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JAXA EarthCARE Research Announcement

Proposal Cover Sheet
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Proposal No.

(Leave Blank for JAXA Use)

Title

Products

Class CPR

ATLID

MSI BBR

CPR/
ATLID

ATLID/
MSI

CPR/ATLID
/MSI

4-sensor-
synergy

intended for

. . Standard
validation

Product O

O

O

(check all
that apply)

Research
Product Ul

O

O

Principal Investigator

Name

Job Title

Department

Institution

Address

Country

E-mail

Telephone

Facsimile

Co-Investigator

Name

Institution

Telephone

E-mail

Budget (yen in thousands)

JFY2013

JFY2014

TOTAL

Authorizing Official:

(Leave Blank for JAXA Use)

(Name and Title)
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Research Schedule

JFY 2013 2014

Month 4-6 7-9 10-12 85 4-6 7-9 10-12 1-3

Milestone

Activities
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Application for Research Funding, the Current State of Funding and Effor
(1) Research Funding Applied for

Funding Budget i i
System Research Title Role | (nroughout | Effort leéerencesfln RA%sggl_’ch a}nd
e.g., JAXA, (P1 name) SOFL | theperod | (%) oo Bor itiona .
3JSPS etc. o yeny Application for This Researc

(About this research)
EarthCARE 1st
RA(Validation)
(JFY2013-2014)

(2) Research Funding to Be Provided

(3) Other activities

Total 100
(Total of the effort in (1), (2) and (3) above) (%)
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BUDGET SUMMARY

1. Personnel Expenses (unit: yen in thousands)
2013 2014 Total

2. Purchases

2.1 Computers / Peripheral Equipment (unit: yen in thousands)
ITEM 2013 2014 Total

2.2 Software (unit: yen in thousands)
ITEM 2013 2014 Total

2.3 Expendable Materials and Supplies (unit: yen in thousands)
ITEM 2013 2014 Total

3. Subcontracts (unit: yen in thousands)
ITEM 2013 2014 Total




EAMSH FHEMS

4. Travel Expenses (unit: yen in thousands)
Departure Point — Destination 2013 2014 Total
5. Observation Equipment (unit: yen in thousands)
ITEM 2013 2014 Total
6. Satellite Data (unit: yen in thousands)
Name of Cost
Satellite / | Distributor Purpose
Sensors 2013 2014 Total
7. Other Data (unit: yen in thousands)
NETIS O Distributor Purpose Cost
Data Sets P 2013 2014 Total
8. Others (unit: yen in thousands)
ITEM 2013 2014 Total

| TOTAL (unit: yen in thousands) | |

* Remarks “Overhead Cost” (g.v. 3.4(1)C) of this RA)
Please check either of the following boxes:

0 Unnecessary
O Deductible with special procedures (e.g. submission of certain application form from JAXA)

O Indispensable (Reason(s): )



1.

2.

BUDGET SUMMARY (EXAMPLE)

EAMSH FHEMS

Personnel Expenses (unit: yen in thousands)
2013 2014 Total
Part-time job for DSD data analysis 320 160 480
(40x8) (20x8)
Purchases
2.1 Computers / Peripheral Equipment (unit: yen in thousands)
ITEM 2013 2014 Total
2.2 Software (unit: yen in thousands)
ITEM 2013 2014 Total
2.3 Expendable Materials and Supplies (unit: yen in thousands)
ITEM 2013 2014 Total
8mm tape (112m) 50 50 100
CD-R 100 120 220
MO (640MB) 15 10 25
A4 Paper (package of 500 sheets) 2 1 3
CD-RW Drive 50 50
Subcontracts (unit: yen in thousands)
ITEM 2013 2014 Total
Software development for DSD data 1,500 600 2,100

analysis




4. Travel Expenses

6.

7.

EAMSH FHEMS

(unit: yen in thousands )

Departure Point — Destination 2013 2014 Total
Tokyo - Washington, D.C. 650 650
Tokyo - Paris 700 700 1,400
Tokyo - Paris 700 700
Tokyo - Osaka 52 52
Observation Equipment (unit: yen in thousands)
ITEM 2013 2014 Total
Micro Rain Radar 1,500 1,500
Satellite Data (unit: yen in thousands)
Name of Cost
Satellite / | Distributor Purpose
Sensars 2013 2014 Total
Other Data (unit: yen in thousands)
Name of . Cost
Data Sets | DiStributor | Purpose 2013 2014 Total
Others (unit: yen in thousands)
ITEM 2013 2014 Total
| TOTAL (unit: yen in thousands) | 4,887 2,393 | 7,280




JAXA DATA REQUIREMENTS

1. JAXA-Archived Satellite Data Sets

(ADEOS, JERS-1, ERS, MOS, TRMM, Aqua, ADEOS-II, ALOS, GOSAT)

EAMSH FHEMS

Name of Satellite / Sensor

Quantity (scenes)

Purpose
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Provide a budget summary by cost element (Personnel Expenses, Computers/Peripheral
Equipment, Software, Expendable Materials and Supplies, Subcontracts, Travel Expenses,
Observation Equipment, Satellite Data, Other Data, and Others), sorted by Japanese fiscal year
as in the example attached to this form. An annual summary budget should also appear on the
last line.

B.1 Instructions for Budget Summary

(1) Personnel Expenses
Enter expenses for part-time workers here as the total cost calculated by multiplying the unit
cost per day by the number of days. For part-time workers, use your own cost estimates.
(2) Computers/Peripheral Equipment/Software
Enter the lease and rental cost of computers and/or peripheral equipment. Note that JAXA
has the right to change specifications of all equipment. Also enter the cost of software here.
(3) Expendable Materials and Supplies
Enter the quantity of each item, following the example.
(4) Subcontracts
Provide the cost of subcontracts to outside companies or organizations here.
(5) Travel Expenses
Describe proposed domestic and/or international travel including information on destination
and number of days/number of times (or travelers).
(6) Observation Equipment
Enter costs of observation equipment including installation cost.
(7) Satellite Data
Investigators requesting satellite data other than JAXA-owned or archived data (listed in the
next section) should provide cost information here.
(8) Other Data
Enter costs for data other than satellite data.
(9) Others
Enter costs for publication and others here.

B.2 Instructions for Data Requirements

JAXA owns satellite data as listed below. JAXA will provide requested data judged necessary
for the proposed research, subject to availability of data processing.

- Marine Observation Satellite (MOS) (only around Japan)

- European Remote-sensing Satellite (ERS)-1, 2 (only around Japan; for Japanese
researchers only; available until JFY2002)

- Japanese Earth Resources Satellite (JERS)-1 (global)

- Tropical Rainfall Measuring Mission (TRMM)

- Advanced Earth Observing Satellite (ADEOS)

- Advanced Microwave Scanning Radiometer for EOS (AMSR-E) aboard EOS-Aqua
Satellite

- Advanced Earth Observing Satellite-11 (ADEOS-I11)

- Advanced Land Observing Satellite (ALOS) (10 scenes from JAXA archives)

- Greenhouse gases Observing SATellite (GOSAT)

Data availability can be checked on JAXA’s Earth Observation Satellite Data Distribution
Service (linked from EORC website, http://www.eorc.jaxa.jp/en/about/distribution/index.html).
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1. Introduction

1.1 Cloud and Climate Change

Since the last report of IPCC (Third Report), the level of scientific understandings regarding the effect of
aerosols and clouds, show a good progress. From the most recent report (Fourth Assessment Report; FAR),
carbon dioxide is said to be the largest factor to the influence of the global warming. However, the effect of
carbon dioxide to the global warming is considered to have been evaluated with a good accuracy. On the
other hand, the radiative forcing of clouds and aerosols still remains as the dominant uncertainty in the
prediction of the climate change in the future. It is reported that -0.5 W/m? for aerosol direct effect and -0.7
W/m? for cloud albedo effect, -1.2 W/m? as total aerosol, are counted for radiative forcing relating with
aerosol/cloud. The figure is large enough comparing with the total anthropogenic radiative forcing; +1.6 W/m?.
We have to make a special attention to the fact that the uncertainty of the cloud albedo effect, i.e. interactions
between aerosol and cloud, is very large; 2 W/m®. This leads, without the correct understanding of the
interaction between aerosol and cloud, climate change to remain uncertainties to predict future status with
sufficient accuracy.

Furthermore, FAR suggests that the cloud life cycle process should be examined not just for cloud forming
but also for the precipitation process or cloud termination process, which will affect global radiation budget
through latent heat release and changing the radiative characteristics of the ground surface by such as snowing
(IPCC, 2007).

1.2 EarthCARE mission and instruments

Japanese Aerospace Exploration Agency (JAXA), National Institute of Information and Communications
Technology (NICT) and European Space Agency (ESA) are going to materialize a project named “Earth Cloud,
Aerosol and Radiation Mission; EarthCARE”. EarthCARE is a challenging mission toward to solve the issues
noted in the previous section. The observation scope of the EarthCARE is to observe globally such processes;
the aerosol distribution, cloud forming with aerosol interaction and beginning of precipitation. To materialize
such observation, four instruments were chosen, with their respective needs, to load on EarthCARE; LIDAR
(light detection and ranging) and Doppler Radar for the aerosol/cloud profile observation, multi spectral
imager (MSI) for aerosol/cloud lateral distribution observation and broadband radiometer (BBR) for Earth
radiative flux observation. The observations by these instruments guarantee their synchronism and their
uniformity in the observation region. In other word, more accurate synergy observations are preserved, by
minimizing the differences in the condition of the observations between the instruments, resulted from such as
the differences in the timing of the observation. The relationship between target geophysical parameters and
instruments is shown in figure 1. The final goal of the mission is to reconstruct aerosol cloud structure with
their physical characteristics with the accuracy of 10 W/m2 as radiative flux at top of atmosphere (ESA,2004,
Gelsthorpe et.al., 2008).
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EarthCARE

Needs Techniques instruments
Vertical profiles of extinction Hiah s tral
and characteristics of aerosols # g pecua #

resolution Lidar ATLID

Vertical profiles of liquid,
supercooled and ice water,
cloud overlap, particle size and Radar
extinction CPR
Convective updraft
and ice fall speed Doppler Radar
Horizontal structure of clouds M uItispectraI
and aerosols Imager MSI
Shortwave and longwave fluxes Broadband
at Top of Atmosphere Radiometer BBR

Figure 1 Relationship between target geophysical parameters and instruments

The outlook of EarthCARE satellite and CPR are shown in figure 2. A sun synchronous orbit was chosen as
the observational orbit to cover all region of the Earth. Local time at equator of the orbit is 13:45 to 14:00 with
consideration of cloud processes being active in the afternoon.

To get the accurate aerosol/cloud observation data, several unique points are implemented for
instrumentation. The LIDAR is an Ultra Violet range single wavelength High Spectral Resolution LIDAR. The
wavelength, 355 nm, has well sensitivity for the small aerosol particles that are missed by Radar, and make
high transmit power possible for its eye safe character. It is possible for the LIDAR signals to be strongly
attenuated when they meet dense regions composed by large particles such as clouds. High spectral
resolution enables to receive Mie and Rayleigh scattering signals independently. In this way, the optical
properties of aerosols can be retrieved directly, without an assumption of liar ratio. Through its polarization
measurement, the depolarization ratio can be calculated to estimate the nonsphericity of the observed particle.
Doppler W-band Radar penetrates thick cloud layers. Doppler measurement function distinguishes cumulus /
convective cloud types and its particle status inside of cloud layer. Using Doppler value, we precisely know
kinds of cloud particles. The detailed description of the Doppler Radar is noted in Section 2.1. The MSI
has 7 channels with their central wavelengths to be 0.67, 0.865, 1.65, 2.21, 8.8, 10.8 and 12.0 um, respectively.
These channels will be used with split window method to get optical depth and effective radius of cloud and
aerosols. Thermal infrared channel can be used to retrieve the cloud top height. The ground resolution of
MSI is 500 m? and the swath width is 150 km. BBR design is a heritage of past Earth Radiation Mission, such
as ERBE or CERES. BBR has two channels; one for the observing shortwave (0.25 ~ 4um) and the other for
longwave (4 ~ 50um). Three angle radiometer will be used for flux determination considering its angular
distribution.  The effect of cloud forcing by the reflection of sunlight as well as by its emittence of longwave
radiation are expected to be evaluated from the BBR observation. General characteristics for all four
instruments are shown in Table 1.
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Quasi Optical
Feeder

Tx/Rx Subsystem Hold/Release Mechanism

Figure 2. Outlook of CPR and EarthCARE satellite

Table 1 General characteristic of instruments

Instrument Description

94 GHz Doppler Radar

CPR (see Table 2.)

355 nm Hyper Spectral Resolution Lidar with three channels

ATLID
(Mie co-polar, Rayleigh, Mie cross-polar)

Push broom imager
MSI Resolution 500m, swath 150 km
Seven channels (0.67, 0.865, 1.65, 2.21, 8.8, 10.8, 12.0 micron)

Three views radiometer
BBR Angle: Nadir, +- 55 deg
Two channels; 0.2-4, 4-50 micron
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The new space borne radar; Cloud Profiling Radar (CPR) is going to be developed in the cooperation
between JAXA and NICT. From CPR observational requirements, we identified following design
requirements. First point is the high sensitivity. This requirement is divided into large antenna size requirement,
low noise figure of receiver requirement and high power of transmitter requirement. Second point is the
Doppler capability. To materialize this function with satisfactory accuracy, large diameter of antenna with
precise surface figure and high pulse repetition frequency (PRF) are required. To keep accuracy especially at
boundary layer region, several other fine characteristics, such as side lobe characteristics of antenna, cross
polarization characteristics and so on, are also required for CPR design.

As the result of design, we chose pulse pair scheme for Doppler measurement. In addition, the diameter of
antenna was set as 2.5 m considering the limited diameter of launcher fairing. For transmitter, we employed
improved Extended Interaction Klystron (EIK), of which original model is already employed for CloudSAT
mission by NASA (Stephens et.al., 2002). The transmit power is 1.5 kW at end of three year mission. For PRF
design, CPR has variable control capability of PRF with satellite altitude information. This is for maximizing
frequency to keep good coherency between radar pulses, also good sensitivity by having much integration.
Outlook of CPR is shown in Figure 2 and major specification of CPR is shown in Table 2.

However, the PRF is a factor of trade off between observational heights. Considering the natural cloud
height distribution, the planned operation of CPR is to change observational height with latitude. As natural
cloud height distribution, for low latitude region, the cloud height is rather high; in contrast, the polar region
cloud height is rather low. The image of CPR operation is shown in Figure 3.

2. Doppler Cloud profiling RADAR

Table 2. General Specifications of CPR

Item Specification
Radar Type 94 GHz Doppler Radar
Center frequency 94.05 GHz
Pulse width 3.3 micro second (equivalent to 500m vertical resolution)
Beam width 0.095 deg
Polarization Circular
Transmit power > 1.5 KW (Klystron spec.)
Height range -0.5~20 km
Resolution 500 m _(100 m _sample);_VerticaI

500 m integration; Horizontal

Sensitivity* -35~+21dBzZ
Radiometric accuracy* <2.7dB
Doppler range* -10 ~ +10 m/s
Doppler accuracy* <1m/s
frté:;sency repetition \/3riable; 6100 ~ 7500 Hz
Pointing accuracy < 0.015 degree

; at 10 km integration and 387 km orbit height
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Satellite Track

Observation Height
20 km (L(?w Ia‘Fitude) AB
16 km (Mid latitude)

12 km (high latitude)

\,/]n Vertical Sampling: 100m

( D @Footprint: 800

Ground I$oriz. Integratigw 500m
Surface

Figure 3. CPR Operation Image

3. Operation Planning

EarthCARE is planned to be launched in JFY2015. The calibrated engineering parameters (Level 1 data)
and the retrieved physical parameters (Level 2 data) by all four sensors on EarthCARE will be stored and
distributed from both JAXA and ESA. Data are planned to be used by research institutes and agencies in
order to improve the accuracies of numerical weather/climate models. The data are also opened to
researchers (after appropriate procedures), and are used in the analysis of radiation/aerosol/cloud/precipitation
process.
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HHEOWATEHR%Z JAXA IZH LU, MABIRROM T2 EmICLVRET LI ENTE D, Z
DA IAXA T, WIAHIRZR T L CHEMO BIEMRIC KRN 2V EBH D & XX, Zhak
WTHZENTELLDET D,

2 RODHIATEH £ CTICEBLZIBIT Lo 72856 JAXA TR O U < 1T —88 % fEkRd
Dz &ﬁf%é%@&ﬁé

3 BIHEICE VBRI EZMERLT-GE, IAXAX, FULFELHOEDEZERN L, RHL RS5O
i A %%jm“%ﬂb@ka“é

4 F2IEIZL VB EMEER LUI5E . JAXA X, 3 31 5% 12X ROICENEETERT D
_&#T%é%@kTéo

(R DIERER)
H 315 JAXA KLOVRO IE, ROZEEDWTIMNIFENLT D & IR EMETHZ LN TED
LD LT B,

D-8



ENRSH FEEMES

(1) JAXA KLOXRO ODAEIC LD L x,

(2) FHEFDARZOBITIZE UAEIARY 2T E L, #5% 7 BUNIZRIESNZRVE X,
Q) HEFVBAIITER L, #E% 7 BUNIZEIESNRNE X
(4) BBEERFE4HITELET HHE

2 KRERDRERINTEHETH-TH, RO X, R E CICE i SN IR OV TR Z & 0
O, JIAXAIZRHT A b0 T 5,

3 LA 2 5 EIEE 3 SIS K VAR AR LT-GA . JAXA LTYRO X, R4 L LT, f#
BREBTICH S T D5 7 555 1 THIZE O DWFFERRE D 100 43D 10 (ZH Y - &5 2 M F 7Rk
HIEMTED, 12720, ERHE&OFEN 10,000 FAH TH D & X ILENEDO N EE L7220
D& L, ZOFAIZ 1,000 FARmOMmE N H 5 & X130 ZEY 0 #£T5,

(FREIDELIHIF)

#5325 AR 3 RITED LW &2,

2 AIEOAZKIMMM TR b, 5 13 & (MERBIAETRE T — 7 ORRHEL OHER) S 2 TH B HS 4 14,
14 KRBT — ¥ ORI OHER]) S 2 HA B H5 5 T, 55 16 R(BARTEHEORA), WO 17
& WHERROFM) nBH 21 & (a7 T NEEEHEDIRIR) KO 26 58 (WFFERRR DRE)
£ TOMEL, HRERBUZED DR OIFEREIR AR & L, 55 25 & (R ORFE) | 5 26 2% (b
TR D) ORUEIT, BREKRHIZB W THET 2826792,

(FERDER)

%334 JAXA L, AKORNEFEERTTHZLENTE D, TOHEITIE, JAXA X, BENE%
IAXAWRB L TWD T = 7 A M RT D2 LIk 0EmL., URBIIEFEZONRFIC L Y AR
HERDHED,

2 RO X, AITAOEEIZRE LAWIESZRHEANS 25812, Va7 A MR LIZENS 30
HEAIZ JAXA IZHR LEmIC I VB EITH 2 & TR EMRRT HZ LN TE S,

(i)

O34 & AKERINTED DR WHEIE, RORERKICED L HIHEIZOWTRENE U1, JAXA
KOYRO WD 5 2 k15,
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B HIERBLAEE R T —#

R T T4 fefit T Re R BRI (A ARR ) | BL 6k
JERS 1992429 4 1 H~ ER
(Japanese Earth Observation Satellite) 1998 4£ 10 A 11 H

ADEOS 1996 4= 10 A 15 H~ AER
(Advanced Earth Observation Satellite) 1997 #£6 A 29 H

ADEOS-II 2003 41 H ~ ER
(Advanced Earth Observing Satellite-11) 2003 4 10 H

ALOS 2006 475 H 16 H~ IR
(Advanced Land Observing Satellite) 201144 A 22 H

GCOM-W1 2012 -~ RER
(The Global Change Observation

Mission 1st-Water)

TRMM 1997 4F 12 A ~ AER(PR:FAAEAY 36 E~L

(Tropical Rainfall Measuring Mission)

xR 36 B TMI KO
VIRS : FafEf) 38 FE~dbik

#7 38 J¥)
AMSR-E 2002 4£ 6 J] 19 H~ AEK
(Advanced Microwave Scanning 2011 4£ 10 A 4 H
Radiometer for EOS-Aqua satellite)
GOSAT 2009 -4 H 23 H~ RER

(Greenhouse Gases Observing Satellite)

% GPM/DPR, EarthCARE/CPR (2 o\ C I, 7 — & /N a[fE & 72 - 1= Bl C A 33 ZelC S X Mk &

W LIBINTE
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% 1[H EarthCARE #F % A 3B (REE)
* R O ‘R E N KW KR FEHE

MNTATECE N FHMIZEFZEBA R RS (DL, DAXA] 2W9H,) 1E, ExT7 ey L v e
> (EarthCARE) O IEMFEIZEIT 5 /3 B2 2 T EarthCARE #F7EA%: (LT RAI Evv9,) %
TV, ISR B S TR EO TN B RHIEN - IRER A TIRT 5, JAXA K OEENTIR S 7o REFE
# (Principal Investigator LA, [PI] &9 ,) D@ T 2F5EFRS (Research Organization LR, RO
EWV D) HE ROBFITHE, EarthCARE AFFEAZEILFEIBFZEERA (LLF. TAREK) Lvv9,) &
Eraboed 5,
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F1a5 AEPNBIZBODTRICET 2 HEFROERICESZ D ET S,

(1) THFFERR ) SIIARILRFZEICRSEHE O NI, BE, BIE, FEW, 7130 X A4
TNIY ZALE BB T 572007 0 7T NMEOMNMT 2 EME ST, ). /U EOHEIN
SR M OVRH2 I /LA 0

(2) AEHEICBW T OERICBWTE LN T ERE] 213, ROEZEZIBITFs 0%
AN
1) KFirtE, FEHHEHER OEIME (LT TPEEMPEHE) ST 5,)

2) FFTESZT DHER], FEARBEE ST DR, R OEIERERE T 2 R
3) Tul T LAOEEYROT —HX—ADEEY (LLF (a7 I 5% Lvwo,) IXRHEE
e (LLF 1777 DEOFEEHE] £ ),)

(3) MILFEIMFZEETE] & 1%, EarthCARE AFZEAZEILRIFFERAHIAZE (DL, THAE] &wvwo,)
DORIAR VICFLE S 7z FHHEZ2 VN 9

(4) THFZEHIM ) &ix, SLRIAFZEFHE G S eI 2V 5, A OREICE S, Yo
RZEHIREISE T H & 0 BRI T LIGA 1T, Sk TR £ T2 eI & st 2
%

(5) MEREERGHE] &%, RO NS L 72F2E R 0 JAXA IZ X 57Hli 2 v 9, JAXA 1
BAEERIZ, RO OFFEHAE RS TOME K OREHRE EEICL Vi E21T 9,

(6) THEEREIE R T —% ) Lid., #HERBNEE N DRIG LT — & T, 7 — Z#7kIC JAXA 73
AL TNDHDE N, RIRERL T V4, RAEATRE 2B, BLIME 2 BRI H8
F 5,

(7) TRBTF—4%] Lit. KBETNOEE2Z I R8T — 22\ 9,

2 RERNZEBWT 3% LT, ORISR LR D L DI O W T, ERAFREORSR L
RBHBDIZONWTIEEELR, BIEHE., 707 7 DEOEEHOXNG LD DIZOWTIAIE, 7b
Y XL, JUNTDORGERDHEDIZOVWTIEREHZV 9,

3 AN\ THIIMPERE R OIFERR RO TR &%, $RHEE 2 LB 3HEICED H1TA. =
PTG 2 50 3TAICE O D174, BITES 2 50 3TAICED D114, HVEMEES 21 L L0
27 SRICED BHERIOFTH (JAXA KT RO MAIWE L7= “IREZEEM ORI % &te,) WONZT L=
URXL, JOUNTEOHERZND,

4 ARERIZBNT TP Lid, ARAIZIREEZEH L, SN _E TSR T 2 W JeifeE 2 5t
THREMIEETROIWCHTIBTHEE VD, £/, [Cll LiX, #F%EWH /1% (Co-Investigator) Td
V. PHZRE SN AHGEIEEN A2 T 2F 2\ 9, PILEOCI (LLF TIRFEIRFZEES S & D,)
DRA ., PRSI IEFEFZEHEIC RS SN D,

(GERBFFED 57 HH5E)

B2 JAXA X, AEFEWFZED FHMIZE LIROB SRR 20T 2,

(1) RO MAI[FFIE % Ffiti 3~ 5 7o OB & 70 2 HIEBRBLIET 2 7 — % KOV R T —# % RO ICIRME T
et d 5,

(2) WHE, WHEOERRNE 2R T 22O Ol E R, COMBLERSE ZRET D,

(3) AFHERICHEH & 2 BRI FHIC L 0 A RRAHE 2 FE ki 95,

2 RO, AHLFEWFZEDEM IR LIROF SR T EHE0HET D,
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(1) FL[ERFZERIEIC eV, BF9E A2 FEhid 5,

(2) JAXA OEFEIZIS L, JAXA DEMRT 2HEEROMERESE, LERSEICHET 5,

(3) JAXA DR T DTS 2512 JAXA BV THFZER S, BRI JAXA 25125V TR
HT 5,

(4) HFEROMME T E TIo, RO TR IS DAV FER ST DWW TRl 54 B
D& IAXA [ZRRHT 5, Fio, AUFEHIESE 7RISR, RILFRFZEO2EMmBIEF & 5
TR R OW TR REEIC L W E L0, JAXA ICIRHT 5, ZO%E . UilREE S DR
R ELZDLREHT 2 LB X720,

(FERI DRI K OFEHT)

%32 ASLREMFITIE, RO MHUEAEIZ LV HIAZ L, JAXA 28 ZHUCH LRITT 2 AGEEIC X 0K
HTAHZEELSTHRYT DD E L, RILFEFEOZOHIFIT JAXA OFIT LTZKGEEIZED
LRI E 5, 7272 L, FEERIEIC L 0 EH AT &G S A, JAXA KON RO 2SR D JAXA
BAHBE I OWTERE L2 a L, RO 26 Okt HIAE DR & OV IAXA 7 b Ok &G 12 &
LT X0 WM A RIS, AT L SEHEEFR SISO L L, UEREE T 5,

(LR RICESF T 5E)

%45 RO X, ELEMFEGHENZFLE S - IKRPFSEIEFEE 2 A LFERICS M ST b D LT 5,

2 JAXA L, HLFEIFFZEEEICEH SN E 2 AR LFEFRICSMEE D b0 LT 5,

3 RO L, HLFEMFIEMEFEICH L, KAEINE LB TFIEDL L HOMEREEL DD LT 5,

4 RO /%, H:FEWFSEEHENCFLHE S Av7e CL LA E T ICARILFRIFZED ClI & LT&MmEE L H & 95
EXT, HOMLD IAXA ITEHICLVEMLARZ YO0 L L, SiH ITxt LARIFIEEK
EEETTHLHONEREEEEDLDET S,

5 JAXA X, PI 233E1C, Bk, KEEZ OMOFERIZ LD RO ICEBW TAILFRMEICERE L7 2D
WZB ST h . RN EMRRT 522 LN T& 5, (AL, RO A CIZET AIF90E % 2% Pl O%AT:
E LTI L. IAXA BEE L725E. JIAXA KOYRO X, FDEEPIE L TARNEZET 52
ENRTEDLDOLET D, TONRIZMERICZVBRED D,

(BZFEDEELL)

54 ROIL, AZKOFMOEMER =FICEKFE (UL THEE) &vo, ) LTIRLARN,
7L, AREKIO—ERIZHOWT, FEET L2 %, TOERICE D IAXAIZHGFE L. JAXA DAGH
ERTEGAIXZORY TiERv, ROIX, BERIEAED I LICHE =FIIEZLE2TbE L O ETH5AIC
X, YE = FHOLAFR, IEM, EFOFHELELRFHATH L -ETHORNZZ 5200 &3
5o

2 RO IF, AIHEZZELEIC LV ARKNO—HZ2HET %613, BRIELERITHE S YiLE =
F (RO OFHE UIZEFEEA L IE TR 0T (b EMOBELE. TR KOMHeH
ZEte) ) DITAICHONT, IAXAICK LETOEEZEAI DO LT 5,

3 RO %, AZKO—EZHELTHHEE1L. RO NALKNE 2 M 5 72O I B 2R FHIH KL Y
JAXA DR RT 2 FIHIZOWT, BRI EME L RITIIER B0,

(WFFeReE)

65 JAXA X, AELFEIFEE £ 57O HERRED 5B, JIAXA DEHERREE LT, #3
RICHED ERATT DAGEE I AGEE I 288 E % ROICHIHWT D2 b0 LT 5,

2 JAXAZ. RO OFTEDFREZZH LA 30 HLINIZ, BIEICEBIT2RE2 L5 b L
T 5o JAXA DNVYFERE 2 T E D IR £ TIC AR WS JAXA X RO IZxF LT, A
ROFANLXIH ETOREITIE U, YR LAFITKT LR 6%(H BI5R) O ER] B %
Do

3 BIAIZEL D EE L7 BIER S OFEN, 10,000 A TH D & S ITBIEFE O EFE L2
DL L, Fi2, ZOFEIZ 1,000 HARBOMEN H 5 & 13 0umEEY 0 #5T5,

4 RO (%, ELFEMZEFFEICE T DRENRICTERH S NIZREICHOWT, AMFEE O IIWTh
O H OFEN 3E (Z0EH D 3ENTY - 5% 50 HHLLTFOEA1L 50 M) ZiEx THIH
THEEMBEAZITE Y L3258, HO0UHIAXAIZREITHLZbOET S,
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5 RO /L, % 1 HOREICHETHRIRNEZH ST 572 0EE 22, XHEE2EBE. M)
X L CREHET 2 & & b, TOXHMEZRET HEH A L, BEEZOHIRK T OBRFAE
MHEE LU TSERRET D LD LT 5, JAXA 1L, YiZERE L O H 2 3E1 2 22X 0 E T E
LO$EHZ ROICH LD Z 23 TE, RO IZIAXA D ORBE X IZE LORHOHE LRS- 72
a2 DS U T iudZe 70,

GEEREEORM)

WIS AISE 1EICED DN 100 T B2 5854, ROE, HOMMK TH# 30 2E L7
HXIE, BEFHEEO 4H 10 HOWT ORIV E T TIZHNR 2 G el E T2 JAXA 1T
HEsbDET5,

(RSB DHEE)

#82k JAXA KTNROE, RISRICHET 2RI E EDRHZZ T & &id, AR HIHK 55
FOFA) KO 105 CHAEZEOIRW) DED D L AT, BR@FEE BIRE L TRE

PREE L, VRS EHEET S,
2 JAXA L., RITEHIZED DREFEIC L 0 e L= 3K 84% RO ICE@ET 5,
3 EHBEOHRICBWNT, —REHERIL, BOFICEH LZRICKVEHET LI LT 5,

(EREDHRE)

F 95 JAXAIZ, AISHE L HICEIE T 2 2K SFOMEIZH VT, EFFENZNONE XL I
MLELAMHNCGEAT 2O THINENEEZRET IO L L, LENHD L XX RO ICBE L
A REREE LATBERORE A RS, WL RO OFHEFFLEICSLHAY | IR R OBMREE Y
HETHZENTED,

(KHAFEHEDIEMN)

B1045 JAXA L, 65 1THLOW 2THICED D XA FIEIC L 0 X tT- 7%, BEICZHh -
TR 84 LIEIZE D A BRSO T I X W EER OB EB A DBE. TOBR5
BHFEDOB % RO IZFHT KT D,

2 RIHEOEAEIZEWT, RO L, JAXAPFIEDGERELZHELIZH NS 30 HEAWIZIEM L 72 T U
SRR

3 RO 73, BIEOHARANICIEM LARWREOHEICOWTE 6 505 2 MOV 3ITHOHE X M
Al

(EBY) R b 2R DIRE)
F115 HL5EE LAICKEST bR EICE VBTG L7 EEIT, JAXA IZRET 20 L
T 5, 72770, JAXA L ROW#HED E, RODI{EETAHZENTELHDET D,
2 RO (%, ATEICEIT2FEFIZONT, BIREZER L., BERERIEHEOTEELZFF> TRET S
Lo L L, K TR, BUSME —ERZ JIAXA TR L2 7z 570,

(HuBRBLRIEE R T — ¥ DR K& OHER)
B 1245 JAXA L. B2&E 1LEHE 1 52X, DIFOKZITHE- T RO ICHIERBLAIE 27 — ¥
. EE TR S,
(1) RO 7% JAXA ([ZHR i 2 Bk 9~ 2 MERBIHIAT 7 — & 13, JAXA Bfif O A H M OVE IR O HIFR
DD, BETCOERT —ZPIREEEND EITR S 220,
723, RO 28 JAXA IZHefit 2 R 2 HIERBIAI 2 7 — 2 0 5 & | BEIREIRIEIREE (AL OS)
MNO/EHNDET —ZIZOWTE, 1RFHEEICBWTER 10 v —r % B[R E T 5,
(2) JAXA [ THEREBIRIfRE T — & OSE M ONF A LU =it 2 (REEE9°, W O T R O
BEHICBWTIAXA B A DR,
(3) HEREAIFmE DA RS, EH LOFHK., TotoFEmIC LY, MERBRIREET —4% % RO 1212
TR WFENELTZELTYH, JAXA X, ZOEZEDR,
2 RO %, JAXA 7> Bt 25217 7= BRI 27— 2 OB $ MW T, IROEFITHED D &
T 5,
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(1) RO {3y 77 v 7O HMUSCHIERBIAIRE T — X 28I LTI bewn, =721, AFE
SRR LB 7R 8 4 SRITTE & 2 LR FE L OV 5 RICED DLt (LT [P1%E) &
W) IS Ao ER AR,

(2) RO 1T, HERBIHIGT R T — X D5 b, BT — X IZE T ATREZ2 HERBIIET 27T — % 2. Pl S04
OFIZERML-BAR L TR B 720,

(3) RO IZ, HERBUAIET R T — & %, ARIEFRFEOBICRY FIHT 2 Z LN TX 5,

(4) RO (%, WFIEHIMISE T2, RIE SN HIERBLAIGRR 7 — 2 2, JAXA OFERIZE Y | IBHIX T
UNEET 5,

3 JAXA 78 RO ICHME 2 BRI R T — 2 OMERNICBE L Cld, ROEEICHEI b D LT 5,
(1) JAXA 7S 252 1 7= BRI R T — 2 AR D HERNIZ, 2Htic kv RO ICBiET 5L DT
Fev, E7o, MUiET — X OFBIMEMEO T U MZTHONW T, JAXA OFERIZED b D &5,
(2) BB 59, ARILFRBFIEDEMIC L 0 HERBIIG R T — & 2 W2 Lk A e s — %
(BT — 2 (77— & i IR T — ¥ OB Y, T — X DSOS RIS
< HE{BALER, PR ERAMEAITO 2 &) e LB T, o REREIIE R T — Z I TR AT REZR
HLOT, BEEHEENEO LN B D,) ZERLZSA. Yk RAIMEET — % 1% RO ([Z)fE T
%o

(R&T — & DR KR UHEF)

B 135 JAXAIL, FE22L&EL1HFE L FICESE, KRBT — 42 ROICHEET I LD LT 5,

2 JAXA DO AEZ T TR T — X IR AHERNIL, IRIHC LY RO BT 5 b D TiXZen, £
7o, MRS T — X OB FEHE OB M OWTIL, JAXA OFERIZHE) D LT 5,

3 ROIE, KRBT —% % PI LN OFITHRME-BIR L TE 2 7220,

4 RO X, KT —H# %, AERWFZEEOHIZRY FIAT 52 LN TE 5,

5 RO %, AFEHIRE T4, RSN RGT — ¥ &2 JAXA OF/RICE Y | IBREI T Y& B
Do

(BB HREORH)

%14 5 JAXA KOYRO 1%, AR E Eiid 572 DIlcn B e, BOEONFTA T 2R ERT —4
KO ERRGET — 2 EOHAER L O T v 7T A5 (MERBIAET R T — 2 L OR G T — & #r<,
IR, TEE®SE) & o,) ZHAEICEETRIEL, fHASE, LERLHLILGSIIS 2 EiE T
x5,

2 JAXA K O'RO X, fHFE oSS ®RE L, ARILEMFZERRLIMIER L, X PI
LA OF IR LTI B 7200,

3 JAXA KON RO %, ALL[FEIAFGESE T, TSR SN HiffEREIC >\, FTH O
RICE Y HFEFICEAIST YN RS D,

(PR DOFI)

%1525 JAXA K OVRO %, ARMELFERFFEOFNEIC LV ESNI-FEREEZ, BHEOFEREO B
T (ACO BB TE =R OHM T 2& T, WHHI®EL2G628T,). FEEFDDOFF
DO HEBNZERY . FHATZ RO DR EGD Z R BETHHATHZ LN TX 5,

2 JAXAZ., RO 2 JAXA ITHEH U 7=l EIC W T, BHICHI, M, @8, ma+s2 &
MNT&ED, ZOHE, LAMFEREFEE TEETABHELITHE L2V b0 LT 5,

(M EBRREDIFIE)

016 45 JAXA KON RO I3, ALLFEIRFZE D FEM 2L IR TE - P22 R SRR D 4R 4 Bl TR
THHEDET D,

2 JAXA N O'RO VT AILFEFFED IR & 0 IL[F CHETMFE RITR DRI Z IG5 b D & L,
ZDOF7IEIAXA LTO'RO O ERkDEEEZ B L TRk L CTED D,

(GnAR PEEME D HHRESE)
%17 & JAXA KUY RO 1E, AR O EZREITHE, T EEME DX R L 72 V15558, BE MK
OAEWENAE CBAIiE, HoNCHFFICERIC L VIRE L, 4R, BRZEOEIEICLR S M
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I PEHE DO I B L O O BREIZ OV THi#ET 2 b0 L35,

2 JAXA K OYRO 1L, ZNZENBAILFRFIEICSIN S 2 LEM RS I2RET 53 H% (JAXA
KON RO DALFETHEZEAEEZETe,) ITOWWT, YRS G LRI EE D, Yk
B2 B9 5 EM PEME D Rk A Z T Db D &5,

3 JAXA it RO NHRCTHRIALEAZIT 72 & i3, HM THURLMOMEMEDO HFAZEDO TR X 2179
TLEMTELLDOLETHN, HESORNICH LN COHFELOWREHRLILO LT, ZOHA,
FHRESE M OERIR IS BT 2 8 I Y Mg 2 B O T2 Y HENAHT I b0 LT
Al

4 JAXA X OVRO 23 LRI CHIE ATV YL PEHE IR 2 S 2178 9 &5 & 21X IAXA
J OY RO X Bi5& $h[A] SR 2 it Uy 2 D LRI FESRRICHE » CTHeAl L CHE% Z1TH b &
T 5, ZO%E, HETRE LOMERREIZET 28 HIL, ZRENOFRSIZGE T JAXA KT
RO R EHT %,

(A EHRE)

B85 HISGOBEIE., AMENCI T D ENIT FERE D HFESE K ORERIR I >V C AT 5,

2 JAXA K ORO 1%, RIS 4 HHIZEES < JAXA KON RO 24 ORI PEFE AR 2 4 E HFE 21T ©
WZHTe> Tk, WEWHiED > 2ITH> b D ET 5,

(RSB EEHE DFI )
195 IAXA KT'RO UL, 3 15 RICED LG G 2RE . AOMNMEEZFAT 25613, &
52 COMFEL OREZRF, Bl 2R HEK TED S H B2 X485

(G P4 PEME DB = (Tt 2 FI HFF6)

%205 JAXA LOYRO 1, AILFRBFIEDFEMEIZ L 0 5572 JAXA KON RO 33453 5 50 e
Mz H = FIFIATFHRLE D 95 L 2T, FRNCHFESOEMMCLDFELZEDL LD L L, ik
DML TED b,

2 JAXA K ONRO 1%, ALFEIRFZEOEMIZ LV GO EREL S 15 RICED LG EZIRE
B H RG22 56 . IR T 2R HAZNCTED R ZH ="FENOBINT s b0 L F
%o ZOWHITENT, BB OIS 2 EhkEHT, SEEMERIZIR DRI U T JAXA KT
RO IZHBLT HH D ET 5,

(Ff 57 DFEE)

#2154 JAXA KRUNRO (&, AFLRWFZEDFMEIC X 0 A4 U7 M PERED B COFF 53 2 JIAXA KO}
RO il 5 A, HEE LIHICIRY R TE 5, Hakaflid, BRI 5l L0175,
JAXA K UYRO 1&, HO ORI &R D56, MakiiiE Lo IZ S EE e AR D B DO
FIRUEBEDETEAPSEL LD LT 5,

2 JAXA KON RO i, A ORBMERED B ORI & EET 25613, MFHICTo@mL,
FHBHLET 2 & &1E, HOOF & UM THIEET 5,

G d=S3))
22 % JAXA KOVRO 1%, HORBMEMEIC DWW T RIS AT 2504, b & odfgmm
MPEEMEO AR N HRE LT 1 EMIE, #HODICEONFEFTHIEM L, Yk BRIFASEIC
£ D HHIA FEHE DI B K ORI DWW T, Wik D 9 2 ED D,

(/ ONTDIRIE)
%234 JAXA KTPRO X, WD 5 2. MREEDO IS/ vy & LTHRk 5 Z &3t ed o
WZDOWNWT, OIS UNTDIREEZITI D ET D,
2 JUNTUDHEICY o TE, BETNEHHZHART 2D ET 5,
3 RIHEOMET WM, AL UTARKFEIFEZE THORANORE L TS FEMET 5, 7272
L. JAXA K O'RO Wi D 9 x WET _EWM AR L, IEMET L2 LN TE D,
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(HiE%Z OF)H)

%24 5 JAXA KON RO 1L, ARILFEWEEET H7-DICHLENHH5E1L. SO0 CDMEFLHFD
FIEZ%57-9 2T, HPEHFOMRLE OIS (LLTF Mgk Evwo, ) 2BECHHATIZENT
x5,

2 JAXA KON RO X, AT H Ol %E =T 256121%,. T HOBHREIZE-> TRHHET O
ET5,

(B3R % DFEHA)

%254 JAXA KON RO X, ARIEFIFEZ I T H7-DICMERN D L5H1L. TOMHFELFORE%
BT, BERESRTOMOWEE, T OBRNICRHIATLZ LN TE S, ZOBAHTLD
PRSI DR T IER B,

2 JAXA K OYRO VL, MHELFDEGIAALTEYME (LT TFRAMEL WD, ) 2T 25813,
TOHFHORBEZEL DL L, ALFEHFSEOEM B LIMIER LT b,

3 FRAMEL A IRISSUTHEE LB A 1, JRIKICh b STz D B 2 FF TG Lzt h
B YA AN

(BERDOBIEL., RE. KOEH)

%26 52 JAXA KUY RO %, AIELFRINIGEE EHiT 572 DICHERH 285515, £ OFTE T 5%
DO ERTFHICEETDHLENTE S,

2 JAXA LTRRO &, APRIZESWTES S H#sZ oot (LT MEhdM Evwo,) o5
ELIZHI-> L, B5RmofrasE (LT, TE5E) L\W)H,) ITHTFHICsEEL, HFEHITE
HREICSZEERRE L2 0ER 5780,

3 JAXA KTPRO 1, BHMOBEL 22T 5561, ME. HEFIZOWT, BIROA M Z R
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(Advanced Earth Observation Satellite) 1997 #£6 A 29 H

ADEOS-II 2003 41 H ~ ER
(Advanced Earth Observing Satellite-11) 2003 4 10 H
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B HIERBLAEE R T —#

R T T4 fefit T Re R BRI (A ARR ) | BL 6k
JERS 1992429 4 1 H~ ER
(Japanese Earth Observation Satellite) 1998 4£ 10 A 11 H

ADEOS 1996 4= 10 A 15 H~ AER
(Advanced Earth Observation Satellite) 1997 #£6 A 29 H

ADEOS-II 2003 41 H ~ ER
(Advanced Earth Observing Satellite-11) 2003 4 10 H

ALOS 2006 475 H 16 H~ IR
(Advanced Land Observing Satellite) 201144 A 22 H

GCOM-W1 2012 -~ RER
(The Global Change Observation

Mission 1st-Water)

TRMM 1997 4F 12 A ~ AER(PR:FAAEAY 36 E~L

(Tropical Rainfall Measuring Mission)

xR 36 B TMI KO
VIRS : FafEf) 38 FE~dbik

#7 38 J¥)
AMSR-E 2002 £ 6 7 19 H~ AEK
(Advanced Microwave  Scanning 2011410 H 4 A
Radiometer for EOS-Aqua satellite)
GOSAT 2009 -4 H 23 H~ RER

(Greenhouse Gases Observing Satellite)

* GPM/DPR, EarthCARE/CPR (2 o\ C I, 7 — & /N a[fE & 72 - 1= B T 27 SRl S X Mk &

W LIBINTE
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