pointing mechanism as adopted for the Greenhouse gases
Observing SATellite (GOSAT) series.

F—7— K : Satellite. Carbon Dioxide, Large Point Source
Keywords: Satellite, Carbon Dioxide, Large Point Source
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Bk DEEEREOMT RIRIEXTTRAIR D BHAMREE & KRUBRERLIEDHD
SLCPA X =T > 7o SE -

Earth's health diagnosis - Imaging spectrometer of SLCP for early
verification of global warming countermeasure effect, and
understanding of status of air pollution -

EH BT 28 805 A% LR AStREE ASBEHERTESS’
*YASUKO KASAI1, Yugo Kanayaz, Hiroshi Tanimoto®, JSAC Satellite team®

1. IRHREEMAME. 2 BEMAREME. 3. BEYREMRMN. 4 AobFER ASREFERSEZERSR
1. NICT, 2. JAMSTEC, 3. NIES, 4. JSAC

ABEFEBICL VRSN 2 EEMTIEFTLEME (SLCP (X) ) DA YRV NYBEATHOHEIV A TEA
FTETH 2. SLCPIZFAKBREUREZBONAICEHICEARLTEY, TnoZBEIWRNLAEZE
<. SLCPIZCO, & L& LHIBIRIEHRICE SN D=8, HMEKERBIERKOHAFEE LT, BEROE
I?”XE’JHX%EJM\ZM 2FE L YBHRI N7z (CCAC). FF, KRKRBFLRICERT2RTERIIHATI7TORARETH
Y(WHOL R— K2012), ZNIERBEHFEEBDON I[ICHEE T 3. HICHEI’EORIILTEEXRIZFOECDET
Bl RIVICHYBREISELUTHD. £, BEEONORELEETERL,

SLCPIZHEHIREA BRI TH Y, REBEDLZDHICITEEOMEEETkM Y 5 ADEANBETH S 1. MR
BIDLEHINETHEEL TV, KIRESLCPA X =Y Y JOR%EHUV/VIS/SWIR) IFEFERF 2 ICIEE, it
ATHDOTOEKESREE (B2 : KESMFRE1~2km) 2#FIRTB.I5ICEBMA TS a vieEE LT
MIR+MWAREAIS Fo—Ic &k W, i EHASLCPYIE (FICREHSICHEDH DA XYV M) HmHER
92, TEAIMEHISEA VY IHRORIBRLHEERRUDO BHEM) & L TCOBEELEAL, ABOEFEIC
&Y, HAFEEZRALZIVATL—a v AEICRS. chickY, HRPOFEET—9%2HEL, &=
KEORNZMHMEEB/T, TETVRICE DK ERERTEDTHS. (X) I TIECHE, mBAYV Y, 7
vy h—1Rv, PM2.5%E DIFH, RIBMEL L TONO,ZEE.

F—T— R KQFR HE. BRRFRA -V TH¥E

Keywords: Air pollution, Satellute, Imaging spectrometer
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HERSEE S 1M1 ¥ —(MOLI)
Spaceborne Vegetation lidar (MOLI)

SRHF MG THRE. BE TS THBAS 1% 20 BR B B2 S#°. Ak u-—°

. EEEERS. Wk EH. BRE BN BAEX mEER. kS HTE A EBRL AN BE
O SHIEY HEEC HEEARC EEMEC =B KB

*Kazuhiro Asai1, Yasumasa Hirata?, Gen Takao?, Haruhisa Shimoda®, Yoshiaki HONDA*, Koji
Kajiwara4, Yoshio Awaya5, Junichi Susaki®, Takahiro Endo®, Tsuneo Matsunaga7, Yoshito Sawada’
, Nobuo Sugimoto7, Tomoaki Nishizawa’, Kohei Mizutani®, Shoken Ishii®, Toshiyoshi Kimura'®,
Tadashi Imai'®, Masato Hayashim, Daisuke Sakaizawa'®, Jyunpei Murooka'®, Rei Mituhashi'®
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1. Tohoku Institute of Technology, 2. Forestry and Forest Products Research Institute, 3. Tokai University, 4. Chiba
University, 5. Gifu University, 6. The Remote Sensing Technology Center of Japan, 7. National Institute for
Environmental Research, 8. National Institute of Information and Communications Technology, 9. Kyoto University,
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TAT—ITEEBIC/NNILR - L—HFERAWELREL - ORI THZD, BEEH M5 —IFHELMOH
REICHAIT TR LN/ NIV ZDOREEREI SBELMBSFHACLHEMROMER S & U= RcHMEESHAN
AREE 2%, AXIE. REBECPSELEHA NI LICE > TEELREEE LM ERHZMANI AT (UL
T. AGB: Above Ground Biomass& #197) ZHIkRETHRET 2 I L Z2BME LEBAYMORBERHBES
4 4 — (MOLI: Multi-footprint Observation Lidar and Imager, LA FMOLIEFFS) I v > a VDIRETH
o

ISS-JEMEBE#HMOLIZT v & a VOBEMIZZ M1 ¥ —DFEHEELEE LT, L—YSEFTOBENREEZ+DICREL
T. BULWHEE CAGBIMICHERMES/ SR THMBEBREMS TE2EETM Y —DEILEBigT & #
IZ. MOLIT—%# %L-band SAR (ALOS-2/PALSAR-2%5) & —4 ®°GCOM-C/SGLIZR ED /Ny S THHTF—4 &
ME LT, BRTREEMILZ25FRELBTHE TOAGBELEEE A RENICED. RIBMICEERDOAGBHE
EOEBEADEZDOT7IVITYY XLRKEEBIEL., NROEAFBFE~NDEHERBZZLICH D,

ZZTCIRETDIMOLIZ A ¥ —id, thREEMICERT 2MESEHITOREBERZBNIC. ERAES L
VAHMAZECRECEDHMEEAELTVWS, /NILR - L—HYDOHRDKIZ, ZHESIhABICHREIC—ND
7y hNFYVRELTREIND, hETOETY M TY Y MRIE25m, 7 v M7 U Y MERIEH50m ¢
@along-track. #143m@cross-track& 7%, ERAES LUAMAIR. L—HPay ME, LI
along-track AFAICEHRMICHIR T 228D 7y N ) Y bEomhh S, BELAEZ3 7y M T Y MIXT 28
B EREOFERBOEL YRS OND, EEHAIF20mI//SILR/ Ty N TY Vb, #YRL150Hz, /%
IV AIE7nsec, ZERLEROORIF0.45m o, MBI TRITSI-APD, A/DEHII TR
500MHz, 12bit-Digitizer, FIREEHOBMBIREA A —Y v id, R/G/NIR/XY K, swathiE§1000 m, i R
ESmTHERINTHEY., MBOYA X, 8. BLUVESET—YICET2BEREEZNET 5, MEmDEHE
FEEE, IREAENA<S0E T<+3m (<15mDFHFM) 52 WE<£25% (>15mDFHFM) . AGBEAIREE
l&. <+20t/ha (<100t/hadZHE#k) . <t25% (>100t/hadDFHFM) 2 FNTNEEE T 5, HMAEIIHHE
B (BRIER) ICE>TARELREETH 2D, BEMFETIIRLZOREICH DT, B4OREICEN
£, MOLIOZEIRIC & YAGBRMAEEE - AEERA1/2 (02 =0.50BE. 02 : AT, SMOLIEEE
ADERDRERB)~1/5(0%=0.8), HK1/10 (0= 0.9)& BIHICHIRD MDD B, HEfE L —HIL/<
JWARBDT, HBRDZ &N SAGBERITalong-trackiTiA > 7=BEERBIAR2FID 7w M 7Y v KB & 4
%5, MOLIOFERE LT, VIV ITDEDICKIFEICKELSFEINS,

—7. L-band SAR (ALOS-2/PALSAR-2%) I £ KIZEVRI N AT EEZR /=D ) 7IL 9 14 LTOEAL DB ICENT
Wa A, &EXITEE, RIOBRAICL 2T —YDEADREFENRESINTLUR., LEHTOZHETEES
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EMNYSARIZRWICERZFES N TWS, @, L-band SAREEBELRBERMT b, BTV VRE., 7
7)) A0y I, RE7 Y 7HIBTOREMN S DZERAHRIELIESIE150t/h L EDOAGBTREMLTL X
D, TDM, ENORHELAKRBMTIIEZI AWV, RUIBRUETIIRATRISICK 28RBEENSEL, B
MY/ O—J7TRAKEICES 2EREDZHIC/ANA AT ABEEBI I BRICEMEINE L EDREAERLH
%, L7=A>T. MOLIESARD BT 284 DREMEABMICFIALTENTNARBRTI S EICLY. BBE
REAEHME TIZAGBHABEAEH SN D,

T 5ICMOLINREIRIL, ALOS-2/PALSAR-2%FIF L - HZ MR DRIER > R T ATH BI-FASTICE ST
HEEBICENERIEFTE S, ZOKBEREY AT LARBWRELVERBOHASENEZETWNTH Y., AGBE
BlOMEEIEE L TWARWL, MOLIT—4% L DREIE. KIREFORZEREES R BICERTREE LD THS
Do

F—O—R:F445— BER. FMHBE HFMANAFIR, LNV RSAR, 1 A= v
Keywords: Lidar, Canopy height, Forest structure, Forest biomass, L-band SAR, Imager
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Estimation of forest resources by a dual-wavelength imaging LiDAR
system

IR B EAHAL MEE EEk S, 218 B, Wk Em
*Ryuichi Hirata', Yoshito Sawada', Masato Hayashiz, Hideki Saito®, Tomoaki Takahashi®, Tsuneo
Matsunaga1

1. BiIRIBEARAT. 2. FEMEMARAREEE. 3. SWEEHRAN
1. National Institute for Environmental Studies, 2. Japan Aerospace eXploration Agency, 3. Forestry and Forest
Products Research Institute

We propose a mission of a dual-wavelength imaging LiDAR system, which measure global forest resources
such as canopy heights and forest biomass with high accuracy. The purpose of the mission is to clarify
global carbon cycle, countermeasure climate change, and to protect biodiversity. They are useful to
evaluate forest resources for REDD+ and MRV.

This system includes two new technologies. One is imaging LiDAR with modulating Laser light to measure
spatial distribution of forest resource in a footprint. Another is dual-wavelength to detect ground surface
with high accuracy. Measuring spatial distribution of forest in a footprint by modulating Laser Light gives
us information about canopy height and biomass with high accuracy compared with the former sensor
such as ICESat/GLAS. A dual-wavelength is able to detect forest surface and ground surface more
correctly than the former sensor. This system can increase measurement accuracy for canopy height on a
slope, which is difficult situation for evaluating canopy height by the former systems because the system is
able to measure a shape of ground surface in the area of Laser irradiation. One of the objective of this
mission is to evaluate canopy height with T m accuracy; the accuracy of canopy heitht of ICESat/GLAS
was 5 m and that of MOLI will be 3 m.
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BEIMEE DSIF - PRIEZ=4 ) V7 DHDEER - RO REEEHNEE
DFRF

Development of new satellite to monitor SIF and PRI of terrestrial
vegetation with high spatial and wavelength resolutions

BFH S A RS EIR =51, M A AR B0, nEE &E°. A wm’
*Hibiki M Noda', Kenji Omasa?, Kouki Hikosaka®, Kazuhito Ichii*, Hideki Kobayashi5, Tomomichi
Kato®, Hiroyuki Muraoka’
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EHERROBEYONERE (—REEE) OREBEHOFEMI DLEBHNAIBIEIL, SEEZEBTOKRK
—HREBREDOZEKE (CO,) RMEDER, TOMRICLZEBIENKS LCBISEKDOERE, I5ICE
NOKROFIMICARIRTH 5, MIKEVAFEEIZEIBOERROEE B ZBET 2OV —ILTH
Y, TNhET, @MEBAICLYELONDEREEEIEE (NDVI)) FDBEHRNO—REEHREIAAONTE
zo LDOL, TNOHDIEBISENDOREEERTDATHY, [RICHELTHAZILT 2HEREEDELE
REEE T, KREAFEEEEFE >TWE, —FA, BF, BERIBEFEELVY—DOFEIFICLY, XEHBRE
DHRDLTHZHEEZRHDSREE SN ZWEAN, Wb BXBEERE OO 7 1 LEY (Solar-induced
chlorophyll fluorescence, SIF) QOERIAFIEEICA o7z, SIFIXERDEEIRE L W E BEEMICHKERIEEZ R
MIZEINTWVWD, i, KXERBROKEZERTIE, FHY R ITALYA VLDREBIRILE—5E#LE
LTHHBET2E&ENEZRET, FH 2 b7 1LY A 7)ILDIKREIZPhotochemical Reflectance Index (PRI) & [
ENBHFEBICI VEBSZMNERICEODVWCITMT 22 A TE S, BELANILVTORFOHETIE, HE
REEEHET Z2ETIVICEWT, SIFEPRIOREEAET —4% OBEMMEAGAT N TLS (Hikosaka and
Noda 2019) , HEBAR T —ILICBEVWTH, KRERODEBEMA NI LICE DWW E—REEEHEET IV
DODHEEIVEEINDG, LML, BREICKZINS 2BEZORBEAIFITONTE ST, ESA (BRIMNFEHE
BE) M2022FICHTB EIFAFTELTWAFLEXS v a VY TEEILTWADATH B, 512, RITFETOD
BAINL, WITNEHEEUAOERAAEENE LAYy Y —ICL 2BIRMAERICBERV, ZTD7RH, EHEAER
BEMNEEICHL, MEHAY A N TOMIRENFEICLIZ 77y 7 RBREOBICKERRT—)L
FrvThHY, FEBASIFELUPRICK Z2HAREEOHEDKERELL>TWD,

KRIERTIE, BEEELEDSIFELUPRI, S5ICNDVIZIZLH ETEREEDEERBICOVWT, RAF - B—18
BT, »Oafl0AVWEEBOEETOERAEZ T3 FHAAMREANFEEOHREEZIRET 3, COFRFETHE
bhaT7T—9 M EBRATSY IRT—9FE@MEL, ARER—REEEOHEETILOBEREITV, 2K
DRESHEEICINET %,

F-—TO—R:EEVE-MEYYVT KBERE/ODT 1 VEE ¥ M7
Keywords: vegetation remote sensing, solar-induced chlorophyll fluorescence, xanthophyll cycle
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Satellite Observation of the Whole Atmosphere - Superconducting
Submillimeter-Wave Limb-Emission Sounder (SMILES-2)
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1. Kyoto University, 2. National Institute of Information and Communications Technology, 3. Japan Aerospace
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Polar Research

The Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) launched by an H-IIB rocket
with the H-Il Transfer Vehicle (HTV) in September 2009 and attached to the Japanese Experiment Module
(JEM) on the International Space Station (ISS) demonstrated high-sensitivity submillimeter limb-emission
sounding of atmospheric observations. Though the observation period is limited to about 6 months
(October 12, 2009- April 21, 2010) owing to the failure of a critical component, outstanding results have
been achieved such as an identification of diurnal cycle of the stratospheric ozone, which had not been
examined yet because of poor data quality in the previous satellite measurements. In addition by
comparing SMILES data with existing observation data and results from the chemistry climate models, it
has been recognized that we need a reference data for temperature, wind, and minor species with high
precision to constrain the models. After the launch there has been discussions about the possibility to
derive wind information from the Doppler shift of observed lines, and the necessity to have temperature
information from adequate line selection. Thus we now recognize the potential of high-sensitivity
observations about temperature and wind fields up to 150 km.

Based on the SMILES heritage, we propose a satellite mission to observe temperature and wind fields, and
distributions of atmospheric minor species for the full diurnal cycle from the middle atmosphere
(stratosphere and mesosphere) to the upper atmosphere (thermosphere and ionosphere) for a period of
five years. SMILES-2 observations will enable us to obtain global information with unprecedented
accuracy on the whole atmosphere including upper mesosphere and lower thermosphere where
observation data have been lacking.

This mission has four science objectives:

(MO.1) To investigate the 4-D space-time structure of the diurnal variations (atmospheric tides) in view of
dynamics, chemistry, and electromagnetic processes

(MO.2) To unveil the vertical propagation of synoptic-to-planetary scale disturbances from the middle
atmosphere (non-migrating tides and stratospheric sudden warming events) to the upper atmosphere
(MO.3) To understand atmospheric variations due to energy inputs from the magnetosphere (particle
precipitation and magnetic storm)

(MO.4) To provide benchmarks for whole atmosphere models and climate models with detailed
description of the background thermal structure and distribution of minor species

Using observation data from the middle atmosphere to the upper atmosphere as a whole, we will be able
to grasp the 4-D dynamical structure of diurnal variations (atmospheric tides) which are one of the most
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essential variabilities in the earth’ s atmosphere. For understanding climate change in view of chemical
processes affecting the ozone layer, we will be able to utilize high-sensitivity measurements of the
atmospheric minor species in a quantitative manner. In the upper atmosphere, a transition layer between
the atmosphere and the outer space, we will be able to clarify a role of energy inputs from the
magnetosphere from the temperature and wind observations. These outcomes including the atmospheric
trace gas data will greatly contribute to improvement in reliability of chemistry climate models for future
projection and accuracy of prediction models for space weather.

F—U—F:HEARR. BBAR. BEHA VR R
Keywords: middle atmosphere, upper atmosphere, satellite observations, temperature, wind
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Simulation studies for Superconducting Submillimeter-Wave
Limb-Emission Sounder-2 (SMILES-2)

*Philippe Baron', Satoshi Ochiai', Donal Murtagh®, Hideo Sagawa?, Akinori Saito®, Masato
Shiotani®, Makoto Suzuki*

1. National Institute of Information and Communications Technology, 2. Kyoto Sangyo University, 3. Kyoto University,
4. Japan Aerospace Exploration Agency, 5. Chalmers University of Technology, Sweden

SMILES-2 is a mission prepared for the next call-for-proposals for JAXA/ISAS M-class scientific satellite
mission. It aims at scanning the atmospheric limb from 20 to 160 km above the surface at frequencies
near 700 GHz and 2 THz. It could provide the temperature and composition as well as, for the first time,
the horizontal wind vector above 30 km, the atomic oxygen in its ground state above 90 km, and the
atmospheric density and the geomagnetic field vector near the mesopause. The measurement
performances have been assessed from numerical simulations. We will present the results obtained for the
3 radiometers.

Keywords: middle and upper atmosphere, wind, geomagnetic field, atomic oxygen
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BEEY 73 )R LR YD Y 4 SMILES-2DE 2 H R ET
Feasibility of Superconducting Submillimeter-Wave Limb-Emission
Sounder (SMILES-2) on an M-class satellite
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BEEY 73R LAREY D VY SMILES-21%. XIBIERBOBEBEFEEICESH L. 73 VEDY) LA
THEHIOHBEBASDEE, B. ASHL228ENICENTZIvYa vy ThHhd, BE. JAXAFERZHRE
FROABERUNUEE IC KIS L 2B E2E5tE & L TIREL TW3S, SMILES-2ARBThiE, SEDMEEE2.5 kmb
55 kmi2E T, WRBRED S FTHRAB(EE150 kmiZE X T)DEELH. LEKEE (30 kmiZEHL )N 5
THABOKERDHE. S5, REBELNSHEBICEET 2KES. 4V Y., ZOMOMERDDLH. T
MBEOMREFONMAE., BH. RKIEWVBRIETERATZ2IENATE S, 6. XIEFERBOFEEHNE
IC&W, 1558056357 AT24BEL2O0OA—AILY A LDKRSEZHYTE, HAZHRD 2INET I ENT
z5,

KRN A=Y DERALEHIRZ DI EHNSMILES-20E 2 EHEERBEETHY . ZNICKRELEHEH
B, BARE. SAREETEELART L, TOBR. BRIEXRERBISMILES-2T v > 3 V%, 638
GHz®, 763 GHzm &, 2 THZR DRBIEEZEM A TS, HLBEES50 km, HEERNACCEDHEICHEE L
KK LDERATEZARDOEDEEZIT WS, Y LABEIE. BBISH> THELZ690 kmB ZICKGE IE¥
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