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1. Introduction
1.1. About the Sixth GCOM Research Announcement

In this sixth Global ChangeObservatiorMission (GCOM) researctannouncemer(RA),
the Japan AerospaceExploration Agency (JAXA) is announcingthe opportunity for
developmentf algorithmsfor geophysicalproducts,validation, and applicationresearch
usingGCOM-C (Climate) aswell asresearchs withmulti-sensos suchas GCOM-W and
EarthCARE Theresearclperiodis threeyearsfrom JapanesEiscal Year (JFY) 2016 (April
2013 to 2018 (March 2019), and especiallyfocuses onGCOM-C atlaunch algorithm
preparation, algorithm improvement, product validation, and development of new
application schemes

JAXA is conductingcrosscutting application researches in orderetahancesynthetic use
of multiple satellite dataThe purposes of therosscutting application researchescludes
generation ofvaluable productsintegratedby multiple satellite data and satellitemodel
integrated us@ata assimilation efc.developnent ofthe predictiorschemesising a model
and enhancement abperationaland publicuse. The current subjects of theeosscutting
application researches are "water cycle and resources”, "ecosystem monitolimgte
system radiation process”, "marine environment monitorirgfindsphericenvironment
monitoring”, "infrastructure monitoring”, "agriculture”, and "public healtin."this RA,
proposat which contribute to these reseastmainly using GCOMC dataare also
recommended .

1.2. GCOM and GCOM-C

GCOM seeksto establishandto demonstratea global, long-term satellite obsenation
systemo measuressentiajeophysicaparameterfor understandinglobalclimatechange
and the water cycle mechanism Its ultimate objectives ar¢éo improwve future climate
projection through a collaborative framework with climate model researchesand to
demonstrat the capabilitiesof operationalapplicationsby providing continuousdata to
operational agencies.GCOM will assumethe Advanced Earth Observing Satellitell
(ADEOSII) missionandtransitioninto long-term monitoring of the global environmental
changes To achieve global, comprehensiveJongterm, and homogenousobservation,
GCOMwill consistof two satellitesaies andthreeconsecutivagenerationsvith a oneyear
overlap resultingin a13-yearobservatiorperiod.Thetwo satellitesseriesareGCOM-W and
GCOM-C. Thefirst generation satellite of GCORbr Wateyr GCOM-W satellite will carry
the Advanced Microwave Scanning Radiomete2 (AMSR2) to provide a better
understandingf thewaterandenergycycle. TheGCOM-C satellitewill beequippedvith the
SecondGeneratiorGlobal Imager(SGLI) to observethe Earths atmosphereand surfaceto
elucidatehecarboncycleandradiationbudget.

SGLIwill be equippeavith wide spectratoveragdrom 380 nmto 12 mm, afield of view
exceedindlOO0km succeeding ADEOS/GLI. New additionalfeatures includd.2 bands
(14 bands includingpecialimode of thermal infrared bands)high spatialresolutionof 250
m; two-direction simultaneousobservationalong the orbit (two bands)and polarization
observation(two bands) The GCOM-C mission aims to improve our knowledgeand
prediction of the global carboncycle and radiation budgetthrough highraccuracySGLI
observationof global vegetation,oceancolor, temperatureclouds, aerosa, and polar
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regions.

The AMSR2 instrument on boa@GICOM-W is a multHfrequency, duapolarized, passive
microwave radiometer for observing watelated geophysical parameters. AMSR2 was
designed and manufactured based on the experience of the AMSR aboard-ABEDEe
AMSR for EOS (AMSRE). The GCOM missionstatementthe satelliteandsensosystem
specificationanddefinition ofthegeophysicaproductsaredetailedn APPENDIXC.

1.3. Targetsof GCOM and Mission Success Criteria

GCOM obijectivestargets for the firsgjenerationand mission success criter@e defined
asTables 1 and?. This RA adertises researabpportunitiedor achieving these targets and
criteriawith theultimate goal of successfabmpleton of this mission in collaboration with

JAXA.
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Table 1 GCOM Objectives and GCGMW Targets

GCOM Objectives

GCOM-C Targets

GCOM-W Targets

Build a longterm observation
system that can observe effective
physical parameters (e.g., sea
surface temperature, soil moistur
and so on.) continuousigr 10 to
15 yeardo solve the mechanism of
global climate change and water
cycle, ancestablish its usability

Produce and distribute
satelliteobserved radiance, nine
land, eight atmosphere, seven
ocean, and four cryosphere
productsas standard products

Produce and distribute
satelliteobserved brightness
temperatures (Tbs), two land,ekr
atmosphere, two ocean, and one
cryosphere products as standard
products.

Improve the prediction accuracy {
long-term climate change by
improving the process research ¢
the climatechange mechanism ar|
numerical models, and provide
information service in support of
national policy decisionirough
cooperation with user
organkations that have climate
models.

Processind providesatellite datdo
the Data Integration and Analysis
Systemestablished by the
University of Tokyo, JAMSTEC,
and JAXA

Processind providesatellite datao
the Data Integration and Analysis
Systemrestalished by the
University of Tokyo, JAMSTEC,
and JAXA

Establish a Earthobservation
satellitesystem to obtain importar
physical parameters to assess th
global environment and seek
integrative use with other
observation systems.

Improve the accuracy ofimate
changepredictionby assimilating
data and improving model
parametersiith the cooperationf
application research organizationg
Through the above activities,
confirm the quality of GCOM data
and demonstrate its ability to
contribute to predictiplongterm
climate change. Contribute to
predicting the global environment
response to climate change by
observing snowurface
temperature, snow grain size, oce
chlorophylka concentration, and s
on.

Improve shorterm prediction
accuracy by assimiiag data, such
as Ths and water vapor, with the
cooperation of application researc
organizations. Through the above
activities, confirm the quality of
GCOM data and demonstrate its
ability to contribute to predicting
long-term climate change.
Contributeto predicting the global
environment response to climate
change by observing sea ice
concentration, snow cover, sea
surface temperature, and so on.

Contribute directly to operational
fields, such as predicting intense
weather that may bring disasters
distributing data to operational
organizations that provide weathe
forecasts, fishery information
service, segoute information
control, etc.

Improve fishery management by
providing data to the Japan
Fisheries Information Service
Center within the requicetime
frame.

Improve accuracy of weather
forecast including typhoons, and
fishery management by providing
data to the Japan Meteorological
Agency and the Japan Fisheries
Information Service Center within
the required time frame.

Develop new products for
effectively clarifying climate
change and the water cycle
mechanism, whicls difficult to do

with current analysis technology

Producsdive land,three
atmosphereseverncean, aneight
cryosphere research products by
cooperating with research and

application organizations.

Produce new research products by
cooperating with research and
application organizations.
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Table 2 GCOM Success Criteria
GCOM-C

Assessment conditi

Success levi

Minimum success

Full success

Extra success

Standard product

Complete calibration and validati
phase and start data distributior

Achieve standard accuracies of
standard productswithin 5 years

Achieve the target accuracy
one or more productithin 5

8’ (Set release threshold/ more than 20 produéisachievigg after launch, years after launch.
g |standard/ target accuracie| the = releasethreshold accurady
e aboutl year after launch
§. Achieve the target accuracy
=} Research product one or more productithin 5
S (Set only ta gccurac) NA NA years after launch or add n
ytarg Y important products for clima
change research
When the products achieve th| Continue  requiredime  datd
o | Realtime relg_ase thr_eshold accuracynfir_m dist_ribution during the_ operati(
7] availability ability to dlst_rlbute the data with| period from confirmation ofthe NA
g_ therequired time. release threshold accuracy
7 years after launch.
g When the products achieve | Continue observatich and dat
5 Continuity relggse threshold accuracy, coni distribution from confirmation ¢ NA
S ability to continuouly observe an| release threshold accuracy &
distributeproducts years after launch.
*1  Sandard products are definedpasductshat areespecially important for achiieg the mission goal, sufficiently confirm the application reality from

*2
*3
*4

ADEOSHI results etc., andresuitable for operational data distributi®esearch products are definegheluctsstill in thereseech phase of
development and application,aneunsuitable for operational data distribution.

Release threshold accuralinimum accuracy for release as available for climate research
The threshold number of products, 20, corresponds to thiganwwf ADEOSII GLI standard products in the GCOBIstandard products.
This means to obtain observation data continuously during the plaartiedbservation operation period

GCOM-W

Success levi

Assessment condii

Minimum success

Full success

Extra success

Completecalibration and validatic

Achieve standardccuracie within

Achieve the target accuracy

§ Standard producf phase and start data distribu) 5 years after launch. one or more productithin 5

& |(Setrelease threshold/ | 51, 1 year after launch. Achie years after launch.

T |standard/ target accuracie: «

3 release threshold accuraty

e x Add new important products {

%- (Eeiiﬁ@ﬂgggggfriy NA NA climate change researglithin 5

S years after launch.

From the time of achieving t| From the time of achieving t|
R . release threshold accuracy unt| release threshold accuracy unt

g | Realtime fter launch maintai fter launch, maintain abi NA

8 | availability years after launch maintair| years after launch, maintain abi

& ability to distribute the data with| to distribute the data within t|

% the required time. required time.

%{- From the time of achieving t| From the time of achieving tl

=) release threshold accuracy unt| release threshold accuracy unt

S | Continuity years after launéh maintair| years after launch, maintain abi NA

ability to observeand distribut| to observe and distribute product
products.

*1  Sandard products are definedoasductghat areespecially important for achiesg the mission goal, sufficiently confirm the application reality frorr
ADEOSHI results etc., andresuitable for operational data distributi®tesearch products are defineghaluctsstill in theresearch phase of
development and application,aneunsuitable for operational data distribution.

*2  Release threshold accuraljinimum accuracy for release as available for climate research

*3  Set the period until the GCOM/2 launch.
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1.4. Standard and Research Products of GCOMC

To achieve missionobjectives effectively standard and researchproducts are
determinedby the GCOM Advisory Committeeon the basis othree criteria: (1)
centralityto the mission,(2) feasibility for algorithmdevelopmentand(3) effectiveness
of dataprocessingand distribution, which includes(A) data that are produced and
distributed aghey areacquired,(B) data that should be disclosed after accurmanat
and procesng for a given period of timegnd C) data that will be presented as research
findings APPENDIXC, Table7).

For example standardoroductsare definedas elements oparticularimportarce for
achieving the mission goal such ascloud and aerosol properties, seaface
temperature, ocean color, snamd vegetationthatsufficiently confirm theapplication
reality from ADEOS || resultsand are suitablefor operationaldatadistribution (A).
Researciproductsaredefinedaselementsstill in theresearchphaseof developmenand
applicationor productsthat provide new importantknowledgebut are unsuitablefor
operationatataprocessingsuchas(C).

(1), (2), and(3) maybe alteredhroughchanges irsocialrequirement®r progressn
researchand development.in such cases,the GCOM Advisory Committee may
re-organizestandardand researchproductsor add new productsby consultation with
usercommunities.

1.5. RA Period and Development Phase

This RA period is JFY2016i 2018, which corresponds fo andm in Fig. 1. This period
will includethe satellite launchyear, research will emphasizagorithm (processing code)
developmentfor postlaunch operationand validation observationfor the algorithm
improvement andoroduct &aluation and development of new application schemes to
achieve the GCOM objectives (Table 1)

Researciplansfor this RA are required to fit to the development pHasandm.
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JFY

rodibs | 20082009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
AT . ! A A ! !
GC,OM_ 1 SGLI + SGLI enpineering model GCOM-C qu‘ GCOM-C1
GCOM-C Project start © SGLI pre-flight model A launkh relé ase Project end
Milestone : | i |
fround system . | | I I | A
S;st[em dg"im'tion Desi:gn Development A A Test Revewv REWAB\V GCO)é—CZ laﬁch Review

Development

tial I
Initial development | Performance development | Launch version development (]L“/ al | Improvement and application

phase i H i
| i |
GCOMRA 2 [C#1 GCOM RA 4 (C#2) GCQOMIRAG (C#3 GCOMRAS (C#4
PI researdh V- (C#D : ) W= A A o o (D)
Annouacdment P alg submission 0.1 dlgorithm - 0.0] ! 5
g e selection | 48 VY- algvl |
5 ; !
L H
bs H
1
Research & trial by other = : E
EORC satellite data and simulation i 1 A Gdaa 4 i cepa A
; H H aiogda g A < ; i i i
research & i ' A ! PLL1 ) 'PLI-2 mtod § ial i | Validation & Improvement A
developme nt ! Pre-hunch cal /val | Research product development
i Development H |
Submissionto | Intetaction interabtion| | Cpmpletion |
the ground system  [(flow, volume) | Cdnfifmation H
3 : i 1
| i 1 i
Implement to the i | | A A i e | A ey A
: . S N el . Y
operation gystem Ver. 0.0 Ver O.:O \Aﬁr. 0.1 Ver. Ver. 2A Ver. 2.5 vir i

i for G2 test
: defineI/F integration test

of the ground system

Fig. 1 GCOM-C algorithm development phase and the RA periods

j Initial development prse JFY 2009)

n Select the candidates for algorithm and product developfistablishment &

Implementation of Mission Requirements)

|

Consider the feasibility of the new prodwantd resolve remaining issues.

|

Validate and improve the algorithrbg using satellite and isitu observation data.

Consider algorithms thatdresshe impacof GCOM-C satellite and SGLI sensor
designevaluation

Performance developmepitase JFY 2010 2012

Evaluateandproposemprovementsor the performancef candidatelgorithms
(theoreticalalidity, accuracyagainstestdata,andprocessingtability) by usingtest
inputs.

|

-J x

Collectthenecessarfundamentatiata,andevaluatedevelopmentyalidation,and
application.

Conductprelaunchimplementatioriest1 (PLI-1) to evaluatealgorithmfundamental
performancandsatellitedataapplicabilityon the basis dhe previously stated points

Correspondo resultsof satellites and sensdevelopmen(e.g., evaluate the influence
on the products and adjust the algorithms).

Draft Algorithm TheoreticaBasisDocumen{ATBD).

J

Selectatlaunchalgorithmson thebasis othePLI-1 results(theselectiorwill be
reflectedin thenextRA).
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| Launch preparation pha§H#Y 2013 2016)
Develop, evaluate, and improve the selected operational codes.

|

|

Acquire fundamental data necessary for evaluation and improvemeastablish
the postlaunch product validation method.

N Conduct prdaunch implementation te&t(PLI-2) to evaluate operationdgdw and
performancée.g., memory and time)

N Correspondo the performance of satellite and sensors.

N Modify theATBD.

(JFY 2016 GCOM-C launch

m Postlaunch development and improvemphase JFY 20161 2021)

n Performinitial validationandproductimprovementversionupgradespy usingreal
SGLIdata.

Performintensivevalidationandimprovemenbf algorithmsasinitial calibration
validationphaséor the first producteleaseneyearatfterlaunch.

|

|

Obtainfundamentalandvalidationdatafor improvement.

|

Develop,validate andverify researchproductsandnewapplications.

AchieveGCOM-C successriteria.

J J

Adaptthenewknowledgeto the developmenbf GCOM-C2 algorithmsto achieve
successndconsistencyvith theseconphasg GCOM-C2).

1.6. Roleof Pl and the RA Process

JAXA plansto select30 to 40 proposalsunderthis RA, including both fundedand
nonfunded The principalinvestigator(Pl) of eachselectedoroposalwill becomea science
teammemberof GCOM-C and, in some case§COM-W. The Pl will conductfrequent
discussiorandcollaboratios with JAXA EarthObservatiorResearciCenter(EORC)staffs
for the algorithm developnent, validationandapplicationstudies.The Pl mustattendand
presentheresearchstatugsatannualPl workshopsThesciencegeamleadewill participate
in the GCOM Advisory Committeand SGLI applicationworking groupto feedbackour
activitiesto the GCOM overall objectivesandmissionrequirements.

Pls will be able to receive prioritized distribution of the new version of the GCOM data, as
well as to use JAXA owned Earth observation satellite data asithimeasurement data
free of chargépriority of the esearclareas istatedin the next sectionDependhg onits
budgetstatus JAXA plansto spendl30 million yen'year for total Pivithin thethreeyearsof
this RA period.The tudget for each Pl may change for the following year depending on the
results of Pl research evaluatioeldat the annual GCOM workshopAXA mayalsoselect
nonfundedPIsfor researctwithout the requiremenbf additionalcostsfor applicationstudy
andresearchotdirectly relatedto thesuccessriteriaof GCOM.

With the exception of studentsll categoriesof domesticand foreign nonprofit and
peacefulorganizationscan apply under this RA. However, funding may differ for each
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researcttategoryandapplicant.Fundingby JAXA is essentiallyrestrictedto domesticPls,
althoughsomeexceptionsnaybemadefor researcmecessario achievehe GCOMmission
successcriteria Proposalswill be selectedon the bases oh peerreview processand
discussionsn science/projecevaluationboards.JAXA plansto announcethe selection
resultsin Januan2016.

Collaboration with other RA such &COM-W, EarthCARE and GPM etds encouraged.
However, researcheor research graqus applyingfor multiple RAsmustclearly state on the
proposalwork distribution, budget (in case @f funded proposal)and effort ratio with
respect tahe other RA. Similarly, the allocation and ratio of effort eésearch related to
other externally fundestudies must belearly statd (Refer tofvt.3 Proposal Contents).

ENkH FaEia<
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2. Technical Descriptions
2.1. Purposesof this RA

GCOM aimsto contribute toimprovanent of global changeprediction accuracyand
operationalapplication This RA seekgo conductresearcmecessaryor global,long-term,
and highly accurateand efficient GCOM-C product developmerievaluation as well as
effectiveresearcton globalchangepy utilizing theachievementsf previousGCOM-C RA
(JFY2013 JFY2a5) andby obtainingnewknowledgeandskills from domesticandforeign
researchs

2.2. ResearchAreas

This RA seeksresearchproposalsin the following areas:algorithm development,
validation,applicationresearchandmulti-sensoapplicationresearchasingGCOM-C data
Because the research period wilver the GCOMC launch.this RA funding emphasizes
algorithm development for pektunch regular processing, validation observation for
product evaluation at the first data release, and new application scheme development such as
synthetic use with modelagricultural application and so dbetailsarelistedbelow.

2.2.1 Developmentof GCOM-C Algorithms

This areaseeksresearchfor standardandresearchalgorithmsfor GCOM-C product
development.
JAXA definesthe GCOM-C algorithm product developmentobjectives by the
following points Proposalareexpectedo conformto theseobjectives.
in Developalgorithmseffectivelyby applyingbroadknowledgeobtainedthroughRA.
N Developalgorithmsefficiently by anin-housealgorithm integration team following
theADEOS II/GLI experience, GAIT (Fig. 2)
in Develop algorithms that considerconstructon of long-term, stable, and highly
accuratalatasets.
in Develop algorithms that consider researchon the operational use of global
environmentathange.
N By developingsoftwareto enabé a stableprocessperformdatadistributionanddata
analysisstudiesquickly andsmoothly
N By developinghewdataanalysisandapplicationschemesgnhancduturepossibility
of remotesensingn Earthenvironmenbbservation.
N By developing algorithm performanceas a total observationsystem including
satellit¢dsensor design and manufacturingimprove data product quality and
accuracyandfeedtheresultsto the nextsatelliteandsensoidevelopment.
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PI EORC
Aloorithm theoretical - SGLI Level-1
v, g_out hm theoretica ‘ Operation program radiance data
basis document (ATBD) r---------------+
v ' Input ' Input (HDF5) )
_grcoossnsoccoscb koosaonocon '-(P1 enviconment) | (standard products) . HDFE5
Algorithm theory Ty I

Physical, biological, :
chemical processes Program core l """""""""" >{ ' Program core —>| Operation system ‘
L : Scope of the “algdrithm l
Radiative transfer g core” will decide depending

: q Distribution system ‘
5 T . on algorithm chatacteristics | 7
R R | . I
In-situ observations, 1 Output ! Output (HDF5)
! . g Other researchers
database, and knowledge i (PI environment) ; (standard products) )
Eemncoosoonooocg ! Public users
PI mainly responsible ‘__> EORC mainly responsible
. . ... + Establishment of product definition and overall progress management
* Detail proposal of product definition 1. Product definition L. L
. o + Supply and support of in-situ observation instruments
* Proposal of new product and use : s 1’ e d . b cimulation d dreal SGLI d
- . y sat: t t - t t t
* Acquisition, analysis, and supply of fundamental datg 2 Fapeharsil dainsace upply satellite data (pre-launch simulation data and rea ata)

and ancillary data for the development and tests
*+ Construction of algotithm theory

+ Preparation of ATBD -f
+ Construct and supply program core (by C or For(ran}“r 4. Coding
sy

3. Algorithm Theory + Coordination of common algorithm knowledge among Pls
+
* Provision of I/O information and tools

¢+ Evaluation of program performance (accuracy, speed, and stability) and feed
*» Validation and improvement of the algorithm 7
- L4

feedback

5 Tests and validation back the results and suggestions to PI

+ Provision of program codes after the implementation and tests

Flow of alporithm developrment

Fig. 2 Example of collaboration and slirag between Pl and JAX# algorithm development.
The map should be modified according to algorithm characteristics and volume of the code
(C or Fortran code)

GenerallyGCOM-C algorithmswill bedevelopedhroughthefollowing procedures,
as shownin Figure 2: (1) definition of products (2) constructionof fundamental
database (3) developmentof algorithm theory (4) coding of radiative transfer
(algorithm theory) and (5) implementation testing, and optimization of the JAXA
operationsystem.This RA mainly coversprocedureg2), (4), and(5) andmayinclude
(1) and(3) for researchproductsandnewproductproposalsin particular, this RAeeks
proposalsfor implementationand improvementof steady algorithm processing
exparsion of the fundamentaldatabasgrom (2), and newly defined productsand
applicationghatcontributeto the GCOM-C missionobjectives.

To directly succeedhe resultsof researchanddevelopmentrom previousthe RA
(FY 2013 2015), past algorithm Pls are encouraged to continue their researches, and
the yearly evaluation resultill be consideredn this RA selectionas well as their
submitted proposglFable3 showsthe Pl in chargefor currentRA.

As shownin Figure2, selectedPIswill collaboratewith JAXA to developalgorithms,
implementtheir codesyalidate the output products and updatethe algorithm and
algorithm theoretical basis documents.Details on currently defined standard and
researclproductsandexpectedesearctihemesarelistedin section2.3.

APPENDIX C, Table7 lists geophysicaparameters$o be producedasstandardand
researchproductsof the GCOM-C mission;their accuray targetsare definedasthe
missionsuccessriteria. Theseaccuraciesveredefinedthroughconsultatiorwith users
including theGCOM advisory committeandthe SGLI working group on the basis of
experiencesof application of existingsatellites. The fireleasethresholdaccuracy is

ENkH FaEia<
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defined as the minimum accuracyfor the first datarelease fistandardaccuracy is
defined as valuable and standarelevel accuracy and fitarget accuracy includes
numeroughallengesn improvingalgorithmperformanceindcalibrationaccuracyand
is to be achievedon a researchbasis.Algorithms acceptedn this researchareawill
produceproductsthat meetthe requirementdisted in APPENDIX C, Table 7 in the
operationaphaseof the GCOM-C mission.

Standardalgorithmswill produceproductsthatmeetrequiremergin theoperational
phaseof the GCOM-C mission oneyear after the launchfor releasecriteria andfive
yearsafter launchfor standardandtargetaccuracy.Thus the proposas of algorithms
are requiral to include strategies for algorithimprovement in cooperation with
validation activities

Applicantsmayproposeanewalgorithm categorize@satypeof researclalgorithm
that producesa standardoroductat a higherquality thanthat of astandardalgorithm
developedn thepreviousRA. Throughcomparativevalidationof performancethenew
algorithm may becomethe new standardalgorithm at the point of productrevision.
Therefore research should meet the requirements of target accuracy. Their
performancegaccuracy, processing speed etrgexpectedo be atthesameevelas
existingstandardalgorithms.

Researclalgorithmswill beevaluatedy additionalsuccessriteria(targetaccuracy)
for five yearsafterthe satellitelaunch,andtheir developmentmustmeetrequirements.
As notedin sectionl.4,researctproductsproducedoy thesealgorithmscouldbecome
new candidate for the standardproducst after completion of a specifievaluation
process.

To meetthe GCOM objectives,algorithmsrequireglobd applicability, robustness,
and long-term stability. Algorithms that can be extendedand applied for similar
microwave radiometersand historical data records are preferable for integrated
processing Computationallyefficient, fastprocessingalgorithms are important for
operationabpplicationsof the products.

As describedn chapter5, researchon standardalgorithirs is generallysupported
througha CommissionedResearchAgreement while researchalgorithnms with many
researcHactorsaresupported¢hrougha CollaborativeResearclgreement

2.2.2 Validation Observation and Product Validation

This researchareaseeks proposalsf validation observationand effective product
validation through cooperatio with otherground and satellite observatioesearches
Table4 detailsthe definition andvalidation methods for each product.

The validation category proposals are required to consider the current validation plan
including observation parameters, instruments, and site locgtiea¥ables 8 and9 in
APPENDIX C) which has been established by previous RAs.

The resultsmust be applied directly to the postaunch in-situ data acquisition
validation analysis which includesevaluation of product accuracy faonfirming
success criteria achievemeand the algorithm improvement

Special emphasiswill be placed on researchs that effective validation data
acquisitionand collaboration with JAX& validationanalysis BecauseGCOM-C is a
global observatiomrmission,validationobservatiorandanalysisfor accuracyevaluation
andimprovemenbn aglobalcoverages a particularrequirenent
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Proposals of irsitu dataacquisitionthroughcollaboration with observation activities
by other funds are also encouragddr enhancement of isitu datacoveragefor the
GCOM-C product validation.New observation plans, which include-diiu data
acquisitionand product evaluation methods, and will improve the GGDMroduct
evaluation, can be proposed in addition toAREENDIX C Tables 8 and9.

Error budgetanalysisfor pixel error approximationand estimationof errorbudget
modekfor eachproductarealsoimportantfor productswith limited pointsof observation
or productsthatutilize numericalmodels.

Obtainedn situ observatiordataandknowledgemustbeprovidedto JAXA andthePI
in chargeof algorithmsfor application ofalgorithm improvementand postlaunch
validation.Provides of in situ datacandefinethe disclosurdevels specifiedin Tableb:
for EORC membersonly, EORC andPIs for algorithm development calibrationand
validation registeredisersandpublic open Theproviderwill definethedisclosurdevel
for data and provide this informationto EORC, which will share the data via
EORC/GCOMC Web pages(The disclosurelevel is required to be open wideiser
levels as much as possibldf)is asked to provide isitu data which was not funded by
JAXA, if thepolicy of thein-situ data is allowed with appropriate disclosure levels.

As describedin chapter5, this researchthene is generally supportedthrough a
Collaborative ResearchAgreement Application is possible under subsecti@®.],
Development of GCOMC agorithms if the researcher is developing the algorithm in
addition to validation research.

2.2.3 Application Research

This researchcategory seeks proposalon monitoring environmentalchanges
improving future prediction and researchleading to the social benefits including
practicalapplicationssuchas fishery use agriculturaluse biological carbonfixation,
environmentanddisastemonitoring and so onContribution to the EORC crossitting
application researches is highly recommen®eelopmenof newresearclproducton
the basis ofnew concepts social needs,and those combired with other in situ
observatios andnumericalmodelsis alsosolicited.

Applicantsshouldconsiderthat JAXA is not a generalfundingbodyfor the scientific
community.This RA seekgo accomplisnthe GCOM-C missior goalsandto discover
newpossibilitiesfor utilizing GCOM-C data.Proposalshouldclearlydescribeplansfor
GCOM-C datausage.

As describedin chapter5, this researchthemeis generally supportedthrough a
CollaborativeResearctigreement.

2.2.4 Multi -SensorResearchbasing GCOM-C data

JAXA seekgroposaldor multi-sensoresearchihatusesdatafrom multiple satellites
and sensorsbasing GCOMC data This includes algorithm developmentfor new
research produstindapplicationresearctvia multi sensor data basing GCGMdata
Examples of anticipated casestinms multi-sensor research fietedetailed below

GCOM-C andGCOM-W
Mergedsensorresearch is strongly encouraged to utilize data from GEDEhd
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GCOM-W for research on climatecarbon cycleand water cycle changelf the
research attempts to directly merge the data from both satellites, differerzeg in
andobservatioriocal time for eactsatellitemust beaccounted fothrough the use of
models and objective analysis.

Long-termdataanalysisby combined usef other optical sens@andGCOM-C
GCOM-C aims to observe climate chasgaver a period ofmore thanl0 years
through three generations of satellites (GCOWEI C2-C3). A highly accountable
form of research on climate change can be expettiealgh thecontinuous and
complementaryusage of both historical and contemporary dafa.g., MODIS,
SeaWiFSAVHRR, VIIRS, OLCI, SLSTR, HimawarB/AHI).

GCOM-C andJAXA EarthEnvironmentMonitoring Satellites

EarthCARE, GPM, and GOSAT will be operategimultaneasly with GCOMC;
thus, research that effectively uses these satellite data simultanewtilslye
solicited.

As describedin chapter5, algorithm developments generallysupportedthrough
either afunded or norfunded CollaborativeResearchAgreement,while application
studyis supported¢hrougha nonfundedCollaborativeResearciigreement.

2.3. Scienceareas, product groups, and researchissues

Thescienceareasproductgroupsandresearchitemsdeemedarticularlyimportantin
thisRA aredescribedelow. Thesecategorieslo not require agreement withetresearch
unit of theRA, andresearciproposls on severalproductsacrosgheseareasandgroups
are acceptedResearchproposas on single producs or groups should includecareful
consideratiorof otherproductswithin the samegroupandbetweerdifferentgroups.

Productdefinitionsaredescribedn Table3. Definitions of newproducs notincluded
in Table3, aswell astheir developmenandvalidationschemeswill berefinedin detalil
throughdiscussioramongthe users Pls,andJAXA afterthe proposal is selected by the
Plin charge.

L. Land

L-1 Precise Geometric Correction Group: Precise Geometrically Corrected Image

[standard produft

V On the basis ofresults from previous RAJAXA will take initiatives in
developing algorithms fahe GCP matchingnd their validatios Proposals of
the aientation algorithm using the GCResults and ORTHO collection
algorithm for the GCOMLC tile product (LTOA) are required.

V The algorithms havdo show the interface condition to integrate to other
geometric correction algorithms which have been developed by JAXA

L-2 Land AtmosphericCorrection Group: AtmosphericallyCorrectedLand Surface
Reflectancdstandardgroduct, Vegetationindex[standardgroduct, Land Surface
Albedo[researclproduct
V On the basis ofresults from previous RAJAXA will take initiatives in
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atmospheriacorrection algorithm development for standard prodtimtsugh
consolidation othePI& knowledge batmosphericorrection.

V Researchcollaborationis desired thatelates to appropriate identification of
cloud and snow areas, surface radiarasel multidirectional reflectance by
vegetation, atmospheric radianioeluding aerosol dispersioand absorption,
and esthlishment consistent with downstream produbist use atmospheric
correction reflectance products.

V Effective acquisition of sufficient groundsurface observation data for
correction and evaluation of directional reflectance and aerosol dispersion
constiuents is needed.

V For the land surface albedo product, considerationof numerical model
parameters, such apectrunmanddirectionality,is expected, as Malidationby a
model

V Collaboration with activities of C-1 (cloud discrimination), C-2 (aerosol
correction) andC-5 (calibration)aredesired.

L-3 LandNetPrimaryProductionGroup:LeafArealndex[standargroduct, Fraction
of AbsorbedPhotosyntheticallYctive Radiation[standardoroduct, Water Stress
Trend[researctproduct, LandNet PrimaryProductionresearctproduct
V Modeling of relationshipbetweenthe satellite observed reflectancand the

radiative transfer process of the vegetatiomariousconditionsis needed

V Data acquisitions neededor algorithm development andooperation with
ground observatioprogramssuch aglux tower observatiometworks

V Collaboration with studies of carbon cycle and ecological model8) (iS
encouraged to estimate land £f@ation.

V Collaboration with activities of 12, L-4, L-6, andA-3 is desired.

V Water stress trenshould be in cooperation with-% if it derivedusing theland
surface temperatureand with evapdranspiration research it has a
relationship to the evapmanspiration Collaboration with researches of
biological processes and agriculture is encouraged through knowledge of
vegetation water stress.

L-4 Above-Ground Biomass Group: Above-Ground Biomass [standardproduci,
VegetationRoughnesdndex (VRI) [standardproduct, Shadowlndex [standard
product
V Modeling of threedimensionalstructuresand directional reflectanceof the

variousshape®f canopiess needed.

V Collaborationis neededvith a ground observation netwaskhat continuously
measuresf biomass such as tidgameterat breastheight.

V Establishment foa method toestimateaboveground biomas$rom 3D laser
scanner measuremsnihich have been conducted by JAXA and other groups
is needed

V Comparison and validation between tieenporal change of thieiomass and
NPP (L-3) are desired.

V Collaboration with activities atheland cover group (16) is desired for global
applicability, VRI is expectedo improve land cover classification.

L-5 Land SurfaceTemperaturésroup: Land SurfaceTemperaturg¢standardoroduct,
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L-6

Fire Detectionindex|[researctproduct

V In orderto estimatethe thermal infraredemissivity from the land surface,
collaborationwith visible and shortwaveinfrared reflectanceand land cover
productis necessary.

V Realtime processings neededor fire detectionln addition, ollaboration with
visible and shortvave infraredreflectanceandthe land cover group (16) is
encouraged fathedetecton ofburned areas.

V Fire detection product is expected to be used as an information of aerosol
source.

Land Cover Grap: LandCoverType[research produft

V Classifications needed thatonsides various applicationsuch asNPP.

V Algorithms are desired thaise 3D information (l-4) and time change analysis
by SGLI highfrequency observation.

V Effective construction ofvalidation dataet and collaboration with AVNIR2
high-accuracy land cover classification conductedthi®yEORC traversearea
research activitiearedesired

A. Atmosphere

A-1

A-2

Cloud Product GroupCloud Flag[standard produft Classified CloudFraction

[standard produltCloudTop Temperature and Heigfgtandard produgtWater

Cloud Optical Thickness and Particle Effective Radistendard produft Ice

Cloud Optical Thicknespstandard produftWater Cloud Geometrical Thickness

[researctproduct

V Collaboration with common subjectLis needed.

V Cloud Geometrical Thicknessill be derived byO,A band, and used for the
estimation of the downward lorgave radiatior(A-3).

V Effective preparationof validation data and analysisethodsis nee@d with
respect to timepacdifferences ofatellite and irsitu data.

V Validation study of cloud coverage using thesi{ camera system which has

\Y

\Y

been developed by JAXA is encouraged.

Validation planning in collaboration with EarthCARE Pl team whids h
similar products is encouraged.

Cooperationsuch agesearch partnerskgpwork sharingand participation in
workshops with EarthCARE, GPM, ai@COM-W is desired for investigating
thecloud radiative forcindpy integrated analysis of the multiple satellite data
Development using the SGLI polarization observation is encouraged.
Combined analysis with the numerical model through a radiative transfer
model and extension to model assimilati®desired.

<<

Aerosol Product Grougierosoloverthe Ocearjstandard produftLand Aerosol

by Near Ultra Violet [standard prodult Aerosol by Polarization[standard

product

V Algorithm developmenis neededvith global applicability and considerations
for aerosol locatly, as well aghe globalapplicability

V Contributionis needed irdefining an aerosol candidate model and improving
and validatingheradiative transfer process for aerosol correction tweland
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A-3

and the ocean.

Effective algorithms for unifying the ocean and land algorithms and for
estimatingparametersuchasaerosol size distributioandcomponent ratio are
desired.

For aerosol by polarizatigrincluding land aerosol estimatiothrough SGLI
polarization obsestion, collaboration with POLDER research and polarized
radiative transfer researehdesired.

The algorithm should be optimized to SGLI sensor performamcesensor
operation characteristicand it is encouraged to consider correction of the
sensotoriented errors such as spectral response and polarization sensitivity and
SO on.

Cooperatiorwith EarthCARE such assearch partnerships, work shariagg
participation in workshops is desired for investigating claedsol
interaction.

Syntheic analysis of SGLI and the geostationary satellite sensor,
Himawari8/AHI, is encouraged to enhance the merittlié SGLI sensor
characteristics

Combined analysis with numerical model through a radiative transfer model
andits extension to model assimilation are desired.

Cooperationwith calibration activities such as vicarious calibration (C-3) is
necessary.

SurfaceRadiation Flux Group: ShoeMave Radiation Flufresearch produft
Long-Wave Radiation Flukresearch praduc

Vv

Vv
Vv
Vv

On the basis of results from previous RMXA will take initiatives in
developing algorithms fahe satellitebasisdownwardshortwave radiatian
Downward longwave radiatiorwill be estimated by usin@loud Geometrical
Thickness

Combined analysis with a numerical model through a radiative transfer model
and its extension to model assimilation are desired.

Cooperation with products of cloud detection, cloud properties, aerosol
properties, surface reflectance, and surface estimaioothersensorge.g.,
AMSR-2) is needed.

Collaboration witha land flux site and irsitu observation network such as
oceanic observation buoy is needed for validation.

O. Ocean

O-1 Ocean Atmospheric Correction Group: Normalized WaterlLeaving Radiance
[standard product, Atmospheric Correction Parameters[standard produci,
PhotosyntheticallAvailable Radiation[standardgroduct

V Improvemenin thetreatmenbf aerosolsandseasurfacereflection(sharingof

knowledgefrom C-2) correspondingo in-wateralgorithmsis necessary.

V Improvementis neededn processing speed and stabilityr near reatime

processing

V Because ocean color requinearticularlyhigh calibration accuracy, algorithm

adaptation to SGLI sensor features and collaboratitin calibration activities
including in situ observatios for vicarious calibration and NWLR, -6, are
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0-2

0O-3

needed.

V Effective useof SGLI characteristics, such as the 380nm band, ranlie,
and polarimetryis encouraged

V Acquisition and standardization of situ opticalmeasurementalong with an
ocean color group parameter-gpis desired.

V Intercomparison of international prodscind algorithmsare encouragetb
contribute theocean color ECV

Ocean Color Group: Chlorophylta Concentration[stardard product, Total
SuspendedVatter Concentratioristandardproduc}, Colored DissolvedOrganic
Matter [standard produc}, Inherent Optical Properties [research produci,
PhytoplanktorFunctionalType[researctproduct, RedTide [researciproduct
V Coastal algorithm development idanned to béased orcharacterization of

IOP specta observed in each coastabgion Therefore a systematic
measurement of IOP is needed.

V Improvementin algorithmsis desired thatonsides application to ONPP
estimaton, redtide and ifland water,operational stabilityand intersensor
consistency through construction of fundamental datasetwater optical
model development, and comparison of accuracy and meimadfaboration
with VIIRS and OLCI.

V Combined angkis with a numerical model through 4water bicoptical
models andits extension to model assimilatiamencouraged.

Temperaturé&roup: SeaSurfaceTemperatur¢standargproduct

V Stable and highly accurate algoritbnare needed thatonsider operational
purpose and model research combined with other sensors such asAMSR

V Algorithms and product thateffectively u® coastal 250n and 500m spatial
resolution of SGLI and numerical modeling reseansdesired.

V The combination ohistorical satellite seaurface temperature dasad the
production and analysis of a lotgrm time series with improved atmosphere
correction is promoted.

PrimaryProductivityGroup:OceanNet PrimaryProductivity[researctproduci

V Acquisition of hghly accurate irsitu data is needed.

V Combined analysisf a numerical model through iwater bicoptical models
andits extension to model assimilation are desired.

V In order to contribute to C{absorptionestimation cooperation withresearch
activities of carboncycle and marinecosystem modgl and insitu
biogeophysicameasurememntrogramg¢C-4) is desired.

Multi-Sensor Merged Product: Muliensor Merged Ocean Color Parameters

[research produfit Multi-sensor Merged Seaurface Tempeture [research

product

V A combination of productsis desired thatovercones differencessuch as
channel wavelengths, sensor characteristics, algoritantsgata formats and
utilizesSGLI features such as 250 resolution and time frequency.

V Studies of GCPMC data asimilation to biocgeochemical models are
encouraged.
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S. Cryosphere

S1

S2

S3

SnowAreaDiscriminationGroup:Snow andice-CoveredArea[standargroduct,
Okhotsk Sealce Distribution [ standardproduc}, Snow and Ice Classification
[researchproduct, SnowCovered Area in Forestsand Mountains [research
product, Ice SheetBoundaryMonitoring [researctproduct
V Contribution to other groups through C-1 activities such as discrimination
betweercloudandsnow/icearea is needed.
V Acquisition of in situ datafor effective validationandcooperatiorwith in situ
monitoringby othergroupsis needed.
V Contribution to aerosoimodels and weather modelgas a boundary
condition)is encouraged.

SnowSurfacePropertiesGroup: Snow and Ice Surface Temperatureg standard
product, SnowGrain Sizeof ShallowlLayer[standardoroduct, SnowGrain Size
of Subsurfacd.ayer [researctproduct, Snow Grain Size of Top Layer [research
product, Snowlmpurity [researctproduct

V Establishmenbf a highly accurae estimationmethodis neededfor radiative
transferfrom snow/icesurfacea.

V Becauseopportunitiesfor in situ measurementare generallylimited, product
validation must be conductedthrough effective in situ measurementn
cooperationwith domestic andoreign institutions,andtheoreticalevaluation
of errorbudget

V In orderto contributeto researchon Earth environmentchange and climate
prediction,cooperatiorwith researclon snow/icephysicalprocesseandalbedo
(S-3) with numericalmodels(C-4) is desired.

SnowAlbedo Group: SnowandIce Albedo [researctproduct, Ice SheetSurface

Roughnesg$researciproduct

V Cooperatiorwith the S-2 group,which measuresnowgrainsizeandimpurities
thatsignificantlyinfluencealbedo,is desired.

V Developmerd thatconsiderapplicationby numericalmodelingareneeded

C. Commonlssues

Common issuesthat encouragecollaborationamongPI activities are coordinatedby
JAXA EORC.

C-1

CloudandSnow/lIceDiscrimination

N A commontaskin mostproductsandalgorithmsis to distinguishclearsky, cloud,

andsnow/iceareasrom SGLI TOA radiance datddoweverthedevelopnent ofan
appropriatadiscriminationschemespecificto eachapplicationis necessaryAXA
will encouragePl teamsto sharetheir knowledgeof spectralfeaturesof each
observationtargetand discriminationschemesand to effectively implementthe
individual algorithms.

N A mini workshopin 2011was the basifr consolidaibn of the knowledgeof each
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C-2
n

C-4
n

J

areafor cloud discriminationalgorithmsandfor evaluaing the validationscheme
by usingwhole-sky camerasystemsThe cloudamountwasestimatedvith a high
degree ohccuracyfrom whole-sky cameralatg researchhateffectivelyintegrate
suchdatainto algorithmimprovementndvalidationis encouraged.

AerosolCorrection

The light reflectedfrom observationtargetsfrom atmosphericallyscatteredight
must be separated and correctedestimateland, ocean,and snow surface
reflectancdrom satelliteobservedadiances particularly thoseelatedto aerosol
properties A-2. For this purpose,JAXA promote sharing and exchangeof
knowledgeand processingtechniquesfor the radiative transfer processof the
atmospheriesurfacesystem.

Direction of the development of an atmospheric correction algorithm has been
discussed in the misworkshop in 2012 and we are developing the algorithm by
cooperation among researches on the land surface and the atmo$hseRA

will continue topromoteactivities for sharingknowledgeof surfaceand aerosol
productsirom eachareaamongJAXA andPI groups.

PolarizationStudy

Polarimetryis a unique function of SGLI. Besidesaerosolestimation(A-2), the
developmentof new productsand their applicatiors are encouragedthrough
polarizationobservation.

Becausepolarimetry is a new function in sensordevelopment,collaboration
betweenJAXA& radiancecalibration activity and the knowledgeand skill on
atmospheri@olarizationprocesss encouraged.

IntegratedAnalysisof Global EnvironmentalChange

Cooperationwith researchon monitoring and predicting the carboncycle and
radiative forcing is needed to achieve the GCOM mission targé&tse new
requiremerg andknowledgefrom theresearcheshould berefleced tothe next
satellite product development This common group encouragesexchangeof

knowledgeandskill from researctof model assimilation andombinedanalysisn

eachareaandgroup.

Consideratiorof SGLI CalibrationPerformance

Accuracyof productsdependon combinationbetweerperformanceof the SGLI

sensorand the algorithm error It is necessarythereforeto developalgorithms
optimized for the SGLI performance along with the progress of SGLI

characterizatiomndcalibration.Forexamplecooperatiorns promotedbetweerthe

team evaluatingthe radiative transfer processin the algorithms and the team
conducting ground truth observationsand vicarious calibration. In addition,
evaluationand correctionof the impact of SGLI characteristicoon geophysical
productsareencouraged.
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Table 3 Rrsorsresponsible for the products in the FY288®12 research period

Category |Product Plin charge
Standard Precise geometric correctaddiance | JAXA & Tokal
Standarq Land atmophericcorrected reflectance| JAXAPI team collaboratiorn)Val: Honda (Chibd)
Standarq Vegetation index JAXA(PI team collaboration)
Standarq Aboveground biomass Kajiwara(ChibaU); Val, modelNasahargTsukubal)
Standarq Vegetationroughness index Kajiwara(Chibal)
Standard Shadow index Moriyama (NagasakLl)
Standarg Fraction ofabsorbed PAR Y. Ono(JAXA); Specifarea: Suzuki (JAMSTEZ)!:
Standard Leaf area index NasaharaTsukubal) , Honda (ChibdJ)
Standard Land sirface temperature Moriyama (Nagasakl)
c Researcl Land net primary production Eﬁi%iﬁg%kg? adébtﬂ:gfgﬁimara WY SR &
3 [Researcl Fire detection index Moriyama (Nagasakl) | Nakau (HokkaidelJ)
Researcl Landcover type Fukue TokaiU) | SoyamalenriU); Takagi (Kochi)
Researcl Land surface albedo JAXATBD) Val: Honda (Chibd), NasaharaTsukubalJ)
Researcl Water stress trend Kajiwara(ChibaU)
New E\éae?f?;ir::;p'ratlon Index (Crop TasumiMiyazakiU) ; Val: Nasahar@l sukubal)
New Phenology NasaharaTsukubal)
New Volcano monitoring Kareko (TokyaeU)
New Land PAR JAXA& Frouin (SIO)
New Land biological model Nas_ahara (Tsukubd), Ichii (JAMSTEC), Mabuchi
(Chibal)
Standard Cloud flag Nakajima(TokaiU)
Classified cloud fraction,
Standar Cloud top temp/height, Nakajimg(TpkaiU); Ishimoto(particle scatterin_g model)
Water-cloud Ca & CER, (MRI), Riedi (LOA); V&ie (ChibaU), Yamazaki (MRI)
> Icecloud CO
g Researcl Water cloud geometrical thickness Kuio b NI 2BYSyQa
'%Standar ﬁ;r:?jszle:)ovse(; tsyeec:;_%a\? - Inoue (AORI)Val:Aoki(Toyamal), Irie (ChibaU)
% Standard Aerosol by Polarization Sano(KinkiU); SupportRiedi(LOA) Val: Aoki(ToyamaU)
JAXAsatellite base SW)Inoue(AORI model
Researcl Longwave & Shorwave radiation flux | assimilation) Val: Nasahar@l sukubal) , Hayasaka
(TohokuU)
New Cloudphase by polarization Riedi(LOA)
Standar Normallzeq water 'e‘f’“"”g radiance Toratani(TokaiU); SupportFrouin(SIO)
Atmospheric correction param.
Standard Ocean PAR JAXA& Frouin(SIO)
Standard ChlorophyHa conc. JAXA Val:lshizakallagoyal), Hirawake okkaideU)
Standarg Total sispendedmatter conc. Iﬁgﬁg&g&%ﬂ’:ﬁtﬁg:ff;:g)agoyau)' Hirawake
Q Standarg C(;Iored d|s§ol\/|ed orgarnc matter Hirata (PML, HokkaiddJ) ; Valishizakalagoyal),
o ResearclIn erer?t optical properties Hirawake HokkaideU) , Suzuki (Hokkaidb)
S [Researc| Euphotic zone depth
Standarq Sea surface tengrature Kurihara(JAXA
Researcl Ocean net primary productivity Hirawake(HokkaideU) | IshizakgNagoyal)
Researcl Phytoplankton functional type Hirawake(HokkaideU) | Hirata(HokkaideU)
Researcl Redtide IshizakéNagoyal)
New Absorption of PAR Frouin (SIO)
New Multiple sensor products Franz (NASA), Wang (NOAA), JAXA
Y IStandar xk?;\;s?(n:e:gecg;;?:iiit?c:ia Stamneg(Stevendnstitute of Technology Val: JAXA
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Researc| Snow and ice classification

Researcl Snow area in forest and mountain JAXA

Standarg Snow and ice surface Teemature StamnegStevens Institute of Technologwal:Aoki(MRI)

Standarg Snow grain size of shallow layer StamnegStevens Institute of Technologwal:Aoki(MRI)

New Bare ice area in the ice ceet Aoki (MRI)
Snow grairsize of subsurface & top

Researc| layer Stamnes $tevens Institute of Technolog§ Aoki(MRI)
Snow impurity

Researcl Snow and ice albedo Stamnes $tevens Institute of Technology

Researcl Ice sheet surface roughness Aoki(MRI)

Researcl Ice sheet boundary monitoring JAXA

New Micro-alge concentration in the bare ic| Aoki(MRI)

New Aerosol over snow area Stamnes $tevens Institute of Technology

Bold charactersshowmain developerdor the standardproducts

Table 4 GCOM-C L1B and L2 product definitions and validation methods

g::; Product[Definitionn Unit] Accuracy'® Cal/Val Method
Satelliteobserved radiance Release | 5%(absolute™) Accuracy of radiance is evaluated as RMS error b
(LevellB (Data geometric accrklpixel on vicarious calibration, ehoard calibrations witl
Def.: Satelliteobservaed :ﬁ:if:zl g solar diffuser and blackbody and so on.
radiances which are ) Geometrical accuracy is evaluated using GCP &
radiometrically ang error of pixel position after systematic geomet
c geometrically corrected witl correction.
g inter-band registration| Stan except TR 5%abs.™), | Accuracy of radiance is evaluated as RMS error b
g Calibration information i{ dard 1% (relative) on vicarious calibration, ehoard calibrations witl
(&) added. TIR: 0.5K (@300K) solar diffuser and blackbody, and maneu
Unit: W/m?/str/ nm geometric accr0.5pixel| operations for moon calibration and intérand
Goal ExceptTIR 3%abs ™), calibrati_on (yawdirectiqn maneuvej. _
0.5% felative) Geometrlcgl accuracys ievaluated using .GCP as R
TIR: 0.5K (@300K) error qf pixel position after systematic geomet
geometric acck0.3pixel| correction.
Precise geometric correctd Release | <1pixel Accuracy of precise geometric correction is evalug
radiance(LTOA as RMS error of pixel position using GCPs.
Def.: This product contains
PGCP parameters  whi _
indicate geometric biasg Stan <0.5pixel
estimated using GCP, and | dard
radiance images which a|
projected to sinusoidal Goal <0.25pixel
projection plane with the
center longitude of O degre
after the correction of the
geometric biasesusing the
PGCP.
2 | Unit: W/m2/str/ nm
S [tLand atmopheric corrected| Release | 0.3 (<=443nm), 0.2 RMSerror between satellite-derived reflectances an
reflectance(LSRJ (>443nm) §cend® ground truth measurements is estimated at a reg
Def.: Land surface reflectang where aerosol optical thickness at 500nm is less {
corrected for the effects o 0.25.
atmospheric scattering an| Stan 0.1 (<=443nm), 0.05 | RMS errobetween satellite-derived reflectances an
absorption. Correction g dard (>443nm) ¢cend’® ground truth measurements is estimated.
directional anisotropic effectl Goal 0.05 (<=443nm), 0.025|
are also made for -8lay and (>443nm) ¢cend’®
monthly composite products|
Unit: none
Vegetation indexVGl) Release | Grasdand 25% RMS error is evaluated comparing S@erived VI
Def.: Indices indicating (sceng, with in-situ measured VI derived from
vegetation cover and activity Forest 20% §ceng spectroradiometer data at JaLTER, JapanFlux, PE
such as NDVI and EVI Yatsugéaake tower site etc. and also with other
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Unit: none

satellite VI products.

Stan Grass land20% ¢ceng, | RMS error is evaluated comparing S@arived VI
dard Forest 15% §ceng with in-situ measured VI derived from
Goal Grass land 10% spectroradiometer d_ata at JaLTER, JapanFlux, PE
(scengd, Yatsugaake tower site etc.
Forest:10% §ceng
Aboveground biomas$AGB Release | Grass land 50%, RMS error is evaluated comparing S@erived AGBIC
Def.: Dry weight of Forest 100% with in-situ measured AGBIO at JaLTER, JapanFlu
aboveground vegetation PEN, Yatsugiake tower site etc. (derived from dired
Unit: t/ha measurements of dry weight of grass at grass land
indirect estimation with allometry equation as
functions of tree diameter at brest height (DBH) an
tree height, or 3D laser scanner measurements at
forest), and also with AGBIO derived from other
satellites and numerical ecosystem models.
Stan Grass land30%, RMS error igvaluated comparing SGiérived AGBIC
dard Forest 50% with in-situ measured AGBIO at JaLTER, JapanFlu
Goal Grass land10%, PEN, Yatsugake tower site etc.
Forest 20%
Vegetation roughness index | Release | Grass landForest 40% | RMS error is evaluated comparing S@rived VRI
(VR) (sceng with in-situ measured VRI at JaLTER, JapanFlux, H
Def.: An index indicating plant | Stan Grass landForest 20% | Yatsugatake tower site etc. (derived from spectoral
vertical structure observed | dard (scend reflectance data acquired using tower and RC
from multi-angle directions. [Goal Grass landForest 10% | helicopterand so on).
Unit: none (scend
Shadow indexS) Release | Grass landForest RMS error is evaluated comparing S@arived VRI
Def.: An index indicating 30% §ceng with in-situ measured Sl at JaLTER, JapanFlux, PE
shadow fraction of Stan Grass landForest Yatsugatake tower site etc. (derived from spectoral
vegetation area inferred dard 20% cend reflectance data acquired using tower and RC
from spectral reflectance. [Goal Grass landForest helicopterand so on), ocomparingwith Slinferred
Unit: none 10% écend from data of high spatial resolution opticsgnsor
Fraction ofabsorbed PAR Release | Grass land 50%, RMS error is evaluated comparing S@drived FAPA|
(FAPAR Forest 50% with in-situ measured FAPAR at JaLTER, JapanFIy
Def.: Fraction of PEN, Yatsug@ke tower site etc. (derived from data
photosynthetically active of PAR meter or spectroradiometer data measuring
radiation absorbed by upwardand downward PAR at forest canopy and
vegetation floor.), and with other satellite FAPAR products.
Unit: none Stan Grass land30% RMS error is evaluated comparing S@drived FAPA|
dard Forest 20% with in-situ measured FAPAR at JaLTER, JapanFly
Goal Grass land20%, PEN, Yatsugake towersite etc. (derived from data
Forest 10% of PAR meter or spectroradiometer data measuring
upward and downward PAR at forest canopy and
floor.).

Leaf area indei_A) Release | Grass land 50%, RMS error is evaluated comparing S@rived LAI
Def.: The sum dhe one sided Forest 50% with in-situ measured LAl at JaLTER, JapanFlux, P
green leaf area per unit Yatsugaake tower site etc. (derived from data of
ground area litter trap or LAI2000 andspectroradiometer data
Unit: none measuring downward radiant flux etc. at forest floo

and with other satellite LAl products.
Stan dard | Grass land30% RMS error is evaluated comparing S@drived LAI
Forest 30% with in-situ measured LAl at JaLTE&hanFlux, PEN,
Goal Grass land20%, Yatsugéeake tower site etc. (derived from data of
2 Forest 20% litter trap or LA12000 and spectroradiometer data
3 measuring downward radiant flux etc. at forest floo
Land sirfface temperaturgLS] | Release | Less thar8.0K §éceng | RMS error is evaluated comparing S@rived LST
Def.: Temperature of with in-situ measured LST at the ground surface wi
terrestrical land surface. uniform land cover and alstomparingwith other
Unit: Kelvin satellite LST products.
Stanrdard | Less thar2.5K §ceng RMS error is evaluated comparing S@rived LST
with in-situ measured LST at the ground surface wi
Goal Less tharl.5K §ceng | nitorm land cover (TBD).
Land nefprimary production Release | N/A N/A
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(LNPPR
Def.: Net primary productivity

Stan dard

N/A

N/A

which ishow much carbon

dioxide vegetation takes in

during photosynthesi§GPP)

minus how much carbon

dioxide the plants release

during respiration or decay
Unit: gC/nflyear

Goal

30 (annual ave.

RMS error is evaluated comparing S@drived LNPP
with in-situ measured LNPP at JaL TER, JapanFlux
sites and alseomparingwith other satellite LNPP
products.

Water stress trendWS7 Release | N/A N/A
Def.: Anindex to understand | Stan dard | N/A N/A
the drogghty state of Goal 10%es classification | Classification error is evaluatedmparingSGLI
vegetation. 13 . o
Unit: none error) derived WST with ksitu measured latent heat
transport at flux sites (TBD).
Fire detection indexFD) Release | N/A N/A
Def.: Location of fire hot spots| Stan dard | N/A N/A
detected using thermal and | Goal 20% és classification | Classification error is evaluatedmparingSGLI
shortwave infrared bands. error) ** derived FDI with that derived from high spatial
Unit: none resolution optical sensors which has shortwave an
thermal infrared bands.
Land cover typéL.CY Release | N/A N/A
Def.:.Land cov@ype_classified Standard | N/A N/A
using vegetation indices ang
land reflectance. Goal 30% és classification | Classification error is evaluated comparing SGLI
Unit: none error) derived LCT with the ground truth derived from
Degree Confluence Project data on a global scale,
also comparing with regional LCT (such as Japan &
derived from high spatial resolution sensors.
Land surface albed@ALB Release | N/A N/A
Def.: Ratio of upward reflected| Stan dard | N/A N/A
energy to downward solar Goal 10% RMS error is evaluated comparing S@drived LALB
radiationenergy. o .
Unit: none with |n—S|tu_measured LALB derived from
spectroradiometer data at JaLTER, JapanFlux, PE
Yatsugeaake tower site etc. (derived from spectoral
reflectance data acquired using tower and RC
helicopterand soon) and also with other satellite
LALB products.
Cloud flagCLFG Release | 10% ¢omparison with | Overallclassification error is evaluated comparing
Def.: Cloud discrimination flag sky-camera binary SGLI derived CLFG with those derived from other
including the classification o image satellite sensors, cloud amounts collected through
cloud type and phase GTSThe Global Telecommunication Sysjeand
(liquid/solid). skycamera images.
Unit: none Stanrdard | Evaluated as the cloud| Same as the classified cloud fraction.
fraction products.
Goal Evaluated as the cloud| Same as the classified cloud fraction.
fraction products.
Classified cloud fractig@LFIR | Release | 20% s solar Overall classification error is evaluated compa
Def.: Cloud fractions for 9 clou radiation) ® SGLI derived solar radiation which is monthly ave
® types which are classified | Start dard | 15%(as solar for every 0.1 degree global grid with-gitu measureq
) based on the ISCCP radiation) ® solar radiation,skycamera images, and existing clq
é. classification rule. Goal 10% as solar fraction climatology datasets such as |IS@@H
g Unit: percent radiatior) ® International Satellite Cloud Climatology Project
Z | Cloud top temp/heigh{CLTTM | Release | 1K™ The release criterion shown in the left column
Def.: Temperature and height ¢ indicates a threshold for SGLI TIR band brightness|
cloud top layer. temperature by which the ability to sense cloud top
Unit: Kelvin for temperature, temperature is evaluated indirectly. The accuracy d
km for height TIR band is assessed through the product evaluati
process of sea surface temperature etc. Also
confirmed is the consistency of SGLI derived cloud
temperature with object analysis data of air
temperature profile over ocean in daytime.
Stan dard | 3K'2/2km > RMS error is evaluated comparing SGLI derived C
with those derived from airbone and satellite borne
Goal 1.5K7/1km

lidar and radiometer etc. for uniform liquid clouds
with moderate optical thickness.
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Ocean

radiance(NWLR
Def.: The upwelling radiance
just above the sea surface

Water-cloudoptical thicknes® | Release | 10%/30% gptial RMS error is evaluatetbmparingSGLI derived
effective radius CLOTER_W thickesgradiug CLOTER_W with those from other satellite sensors
Def.: Optical thickness and cloudsof mid-to low latitude regions (monthly
effective radius of water average).
cloud droplets Stanr dard | 100% &s cloud liquid | RMS error is evaluated comparing cloud liquid wat
Unit: none for thicknessym for water ) converted from SGLI derived CLOTER_W with tho!
radius measured with microwave radiometer on the groun
Goal 50% */20% ° Overall RMS error is evaluated comparing SGLI
derived CLOTER_W with those derived from
microwave radiometer and skyradiometer (foptical
thickness) and other satellite sensors (both param.
Ice-cloudoptical thickness Release | 30%° RMS error is evaluated comparing SGLI derived
(CLOT)I CLOT_I with those from other satellite sensors
Def.: Optical thickness of ice cloudsof mid-to low latitude regions (monthly
cloud. average).
Unit: none Stan dard | 70% ° RMS error is evaluated comparing SGLI derived
CLOT_|I with those froskyradiometers at ground
Goal 20 %° observation network and other satellite sensors.
Aerosol over the oceafAR\NP) | Release | 0.1(monthly ave. of Overall RMS error is evaluated comparing SGLI
Def.: Optical thickness, ta_670,865) derived ARV with those from other satellite sensorg
Angstrémexponent, and and climatology based on the past satellite
classification of aerosol over observations (monthly average).
ocean estimated using visible| Stan dard | 0.1(scene&ta_670, RMS error is evaluated comparing SGLI derived Al
and near infrared band. 865) with those from other satellite sensors and shipbor
Unit: none Goal 0.056cen@ta_670, in-situ observationsAERONET/Maritime Aerosol
865) Network).
Land aerosol bpearUV(ARNP) | Release | 0.15fnonthly ave. RMS error is evaluated comparing SGLI derived A
Def.: Optical thickness and ligl| ofta_380) with those from skyradiometerat ground
absorption coefficient of Stan dard | 0.156cen@ta_380) ' | observation network (Skynet, Aeronet) and other
aerosol over land estimated satellite sensors.
using neafultraviolet band. [Gaoa 0.1cen@ta_380)
Unit: none -
Aerosol by PolarizatiofARPL) | Release | 0.15(monthly ave. of RMS error is evaluated comparing SGLI derived A
o| Def.: Optical thickness, ta_670,865) with those from skyradiometerat ground
E Angstrémexponent, and Stan dard | 0.156cendta_670, observation network (Skynefieronet) and other
2| classification of aerosol 865)'7 satellite sensors for fine mode particles.
g estimated using polarization| Goal 0.1Gcen@ta_670,
< bands. 865)
Unit: none
Water cloud geometrical Release | N/A N/A
thicknesCLGT_W Stan dard | N/A N/A
Def.. Geometrical thickness of "gog 300m RMS error is evaluated comparing SGLI derived
v‘v.ater cloud. CLGT_W with those measured at the ground and f]
el space (satellite) with cloud radar and lidar
instruments.
Longwave radiation flux Release | N/A N/A
(LWRF Stan dard | N/A N/A
Def.:Longvaveradiationflux at ; _ .
the groundincluding Goal Downwzard flux: RMS error is evaluated comparing SGLI derived
downwardlongwave 10W/m2, Upward flux: mopthly averaged_ LWRF with those from ground
radiationflux and upward 15W/m” (0.1deg, radlatlonpbservatlon network (ARM, BSRN), groun
longwave adiationflux. monthly ave. observation nemork{aLTE,RlapanFLuPEN Fluxnet
Unit: W/m?2 etc.), and other satellite sensors.
Shortwave radiatiorflux Release | N/A N/A
(SWRF Stanr dard | N/A N/A
Def.: Shorvaveradiationflux Soal D - v - - .
at the groundincluding ownward.13Wz/m \ RMS error is evaluated comparing SGLI derived
downwardshortwave Upward:10W/m mqnthly averageq SWRF with those from ground
radiationflux and upward (0.1deg., monthly ave. radlatlonpbservatlon network (ARM, BSRN), groun
shortwave radiation flux. observation network{aLTEHapanFLuPEN Fluxnet
Unit: W/m? etc.), and other satellite sensors.
Normalized watefeaving Release | 60% (443~565nm) RMS error is evaluated comparing SGLI derived N

with in-situ optical measurements conducted during
simultaneous shipbservations campaign and also
comparing with other satellite products.
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Unit: W/m?Zstr/um or 1/sr

Stan dard

50% (<600nm)
0.5W/m2/str/lum
(>600nm)

RMS error is evaluated comparing SGLI derived N
with in-situ optical measurements conducted during
simultaneous shipbservations campaign.

Goal 30% (<600nm)
0.25W/m2/str/um
(>600nm)
Atmospheric correction Release | 80% {a_865) RMS error is evaluated comparing SGLI derived
param(ACH aerosol optical thickness with those fromsitu
Def.: Aerosol optical properties measurements using radiometers during
for the atmospheric simultaneous ship observatiomampaigrand also
correction over ocean. comparing with other satellite sensors.
Unit: none Standard | 509% {a_865) RMS error is evaluated comparing SGLI derived
aerosol optical thickness with those fromsitu
Goal 30% measurements using radiometers during
simultaneous ship observatiogampaign
Photosynthetically Available | Release | 20% (10knmvhonth) RMS error is evaluated comparing SGLI derived
Radiation(PAR monthly averaged PAR with those derived from
Def.: Photon fluxdensity within | St dard | 15% (10kmvhonth) mooring buoy such as NDBC, TAO/TRITON etc. a
the visible wavelength range radiation or PAR.
(400 to 700 nmpver ocean | Goal 10% (10kminonth)
which is potencially availabl
to plant for photosynthesis.
Unit: Ein/mf/day or mol
photons/m? day
ChlorophyHa conentration Release | -60~+150%dqpen sed | RMS error is evaluated comparing SGLI derived C
(CHLA with those derived from sea water samples by
Def.: Concentration of the fluorescence method or HPLC analysis and also w
green pigment in other satellite products.
phytoplankton in sea surfacq Stan dard | -60~+150% RMS error is evaluated comparing SGLI derived C
layer. with those derived from sea water samples by
Unit: mg/m3 fluorescence method or HPLC analysis.
Goal -35~+50%dpen sey,
-50~+100%0pasta)
Total SuspendedViatter Release | -60~+150%aqpen sed | RMS error is evaluated comparing SGLI derived S
conentration (TSN with thosederived from sea water samples by
Def.: Dry weight of suspended filtration method and also with other satellite
matter in a unit volume of products.
surface water which is the | Stan dard | -60~+150% RMS error is evaluated comparing SGLI derived S
sum of organics such as with those derived from sea water samples by
phytoplankton and inorganig Goal -50~+100% filtration method.
such as soil.
Unit: g/m°
Colored dissolved organic Release | -60~+150%aqpen sea | RMS error is evaluated comparing SGLI derived C
matter (CDOM with those derived from sea water samplesdptical
Def.: Light absoption coefficier] measurements and also with other satellite produc
of organics dissolved in  ['Stan dard | -60~+150% RMS error is evaluated comparing SGLI derived C
surface water. with those derived from sea water samples by optig
- Unit: 1/m Goal -50~+100% measurements.
® | Sea surface tengrature SST | Release | 0.8K @aytime only Overall RMS error is evaluated comparing SGLI
S | Def.: Temperature of sea derived SST with those derived from other satellite
surface. sensors and also comparing with those from buoy
Unit: C measurements (daytime only) obtained through GT|
and internet.
Stanrdard | 0.8K Overall RMS error is evated comparing SGLI
derived SST with those derived from other satellite
Goal 0.6K sensors and also comparing with those from buoy
measurements obtained through GTS and internet
Euphotic zone dept(EZD Release | N/A N/A
Def.: 'heseadepth where Standard | N/A N/A
photosyntheticavailable
radiation ( PAR) is 1% of its| Goal 30% (inferredrom RMS error is evaluated comparing SGLI derived EZ
surface value extinctioncoeficient) with those derived from simultaneouseasurements
Unit: m of in-water downward irradiance (isitu EZD is
determined from the slope of measured irradiance)
Inherent optical properties Release | N/A N/A
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(oR

Stan dard

N/A

N/A

Def.: Optical properties of sea
water such aspectral
absorption, scattering, and
backscatteringd2 S¥ U O
for characterizing thenarine

Goal

Absorption coefficient
@440nm RMSE<0.25
and backscattering
coefficient of

RMS error is evaluated comparing SGLI derived 1G
with those derived from simultaneous optical
measurements.

. . phytoplankton@50nm

optical envwc_)nment gnd. - RMSEO.25
remote-sensing applications

Unit: 1/m

Ocean net primary productivity Release | N/A N/A

(ONPR ~ [Standard | N/A N/A

Def.:Net primary productivity
which isgross photosyntheti¢ Goal 70% tnonthly ave) RMS error is evaluated comparing SGLI derived
carbon fixation minus the monthly averaged ONPP with those derived from
carbonrespired to support simultaneous irsitu measurements.
maintenance requirements
of the whole plant

Unit: mgC/nf/day

Phytoplankton functional type | Release | N/A N/A

(PHFY Stan dard | N/A N/A

Degh;?g:;ggﬁglngsrsssgg sv\?t:ic Goal Clas_sification error of Clgssification error is evalugtedmparingmith SGLI
have a ecological domln_ant/non-domlnan derived PHFT with the domlnanF type of
functionality in commorsuch t spesies of large/small| phytoplankton group (such a?aacnlarlophycga,e
as nitrogen fixation, phyto_plan!«on: 20%, or] Chlorophycea,ea_mdHaptophyte_letc.) determined
Ol t OAUOK GA2Y S class_lflcatlon error of fro_m the plant pigment analysis of sea water samp
DMS productiorand soon. dominant functional using HPLC.

Unit: none type in aphytoplankton

group: 40%

Redtide(RTD Release | N/A N/A

Def.: Detection of a red tid s@zndard | N/A N/A
phenomenon known as 4
algal bloom Goal 20 (as classification | Classification error is evaluated comparing SGLI

Unit: none error) derived RTD with theccurrenceof red tide events

determined by eye during simultaneous ship
observations campaign.

Multi sensomergedocean Release | N/A N/A

color parameteryMOQ Stan dard | N/A N/A

Def.: Mult:sensor merged_ Goal -35~+50%@pen se | Same as the SGLI original product (CHLA).

chrollophyta concentration

product with higher tempora| -50~+100%Goastd)
resolution than that of SGLI

original product.

Unit: mg/m®

Multi sensomergedsea Release | N/A N/A

surfacetemperature(MSST Stan dard | N/A N/A

Def.: Multisensor merged Goal 0.8K Same as the SGLI original product (SST).

seasurfacéemperature
product with higher temporal
resolution than that of SGLI
original products.

Unit: C

Snow and Ice covered area | Release | 10% ¢omparison with | Overall classification error is evaluated comparing

(SICA other satellite products| SGLI derived SICA with other satellilsne products|

Def.: Theextent of global snow and climatology of related geophysical parameters

and ice cover. derived from the past observations.

Unit: none Stan dard | 7% Overall classification error is evaluated comparing
o SGLI derived SICA with those derived from moderg
= Goal 50 and high spatial resolutiosatellite sensors and also
§ with snow and ice information obtained at ground
> stations etc.

O ["Okhotsk seaice distribution Release | 10% ¢omparison with | Overall classification error is evaluated comparing
(OKID other satellite products| SGLI derived OKID with other satellfdsme productg
Def.: The extent of sea ice in and climatology of related geophysical parameters

Okhotsk Sea. derived from the past observations.
Unit: none Stanr dard | 5% Overall classification error is evaluatedmparing

SGLI derived OKID with those derived from moder
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Goal 3% and high spatial resolution satellite sensors and alg
with ice information obtained at ship etc.

Snow and ice surface Release | 5K gomparison with Overall RMS error is evaluated comparing SGLI

Tempgerature SIST other satellite products| derived SIST with those from other satellite sensor:

Def.: Temperature of snow an and meteorological air temperatures from GTS and ice buoys, and

icesurface. measurementy climatology derived from the past observations.

Unit: Kelvin Stan dard | 2K RMS error is evaluated comparing SGLI SIST with

Goal 1K those from insitu radiometer measurements and
snow pit works, air temperatures from GTS and ice
buoys.

Snow grain size shallow layer| Release | 100%¢valuated with Overall error is evaluated comparisgsLI derived

(SNGSL climatology of SNGSL with other satelli@oducts and climatology|

Def.: Grain size of snow ice temperaturesnow derived from the past observations.

particle in shallow layer grain size relationsh)p
derived mainly from SGLI | Stan dard | 50% RMS error is evaluated comparing SGLI SNGSL w
865nm band reflectance. those from insitu radiometer measurements and

Unit: mm Goal 30% snow pit works.

Snow and ice classificati¢81@ | Release | N/A N/A

Dgf.: Classification of SNOW ant e TN/A N/A

ice cover types derived usin
spectral reflectance and Goal 10% Classification error is evaluated comparing SGLI
temperature. derived SIC with those derived from other moderat

Unit: none and high spatial resolution satellite sensors and als
with snow and ice information obtained at ground
station etc.

Snow area in forest and Release | N/A N/A

mountain(SCAFW Stan dard | N/A N/A

Def.: The extent of snow covel

in forest andmountaneous Goal 30% Classification error is evaluated comparing SGLI
region. derived SCAFM with those derived from other

Unit: none moderate and high spatial resolution satellite sensg
and also with snovinformation obtained at ground
station etc.

Snow grain size of subsurface| Release | N/A N/A

Iayer(SNQ S)S . Stan dard | N/A N/A

Def.:Grain size of snow ice

particle in subsurface layer | Goal 50% RMS error is evaluated comparing SGLI SNGSS w
derived mainly from SGLI those from insitu radiometer measurements and
1050nm band reflectance. snow pit works.

Unit: nm

Snow grain size of top layer |Release | N/A N/A

(SNGST _ [S@ndad | NIA NIA

Def.:Grain size of snow ice

particle in topsurface layer | Goal 50% RMS error is evaluated comparing SGLI SNGST w|
derived mainly from SGLI those from insitu radiometer measurements and
1640nmband reflectance. snow pit works.

Unit: nm

Snow and ice albed@&IALB Release | N/A N/A

Def.: Spectrally integrated Stan dard | N/A N/A

albedo of snow surface.

Unit: none Goal 7% RMS error is evaluated comparing SGLI SIALB wit
those from insitu radiometer measurements and
snow pit works.

Snow impurity(SNIp Release | N/A N/A

Dgf.: Ma\_ss fr_actio_n of snow Stan dard | N/A N/A

impurity mixed in snow laye
which is optically equivalent| Goal 50% RMS error is evaluated comparing SGLI SNIP with
to soot. those from insitu radiometer measurements and

Unit: ppmw snow pit works.

Icesheet surface roughness | Release | N/A N/A

(ISRGH

Def.: Surface roughness of ice| Stan dard | N/A N/A

sheets defined as the ratio d'Goal 0.05" RMS error is evaluated comparing SGLI deri@&GH

height to width of a
roughness pattern.
Unit: none

with those derived from other moderate and high
spatial resolution satellite sensors and with numeri
simulation results.
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(ISBN)

Cryosphere

Unit: none

Ice sheet boundary monitoring

Def.: Boundary line between ic|
sheets and sea surface.

Release | N/A N/A
Stan dard | N/A N/A
Goal 500m Overall bias of ice sheet boundary line is evaluated

comparing SGLI derived ISBM with those derived f
other moderate and high spatial resolution satellite
Sensors.

*Notes in this table are theame as those shown in Table 7 of the APPENDIX C.

Table 5 I&finition of the disclosure level (DL)

m — | =
O | _ | o @
Disclosure level | & | & W | % %
(AD) to be setby| 3 3 S T s Usage
data provider I8 €/l5 |35
o c | o | @
> L @ »
@ 7
1) Cal & Val of SGLI products and/or applications for Earth sciences (st
) scatter plots, statistics from which raw data cannot be reproduced) ar
L2aarofsS 2 0SS Lzt AaKSR® LG A3
EORC Internalug OK| x | x | x | x . L
onl database and the organiZah of data acquisition in the
Y acknowledgementl
2) Redistribution of the raw data is prohibited.
1) Cal & Val of GCOM products and/or applications for Earth sciences 4
possible to be published. It is necesstryagree with data provider abod
(BL) how to acknowledge the favor (e.g., including data provider asautaor|
GCoMelated Pls|l OK| OK| x | x | x | 2NJ Ay GKS +O0l1y26f SRISYSYyio IyR
only and the organization of data acquisition in the acknowledgerfient
2) Data se beyond the objectives of the GCOM mission is prohibited.
3) Redistribution of the raw data is prohibited.
1) Cal & Val of EarthCARE products and/or applications for Earth scien
possible to beublished. It is necessary to agree with data provider ah
(B2) how to acknowledge the favor (e.g., including data provider asautaor|
GCOM & ok| okl okl x | x 2N AY l.JK-S I-Olye_z”tSIRHSYS)fuu 'y R
EarthCARE Pls and the organization of data acquisition in th&kaowledgement-1.
only 2) Data use beyond the objectives of the EarthCARE & GCOM mission
prohibited.
3) Redistribution of the raw data is prohibited.
1) User registration is required.
2) Applications for Earth sciencae possible to be published. It is neces
() to submit an application form to JAXA prior to the publication. Also, it
. OK| OK| OK| OK| x &RAx x L NB ) s oA . x A 4o i\
Reg|steredusers )/SOSaaI NE U2 U2 RSaAaONRAOS UKS dz3
of data acquisition in the acknowledgemé&ht
3) Redistribubn of the raw data is prohibited.
) MO LG A& ySOS&aalNe (2 RS&EONROS |
and publishing results. It is also necessary to report the results of
Open to the publil OK | OK| OK | OK| OK PUBASAINgG yiorep
(no limitation) publication toJAXAL.
2) Redistribution of the raw data is prohibited.
*1f ol l ow the JAXAG6s policy on data wuse
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3. Instructions for responding to this RA
3.1. Qualifications

If the proposal is for peaceful purposes #adnoncommercial objectives, researcher
from all categorie®f domestic and foreign organizatiomgcluding educational institutios
government officg public companies, private enterpgsand other groups can apply for
this RA (except for students)

3.2. Research agreement conclusion

After the proposals are selected, a research agreement should be made between JAXA
and the organization to which the PI belongs, using associated terms and cotwlitions
be prepared by JAXAIn principle, the associated termand conditions of research
agreements attach@@dAPPENDIX D will be used.

All applicants should read Chapter 5 carefully, which descrile¢aildd information
on contract mattersndthe associated terms and conditiohgheresearch agreemeint
APPENDX D.

3.3. Research period

The research period for this RA is three years, beginning in JFY. Z8# contractual
period for funded contracts is one year. Contract renewal for the following years will be
dependent on performance evaluation described in éninteport released at the end of
each JFY, which decides whether the research will continue.

The contractual period for ndanded contracts is three years. However, JAXA reserves
the right to cancel contracts in the event of research cancellatioh, ig/kietermined on the
basis of the interim report released at the end of each JFY.

3.4. Resources
(1) Funding

JAXA will reserve funds to support selected propoddis. asic policy for funding is as
follows:

A) Based on the purpose of this RA, funding will be mainly availabl&©OM-C
algorithm development and validation wi t hi n J AX A& Bropbsaldd g e t
submitted to other areas may be funded if they pravgigstantial contribution to
the GCOM mis®n.

B) JAXA funding is basically restricted to domestic Pls, although some exceptions
may be made for research that is necessary to the success of the GCOM mission.

C) JAXA funding is restricted to the direct cost of research (  dDirect Cost ¢ and
does not bear any overhead costs, indirect costs, general costs, or whatsoever
(0Overhead Cost @ of the organization to which an applicant belongs, provided
however that, if this is not acceptable to the research organization due to its
regulation, it may not be applied when an applicant fills in the prescribed
remarks column of the Resource Requirement (Appendix B) as such and
presents an evidential document, such as a copy of the regulation, for
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justification. In addition, JAXA does not approve the research organizat ion to
provide JAXA funding for other PI ( dOther PI § selected through JAXA & RA,
with exception that such Other Pl acts as a Cl under a research project of the
research organization.

D) If funding is not available for an applicant, the applicant may betedles a
nonfunded Pl upon consultation with JAXA.

(2) Earthobservatiorsatellitedata by JAXA

Earth observation satellite datacessary for conducting research and owned by JAXA

will be provided free of chargeithin the limitatiors of the distributioncapability of

JAXA. Available data are listed in APPENDIX B. Those who receive Earth observation
satellite data shall corhpwith the terms and conditions describedha daptertitled
AProviding of Earth Obsiethewesdaickgreem&bat el | i t e

3.5. Obligations
Pls have different obligations depending on thiindingstatus

(1) FundedPIs shall submitto JAXA a yearly report on the results at the end of each
JFY anda final report athe end of the entire research period. Furthernfareled
Pls arerequired to participate in the workshop organized by JAXA once a year and
presenta status report. BlImustcover necessary travel expessgparticipat in the
workshop withinthefunds provided by this RA.

(2) Non-fundedPIs shall also submit a yearly report and a final report. However, such
reports can be substituted with papers published during theRartitipation in the
workshop is highly recommended. Support of travel expende be decided by
JAXA on a caséy-casebasis depending on the research content, results, and its
progress.

3.6. Selection

Selection of proposals will be based on a eelew process and discussions in
science/project evaluation board®\XA selecton officials make the final decisions. The
principal elements considered in evaluating a proposal are its relevance to the objectives,
intrinsic merit and cost. Evaluation of its intrinsic merit includes consideration of the
following equally important facrs

(1) Overall scientific and technical merit of the proposal or uniquaranaativemethods,
approaches, or concepts demonstrated by the proposal

(2) Proposgrds capabilities, related experience, facilities, techniques, or unique combinations
of these that anategral factors for achieving the proposal objectives

(3) Qualifications, capabilities, and experience of the proposed Pl and Cl
(4) Overall standing among similar proposals and/or evaluation against thef-stesart
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3.7. Late proposals

Proposals or modificatigreceived after the date specified in this RA may be considered if
the selecting official deems them to offer JAXA a significant scientific and/or technical
advantage or cost reduction.

3.8. Withdrawal of proposal

Proposals may be withdrawn by the applicanarey time. To withdraw a proposal, the
applicant should notify JAXA immediately.

3.9. Cancellation and postponement

JAXA reserves the right to canoet postponehis RA for reasons ofl A X#\awn In
addition, JAXA assumes no liability for canceling this RA for postponing this RA
schedule.

3.10. Important dates

August31, 2015 FourthResearch Announcemdssued
November 1, 2015 Proposal Due Date
January 2016 Notification of Selection Resul{3BD)

3.11. Proposal submission and contact point

Proposals with complete sets of attachments, such as reprints of papers, should be
converted t?DF (Portable Document Format) and sent via Hnail to the GCOM RA
Office. Themaximum file sizeacceptabléy E-mail is10 MB.

GCOM RA Office Email addressGCOM_RA@m.jaxa.jp

In case of difficulty sending via-Balil, five copieseachof the proposal andhe complete
set of attachments should be sent via postal mail to:

GCOM RA Office

Earth Observation Research CefEEDRC)
Tsukuba Space Center

Japarmerospace Exploration Agency

2-1-1 Sengen, Tsukuba, Ibaraki, 38505, Japan

The point of contact is:
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GCOM RA Office

Earth Observation Research Center
Tel: +81-50-33626529

Fax: +81-29-8682961

E-mail addressGCOM RA@ml.jaxa.jp
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4. Instructions for proposal contents
4.1. General

(1) Proposals received in response to this RA will be used only for evaluation purposes.
(2) The following types of proposals are not acceptable:
A) Proposals that include restrictiofrem other institutionsor have the potential
to infringe on third-party right
B) Proposals that are restricted when distributed or published
(3) Proposals will not be returned to applicants.

4.2. Format

(1) It is highly recommended that applicants send their proposals and complete sets of
all attachments, such as reprinfgapers, irPDF via E-mail.
(2) Forms for the cover sheet, work plaffort allocation,and resource requirements
can be found in RPENDIX A and APPENDIX BOnly the followingformating is
mandatory irother parts of the proposal
A) The page or paper size shouldAskor letter size
B) The page number must appeabattom centeof each page, and the name of
the applicant must appear in the upper right corner.
C) Proposals should beord-processed documentsn eitherEnglish or Japanese
with afont size no smaller than 12 points
(3) Proposals should be brief and to the point, concentrating on substantive material.
The main body of the proposal should not exceed 20 pages. Necessary detailed
information, such as reprints, should be includedattachments. A complete set of
attachments must accompany each copy of a propdsah submitting via postal
mail.

4.3. Proposal contents

(1) Cover sheet
A) Research title
State your research title precisely and clearly. The title should be brief,
reflecting an gsecially valid project intelligible to a sciendieerate reader and
suitable for use in the public process.
B) Research category
Choosearelevant category to which the proposal belongs.
C) Information of applicants
- ldentifying information otthePI
State thename, job title, organization, addressimiail address, and telephone
and facsimile numbers of the PI.
- ldentifying information otthe Co-investigator
State the name, organization, telephone number, amdiEaddress of each
Co-investigator (CI).JAXA does't use provided personal information except
for purposeselating to this research announcement.
One research team should consist of only one PI, or one Pl and several Cls.
D) Budget
Providea budget broken down by year atiektotal amount in Japanegen.
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E) Endorsement
Provide a gnature of a responsible official or authorized representative of the
proposing organization.

(2) Abstract
Include a concise, oAgage abstract describing the objective, significance, method
of approach, and anticipated results.

(3) Desciption of proposal
This is the main body of the proposal asttbuld not exceed 20 pagé&his main
body shall be a detailed statement of the work to be undertaken, including its
objectives and significance, relation to the present state of knowledgeglatioin
to previous work done on the project and to related work in progress elsewhere. The
statement should outline the plan of work, including the broad design of
experiments to be undertaken and a description of experiment methods and
procedures. Therpject description should address the evaluation factors in these
instructions and any specific factors in the RA. Any substantial collaboration with
individuals not referred to in the budget or use of consultants showdddoeibed.
Subcontracting signidant portions of a research project is discouraged.

(4) Work plan Research schedule)
The research schedule should be outlined in the form indicated in APPENDIX A.

(5) Effort allocation
Provide effort allocation for currently proposed and/or ongoing research funding
including those of other JAXA satellite projectsclude the name of research
funding, period, research title, role, budget, and difference from the present proposal
in the formin APPENDIX A. The effortallocation should be provided with a
percentage of time allocation (%) necessary for implementing each research activity
(assuming the entire yearly working tirae 100%)for the research period of this
RA.

(6) Management approach
For large or complex efforts involving interactions among numerous individuals or
other organizations, plans for distribution of responsibilities and arrangements for
ensuring a coordinated effort should be described.

(7) Personnel

A) Biographical information, expesnce, papers in related fields
A short biographical sketch, a list of publications, experiences related to this RA,
and professional qualifications of the Pl should be included. Also provide
similar biographical information on each CI.

B) Role of CI
The Pl isresponsible for supervising the work ahe Cls in the research. State
each Cgs role in the proposed research.

(8) Resource requirements
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Resource requirements should be described in the form indicated in APPENDIX
Information regarding required resouroegl be considered during the selection
process. After deciding the total amount of funding for each PI, JAXA will send
detailed forms for resource requirements to selectedoPtbe final adjustment of
funding Before the beginning of eacdubsequenyear, JAXA will send the same
forms for resource requirements agdimstructions forthe budget summary and
data request are also included in APPENBIX
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5. Description of research agreement
5.1. Contractual procedure

(1) After selecting the proposal and the PAXA will send the PI guidelineand an
application form for making an agreement. Please note that JAXA will make an
agreement with the organization to which the PI beldfifpe Organizatiod), not to
the Pl or CI.

(2) A research agreementll be madeusingassociated terms and conditions, sash
those INAPPENDIX D. The Organization should submit the application fowrth
the necessary documenaccording to the guidelines by the submission due date.
Submission of the application form will be regarded efénde intention of making
an agreement with JAX#A accordance with the terms and conditions as stipulated
in APPENDIX D, and the agreement will be effective upon issuance of the
confirmation sheet by JAXA.

(3) If JAXA determines that extension of a reseapcbject isqualified by the interim
report at the end of th#Y, the research agreement will be extended for 1 pedlr,
up to March 31, 2Q9. Funded organizatios should submit the continuing
agreement application form to JAXA at theginningof everyJFY.

(4) Organizatios shall comply with the terms and conditions definedhe research
agreement

(5) A special agreement will be contracted separately for cases in which certain articles
cannot be applied to foreign organizations and institutions owimgstioictions of
the respective countries.

5.2. Researchagreement summary

There aretwo types of research agreements based on the applicable category of
research: aCommissioned Research Agreemeand a Collaborative Research
Agreement. There are also two tgpd Collaborative Research Agreemefunded by
JAXA andnot funded

(1) Commissioned Research Agreemninded)

- In principle, the Commissioned Research Agreement will be applied to research in the
AGCOM-C algorithm development (standard algoritbncpategory. The Qganization
shall conduct the research according to the Statement of Work provided by JAXA.

- JAXA will provide the necessary funds and Earth observation satellite data to the
Organization to conduct the research as described in the Statement of Work.

- JAXA will own the esearchresults required to be delivered by the Statement of Work
(Deliverable Research Results).

- JAXA will retain royaltyfree righs to useresearch results other thére Deliverable
Research Results only for its own research and development purposes.

- In the event JAXA provides prior written consent, the Organization maythase
Deliverable Resarch Results for its own research and development purposes.

- If the Agreement is terminated, the Organization will refund to JAXA any unexpended
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research fundhathave already been paid by JAXA.

JAXA will adjusttheamount of the research fugloasecbn a fiscal financial statement at
the end ok yearon-year contract.

(2) Collaborative Research Agreement (FundedAlorded)

In principle, the Collaborative Research Agreement will be applied to reseasc
categoryfother than GCOM-C algorithmdevelopment (standard algorithm)

JAXA will provide the necessary funds (féunded case) and Earth observation satellite
data to the Organization to conduct the research.

In principle, theresearchiesults willbe jointly owned by thearties.

JAXA will retain the right to use all results including results belonging to the
Organization(if any), and the Organization will retain the right to ysmtly-owned
researchresultsonly for its own research and development purposéout prior
consenby theotherparty.

The dfference betweeafundedagreement and neflanded agreement

- Collaborative Research Agreement (Fead

JAXA provides part of the research funds and the Earth observation satellite data.

JAXA adjuststhe amount of the research funds based on a fiscal financial
statement at the end afyearonyear contract. The Organization shall submit an
interim report and a final report to JAXAand shalparticipate in the workshops to
report research progresk.this agreement is cancelethe Organization shall
refund to JAXA any unexpended furtigthave already been paid by JAXA.

- Collaborative Research Agreement (Nomded)
JAXA provides the Earth observation satellite dateae Organization shall
submit an interim report and a final report to JAXA. However, such reports
can be substituted with papers published during the research term.
Participation in the workshops is highly recommended.

(3) Publication of results

A Pl who wishes to release his or her reseaeshltsderived fromtheseresearch
activitiesto a third party shall

- Provide JAXA with a copy of the publication before release and obtain GA\XA
consent

- State in the publication that the resalts obtaineth this RA research, and
- Grant JAXA an irrevoable and royaltjree right to use the provided publications,

unless an academic society responsible for its publication requires the PI to transfer

the copyright to it.
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APPENDIXA
PROPOSAL COVER SHEET AND SCHEDULE



Proposal Cover Sheet

JAXA GCOM Research Announcement

Proposal No.

(Leave Blank for JAXA Use)

Title

Research category (check one)

GCOM-C: [JAlgorithm (Standard) [ JAlgorithm (Research) [ ]Validation

Multi -Sensor: [ JAlgorithm [ ]Application

[]Application

Principal Investigator

Name

Job Title

Department

Institution

Address

Country

E-mail

Telephone

Facsimile

Co - Investigator

Name

Institution

Telephone

E-mail

Budget (yen inthousands) (Direct Cost only)

JFY2016

JFY2017

JFY2018

TOTAL

Authorizing Official:

(Leave Blank for JAXA Use)

(Name and Title)

A-2

(Institution)
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Research Schedule

JFY

2016

2017

2018

Month

7-9

10-12

1-3

7-9

10-12

1-3

7-9

10-12

1-3

Milestone

Activities




Application for Research Funding, the Current State of Funding and Effort

(1) Research Fundingpplied for

Funding
System
e.g., JAXA,
JSPS etc.

Research Title
(PI name)

Role
e.g.,Pl
or Cl

Budget
(throughout
the period)
(thousands

of yen)

Effort
(%)

Differences in Research and
Reasons for Additional
Application for This Research

(About this research]

GCOMG6"RA
(JFY2036-18)

(2) Research Funding to Be Provided

(3) Other activities

Total

(Total of the effort in (1), (2) and (3) above)

100
(%)
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RESOURCE REQUIREMENTS

B-1



BUDGET SUMMARY
Direct Cost only

1. Personnel Expenses (unit: yen in thousands)

2016 2017 2018 Total
2. Purchases

2.1 Computers / Peripheral Equipment (unit: yen in thousands)
ITEM 2016 2017 2018 Total

2.2 Software (unit: yen in thousands)
ITEM 2016 2017 2018 Total

2.3 Expendable Materials and Supplies (unit: yen in thousands)
ITEM 2016 2017 2018 Total

3. Subcontracts (unit: yen in thousands)
ITEM 2016 2017 2018 Total




4. Travel Expenses (unit: yen in thousand )
Departure Point Destination 2016 2017 2018 Total
(number of travelers)

5. Observation Equipment (unit: yen in thousands)
ITEM 2016 2017 2018 Total

6. Satellite Data (unit: yen in thousands)
Name of

Cost
Satellite / Distributor Purpose
Sensors 2016 2017 2018 Total

7. Other Data (unit: yen in thousands)

Name of Distributor Purpose Cost
Data Sets P 2016 2017 2018 Total

8. Others (unit: yen in thousands)

ITEM 2016 2017 2018 Total

TOTAL (unit: yen in thousands)

*Remar ks AOverhead Costo (qg. v. 3.4(1)C) of t

Please check either of the following boxes:

~

| Unnecessary

| Deductible with special procedures (e.g. submission of certain application form from JAXA)
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~

Indispensable (Reason(s)y
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BUDGET SUMMARY ( EXAMPLE )

1. Personnel Expenses (unit: yen in thousands)
2016 2017 2018 Total
Part -time job for DSD data analysis 320 160 800| 1280

(40x8)|  (20x8)| (100x8)

2. Purchases

2.1 Computers / Peripheral Equipment (unit: yen in thousands)
ITEM 2016 2017 2018 Total

2.2 Software (unit: yen in thousands)
ITEM 2016 2017 2018 Total

2.3 Expendable Materials and Supplies (unit: yen in thousands)
ITEM 2016 2017 2018 Total

8mm-tape (112m) 50 50 50 150

CD-R 100 120 120 340

MO (640MB) 15 10 10 35

A4 Paper (package of 500 sheets) 2 1 1 4

CD-RW Drive 50 50

3. Subcontracts (unit: yen in thousands)
ITEM 2016 2017 2018 Total

Software developmenfor DSD datal 1,500 600 600 2,700

analysis




4. Travel Expenses (unit: yen in thousand )

Departure Point Destination 2016 2017 2018 Total
(number of travelers)
Tokyoi Washington, D.C(1 person) 600 600
Tokyoi Paris (1 person) 650 650 1,300
Tokyoi Paris (1 person) 650 650 1,300
Tokyoi Osaka(1 person) 35 35

5. Observation Equipment (unit: yen in thousands)

ITEM 2016 2017 2018 Total
Micro Rain Radar 1,500 1,500

6. Satellite Data (unit: yen in thousands)
Name of

Cost
Satellite / Distributor Purpose
Sensors 2016 2017 2018 Total

7. Other Data (unit: yen in thousands)

Name of Distributor Purpose Cost
Data Sets N 2016 | 2017 | 2018 | Total
8. Others (unit: yen in thousands)
ITEM 2016 2017 2018 Total

TOTAL (unit: yen inthousands) | 4,787 [2,241 [2266 [9294 |
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JAXA DATA REQUIREMENTS

1. JAXA -Archived Satellite Datasets
(JERS-1, ADEOS, TRMM, GPM, Aqua, ADEOS-Il, GOSAT, GCOM-W, GCOM-C, ALOS,
ALOS-2)

Name of Satellite / Sensor Quantity Purpose
(scenes)
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B.1 Instructions for budget summary

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 Japaakgedis
as in the example attached to this form. An annual summary budget should also appear on the
last line

(1) Personnel expenses
Enter expenses for pdaitne workers here as the total cost calculated by multiplying the unit
cost per day by the numberdadys. For paftime 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 tr@eost 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 the proposed domesticdam international travel including information on
destination and number of days/numbetiroies (or travelers)
(6) Observation equipment
Enter costs of observation equipment including installation cost.
(7) Satellite data
Investigators requesting satellite dataer than JAXAowned 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-owned satellite data includ8RMM data and other satellite data listed beld®XA
will provide requested data judged necessary for the proposed research, subject to availability of
data processing.

- Japanese Eth Resources Satellite (JER@)obal)

- Advanced Earth Observing Satellite (ADEOS)

- Tropical Rainfall Measuring Mission (TRMM)

- Global Precipitation Measurement (GPM)

- Advanced Microwave Scanning Radiometer for EOS (AMSRaboard EO&\qua
Satellite

- Advanced Earth Observing Satellitg ADEOSI)

- Greenhouse Gases Observing SatdlB®SAT)

- Global Change Observation Missielvater (GCOMW)

- Global Change Observation Missieflimate(GCOM-C)

- Advanced Land Observing Satellite (ALOSP(sceneper yearfrom JAXA archives)

- Advanced Land Oderving Satellit€2 (ALOS-2) (50 scenesper yearfrom JAXA
archives)

Data availability can be checked on JAXAOs
Service (linked from EORC website, http://www.eorc.jaxa.j@balt/distributionhdex.html).
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APPENDIXC

OVERVIEW OF THE GLOBAL CHANGE OBSERVATION
MISSION (GCOM)
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1. Introduction

Comprehensive observatiomnderstanding, assessment, and prediction of global climate change are
common and important issues for all mankind. This is also identified as one of the important
sociceconomic benefits by the 4@ar implementation plan for Earth Observation that was adopted by
the Third Earth Observation Summit to achieve the Global Earth Observation System of Systems
(GEOSS). International efforts to comprehensively monitor the Earth by integrating varioutesatell
in-situ measurements, and models are gaining importasca.contribution to this activity, the Japan
Aerospace Exploration Agency (JAXA) plans to develop the Global Change Observation Mission
(GCOM). GCOM will take over the mission of the Advanégaith Observing Satellité (ADEOS-II)
and develop into lonrterm monitoring of the Earth.

As mentioned in the fourth assessment report of the Intergovernmental Panel on Climate Change
(IPCC), warming of the climate system is unequivocal as is now ettidenbbservations of increases in
global average air and ocean temperatures and widespread melting of snow and ice. However, climate
change signals are generally small and modulated by natural variability, and are not necessarily uniform
over the Earth. Rerefore, the observing system of the climate variability should be stable, and should
cover a long term over the entire Earth.

To satisfy these needs, GCOM consists of two mediam polaorbiting satellite series and multiple
generations (e.g., thregenerations) with ongear overlaps between consecutive generations for
intercalibration. The two satellite series are GC@WM (Water) and GCOMC (Climate). Two
instruments were selected to cover a wide range of geophysical parameters: the Advancedéviicrowa
Scanning Radiomet& (AMSR2) on GCOMW and the Secongeneration Global Imager (SGLI) on
GCOM-C. The AMSR2 instrument will perform observations related to the global water and energy cycle,
while the SGLI will conduct surface and atmospheric measutsmelated to the carbon cycle and
radiation budget. This chapter presents\ameew of the mission objectives, observing systems, and data
products of GCOM.

2. Mission Objectives
The major objectives of GCOM can be summarized as follows.

- Establish and demonstratglobal longterm Earthobserving system for understanding climate
variability andthewaterenergy cycle

- Enhancehecapability of climate prediction and provide information to policy makers through
process studies and modaprovements in concert with climate model research institutions

- Constructacomprehensive data system integrating GCOM products, other satellite datasiand in
measurements

- Contribute to operational users including weather forecasting, fishery,aaitin® agencies by
providing neareattime data

- Investigate and develop advanced products valuable for understanding of climate change and water
cycle studies.

Detailedexplanatios of the objectives are as follows.

(1) Understanding global environmentasiges
A) Establish and demonstrate global longterm Earthobserving system that is able to
observe valuable geophysical parameters for understanding global climate variability and
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water cycle mechanisms.

B) Contributeto improving climate prediction models Iproviding accurate values afodel
parameters.

C) Clarify sinks andsourca of greenhouse gases.

D) Contribute to validating and improving climate prediction models fogyming a
collaborative framework with climate model institutions and providing -emm
gehysical datassto them.

E) Detect trends of global environment changes (e.g., global warming, vegetation changes,
desertification, variation of atmospheric constituents, wide area air pollution, and depletion
of ozone layers) from lonterm variability of geophysical parameters by extracting
shortterm three to six-year) natural variability.

F) Advance process studies of Earth environmlesttanges using observation data.

G) Estimate radiative forcing, energy and carbon fluxes, and albedo by combining satellite
geophysical parameters, grounesitu measurements, and models.

H) Advancethe understanding of the Eailsystem through the activities above.

[) Contributeto aninternationalenvironmental strategy utilizing the results above.

(2) Direct contribution to impraing peoplés lives
A) Improvement of weather forecast accuracy (particularly typhoon track prediction, localized
severe rain, etc.).
B) Improvement of forecast accuracy for unusual weather and climate.
C) Improvement of wateroute and maritime information.
D) Provision of fishery information.
E) Efficient coastal monitoring.
F) Improvedyield prediction of agricultural products.
G) Monitoring and forecasting air pollution including yellow dust.
H) Observation of volcanic smoke and prediction of the extent of the impact.
I) Detection of forest fires.

3. Observing Systems
3.1. Overall concept

As mentioned irthe previous section, the entire GCOM will consist of two satedkgsspanning
three generations. Howevearbudgetwill be approwedfor eachsatellite.Currently, only theGCOM-W
satellite has been launched as the first satellite in the GCOM seriesGBa@M-W and GCOMC
satellites will be mediursize platforms that are smaller titae ADEOS || satellite. This is to reduce the
risk associated with large platfosrhavingvaluable and multiple observing instruments. Also, since the
ADEOSII problem was related to the solar paddejual solarpaddle design was adopted for both
satellites. To assure data continuity and consistent calibration, fofisatellits will be launcledso as
to overlap the preceding satelllig one yearThe concept is summarized in Fig

May 18 2012

1-year
| GCOM-W | «—
Launch
Launch

Fig. 1. GCOM concept
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3.2. GCOM-W and AMSR2 instrument

Figure 2 presents arverview of theGCOM-W satellite its major characteristicare listedin
Table 1.GCOM-W will carry AMSR2 as the solenboardmission instrument. The satellite will
orbit at analtitude of about 700km analill have amnascending nodecal timeof 13:30, tomaintain
consistency with Aqua/AMSIE observations.

Fig. 2. Overview ofGCOM-W satellite

TABLE 1

MAJOR CHARACTERISTICS OFGCOM-W SATELLITE
Instrument Advanced Microwave Scanning Radiome2dAMSR?2)
Orbit Sunsynchronous orbit

Altitude: 700km (over the equator)

Size 5.1m (X)* 17.5m (Y) * 3.4m (Z) (on-orbit)
Mass 1991kg
Power More than 3880W (EOL)
Launch May 18, 2012 by HIA Rocket
Design Life 5 years
Status PhaseD

Figure 1 presents an overview of the AMSR2 instrument in two different conditions. Also, basic
characteristics including center frequency, bandwidth, polarization, instantafieldusf view
(FOV), and sampling interval are indicated in Table 2. The asicept is almost identical to that
of AMSR-E: a conical scanning system with a large offset parabolic antenna, feed horn cluster to
realize multifrequency observation, external calibration with two temperature standards, and
totalpower radiometer systes. The 2.0m diameter antenna, which is larger than that of AEISR
provides better spatial resolution at the same orbit altitude of around 70@knantenna will be
developedbased orthe experiencgained fromthe 2.0mdiameter antenna for ADEGIE AMSR
except the deployment mechanisfor the CGband receiver, we adopted additional 7.3GHz
channels for possible mitigation of radi@quency interference. An incidence angle of 55 degrees
(over the equator) was selected to maintain consistency with ARISRe swath width of 1450km
and the selected satellite orbit wildl provi de
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within two days independently for ascending and descending observations.

Fig. 3.Sensor unit of AMSR2 instrument in depéay(left) and stowed (right) conditions.

TABLE 2
MAJOR CHARACTERISTICSOF AMSR2INSTRUMENT

Parameter Performance and characteristics
Center Frequency (GHz) 6.925/7.3 10.65 18.7 23.8 36.5 89.0
Bandwidth (MHz) 350 100 200 400 1000 3000
Polarization Vertical and Horizontal polarization
NEDT (K) * <034/0.43| <070 | <070 [ <060 | <070 | <1.20/1.4¢
Dynamic range (K) 2.7 to 340
Nominal incidence angle (deg.) 55.0 55.0/54.5°
Beam width (deg.) 1.8 1.2 0.65 0.75 0.35 0.15
IFOV (km) Crosstrack xalongtrack 35x62 24x42 14x22 15x26 | 7x12 3x5
Approximate sampling interval (km) 10 5
Swath width (km) > 1450
Digital quantization (bits) 12
Scan rate (rpm) 40

3.3. GCOM-C and SGLI instrument

Figure 4 gives an overview of the GC@Msatellite; its majocharacteristics are listed in Table 3.
GCOM-C will carry SGLI as the sole mission onboard instrument. The satellite will orbit at an altitude of
about 800km; the descending node local time will h8.Go maintain avide observation swath and
reducecloudinterferenceover land.
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TABLE 3
MAJOR CHARACTERISTICS OFGGCOM-C SATELLITE

Instrument Seconegeneration Global Imager (SGLI)
Orbit Suns_ynchronous orbit

Altitude: 798&m (over the equator)
Size 4.6m (X) *16.3m (Y) * 2.8m (Z)on orbit)
Mass 209%g
Power More than 400@/ (EOL)
Launch JFY20%6 by H-11A Rocket
Design Life 5 years
Status PhaseC

The SGLI instrument has two major new features: 250m spatial resolution for most of the visible
channels andpolarization/multidirectional observation capabilities. The 250m resolution will
provide enhanced observation capability over land and coastal areas where the influences of human
activity are most obvious. The polarization and multidirectional observatidhenable us to
retrieve aerosol information over land. Precise observation of global aerosol distribatikey for
improving climate prediction models.

SGLI consists of two major components: the Infrared Scanner (IRS) and the Visible and
Nearinfrared Radiometer (VNR)AN overview of the SGLI instrument is shown in Figfor the
entire radiometer layout, IRS, and VNR components. Also, requirements for sensor perfamance
listed in Tabls 4 and 5. VNR can be further divided into two compone¥i$R-Non Polarized
(VNR-NP) and VNRPolarized (VNRP). VNR-NP and VNRP are the lthannel multband
radiometer and the polarater withthreepolarization angles (0, 60, and 120 degrees). \INRas a
tilting function to meet the scatter angle requiremiain aerosol observationhe IRS is an
infrared radiometer coveringgavelengthdrom 1 ¢ m t o. It oRsists of short infrared (SWI
1.05 to 2.21em) and ther mal iltrerhplogsa seashning mitrdR 1 0 .
system witha 45-degreetilted flat mirror rotating continuously to realiza 80-degree observation
swath and calibration measurement in every scan.

Through intensive discussions and optimizing studibs, number of SGLI channels was
decreased from the 36 channels of Ghbard ADEOSII to 19 channels while the number of
SGLI standard products will increase comparethtseof GLI.
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VNR Electronics

IRS Electronics

Earth direction

Orbit direction l

Diffusion plate

for sun calibration

Deep space window Sul

Fig. 5. Overview of SGLI radiometer layout (upper), IRS instrument (ldefex, and VNR radiometers
(lowerright).

TABLE 4
SGLI MAJORPERFORMANCEREQUIREMENTS

ltem Requirement
Spectral Bands VNR-NP :11CH 380-865nm

VNR -P : 2CH 673.5, 868.5nm / 0, 60, 120deg Polarization

IRSSWI :4CH1.05-2. 21T m

IRSTIR : 2CH 10.8, 12.01m
Scan Angle VNR-NP : 70deg (Push broom scanning)

VNR-P : 55deg (Push broom scanning)

IRS SWI/TIR :80deg (45deg rotation mirror scanning)
Swath width 1150km for VNR -NP/P

1400km for IRS SWI/TIR
I nstantaneous field of view VNR -NP :250m
(IFOV) at nadir VNR -P : 1000m

IRS SWI : 250m(SW3CH), 1000m(SW1,2,4CH)

IRSTIR : 500m (250m: option)
Observing direction +45 degrees in along track direction for VNR  -P

Nadir for VNR -NP, IRS SWI, and IRS TIR
Quantization 12bit
Absolute Calibration Accuracy |V NR I®RBS% : Tl 5% : 00. 5K
Life time 5 Years
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TABLE 5
SGLI OBSERVATION REQUIREMENTDETAILS

CH o EE IFOV SNR L (for SNR)
nm: VNR, IRS SWI m SNR: VNR, IRS SWI Wim sr [ ¢
€Em: I RS TI | N E qff): IRS TIR

VNR-NP VN1 380 10 250 250 60

VN2 412 10 250 400 75

VN3 443 10 250 300 64

VN4 490 10 250 400 53

VN5 530 20 250 250 41

VN6 565 20 250 400 33

VN7 673.5 20 250 400 23

VN8 673.5 20 250 250 25

VN9 763 12 250 1200 (@1kmIFOV) 40

VN10 868.5 20 250 400 8

VN11 868.5 20 250 200 30

VNR-P P1 673.5 20 1000 250 25
P2 868.5 20 1000 250 30

IRS SWI SW1 1050 20 1000 500 57

SW2 1380 20 1000 150 8

SW3 1630 200 250 57 3

SW4 2210 50 1000 211 1.9

IRSTIR T1 10.8 0.74 500250 0.2 300 (K)

T2 12.0 0.74 | 500250 0.2 300 (K)

4. Products

Geophysical products made available ®EOM-W and GCOMC are listed in Tabke6 and 7.

There are two categories of data products: standard product and research prodiihdard

product is defined aa product with proven accuradyat isto be operationally processed and
distributed.In contrasta firesearch product isa prototype fora standard product and processed

on aresearch basi®oth tablesndicatestandard products witshadng.
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GEOPHYSICALPRODUCTS OFGCOM-W

TABLE 6

) Accuracy*
Product Areas Clind Release Range
(km) Standard Goal
threshold
Vertically integrated (columnar) water vap
V\Ilgtt(;?r\?atggr O\g?gslean 15 +35kg/nt | +3.5kg/nt | +2.0kg/nt | 0-70 kg/nf | amount. Except sea ice and precipitating areas
Integrated Global Vertically integrated (columnar) cloud liqu
cloud liquid overoofean 15 +0.10 kg/nf | £0.05 kg/n? | £0.02 kg/n? | 0-1.0 kg/nf | water. Except sea ice and precipitating areas.
water
.| Global except Ocean +50 Y Ocean 5094 Ocean +20%] Surface precipitation rate. Accuracy is defineg
Precipitation d latitud 15 Land +1_20 od Land +1_20 od Land +§O % 0-20 mm/h | relative error (ratio of roetneansquare error t
cold lautudes and £ g Land = 4 Land £30 % average precipitation rate) in 50km grid averag
Except sea ice and precipitating areas. (
tSea Surftace Global, 50 +0.5°C +0.5 °C +0.2 °C -2-35 °C | accuracy is defined as monthly mean bias errq
emperature)  over ocean 10 degrees latitudes.
Except sea ice and precipitating areas.
S_ea surface Global, 15 +1.5m/s +1.0 m/s +1.0 m/s 0-30 m/s
wind speed| over ocean
Sea ice Polar region Accuracy is expressed in absolute value of se,
. ’ + 0 + 0, +5 0 - 0, i
concentratiol  over ocean 15 +10 % +10 % 5% 0-100 % | concentration (%).
Except ice sheets and dense forest areas. Acc
Snow depth Land 30 +20 cm +20 cm +10 cm 0-100 cm |is expressed isnow depth and defined as me
absolute error of instantaneous observations.
Volumetric water content over global land ar
including arid and cold regions, except ar
Soil moisture| Land 50 +10 % +10 % +5 % 0-40% |covered by vegetation with 2kgfm water

equivalent. Accuracy is defined as mean absq
error of instantaneous observations.

1 Accurag is defined aroot-meansquare ermoof instantaneous valseinless otherwise statefissumed validation methodologies

are not explained here.
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TABLE 7

GEOPHYSICALPRODUCTS OFGCOM-C (1/3)

Area (Group Product Categor|Developer  [Day/night Production unit Grid size Release thresholig Standard accuracy Target accuracy?
'VNR,SWI Land/coas
o . TIR and land o50m, VNR,SWI: 5% (absolute), [VNR,SWI: 3% (absolute),
g TOA radiance 2.2mm: both, offshore: 1km Radiometric 5%absolute}3[1% (relative)*3 0.5% (relative)3
Radi includi i t{Standar JAXA S - ’ A . :
3 [odenee ggﬁgct'i';%) system geome dO:;ﬁrrn\g\éTSfevc\f; cene polarimetory:1km  |Geometric<lpixel TIR: 0.5K (@300K) TIR: 0.5K (@300K)
S ; TIR Land/coast: 500n Geometric<0.5 pixel Geometric9.3pixel
operation) offshore: 1km
Precise geometric correctiolStandar JAXA Both :f';tﬁ)mbal (mosaic 18days, |>50m <lpixel <0.5pixel <0.25pixel
Surface -
Atmospheric corrected - — -
reflectance . . . 0.3 (<=443nm), 0.1 (<=443nm), 0.05 (<=443nm),
reflectance (incl. cloud Standar JAXA Daytime Tile , Global (1,8 days, th) [250m * " "
detection) ( v lle  Global (1.8 days, month) 0.2 (>443nm) (scendy  |0.05 (>443nm) (scendY  |0.025 (>443nm) (scend)
. 0, . 0, . 0, . 0, . 0, . 0,
Vegetation index Standarl  PI/JAXA Grass: 25% forest: 20%Grass: 20%forest:15% Grass: 10% forest: 10
Daytime Tile , Global (1,8 days, month) [250m (scene) (scene) (scene)
fAPAR Standar{ JAXA/PI vt ' (18days, ) Grass50%, forest: 50%  |Grass:30%, forest:20%  |Grass20%, forest10%
\Vegetation |Leaf area index Standar{ JAXA/PI Grass50%, forest: 50%  |Grass30%, forest:30%  |Grass20%, forest20%
land carbon |Above-ground biomass Standar 1km Grass50%, forest: 100% |Grass:30%, forest50% Grass:10%, forest20%
cycle \Vegetation roughness indexStandar 1km Grass and forest: 409%Grass and forest: 20%Grass and forest: 109
9 g Kajiwara |Daytime Tile , Global (1,8 days, month) (scene) (scene) (scene)
-
® ; Grass and forest: 309%Grass and forest: 20%Grass and forest: 109
3 Shadow index Standar 250m, 1km (scene) (scene) (scene)
emperatur{Surface temperature tandar oriyama |Botl Tile , Global (1,8 days, month) m <3.0K (scene <2.5K (scene <1.5K (scene
Temp Surf p Standar| Moriy. Both 500 3.0K ( ) 2.5K ( ) 1.5K ( )
) . Nasahara : 0
Land net primary productiofResearg Muramatsu Daytime Global (month, year) 1km N/A N/A 30% (yearly)
* 13 .
Water stress trend Researq Moriyama |N/A Tile , Global (1,8 days, month) {500m N/A N/A rlaot?a/; (error judgme
S i *14 i
Application |Fire detection index Researd MoYamal g o Scene or Tile 500m N/A N/A 20% (error judgmer,
Nakau rate)
Fukue |
Land cover type Researd Soyama |Daytime Global (month, season) 250m N/A N/A 30% (error judgment rate)
/Takagi
Land surface albedo Researd JAXA/PlI |N/A Tile , Global (1,8 days, month) |1km N/A N/A 10%
—
Cloud flag/Classification  [Standar Both Tile , Global 1, 8 day, month  |1km cj:-gn/;)e(:,aw)th wholesky Incl. below cloud amount |Incl. below cloud amount
Classified cloud fraction  |Standar ) Daytime Global 1,8 day, month 20% (on solar irradiance] |[15% (on solar irradiancé® [10% (on solar irradiancéf
Cloud toptemp/height Standar ,Ism;'z?{;g% 4Both Tile , Global 1,8 day, month 1K*4 3K/2km (top temp/heightP [1.5K/1km (temp/heightp
Cloud Water cloud OT/effective i . ] 10%/30% (Cloud N
7 x7 *8
> radius Standar Daytime Tile , Global 1,8 day, month OT/radius}6 100%asCLW 50067 / 209%
§ Ice cloud optical thickness |Standar Daytime Tile , Global 1, 8 day, month 30% 6 70%'8 20048
j=i \Water cloud geometrical " . ) 1km (Tile),
a thickness Researg Kuji Daytime Tile , Global 1,8day, month 0.1deg (global) N/A N/A 300m
i Aerosol over the ocean Standar Daytime Tile , Global 1,8 day, month 0.1 (Monthly 1 7 20  |0.05(sceneta_670,865)
Inoue , ,8day, ta_670,865’)10 0.1(scenga_670,865) . 670,
/Aerosol  |Land aerosol by nediVv Standar Daytime Tile , Global 1,8 day, month 0.15(Monthlyta_380§10 |0.15(sceneta_380j10 0.1(scenda_380)
L . 0.15(Monthl
Aerosol by Polarization Standar Sano  |Daytime Tile , Global 1,8 day, month ( y 0.15(scenea_670,865YL0 0.1 (scene a_670,865)

ta_670,865)10
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Radiation
budget

Long-wave radiation flux

Researg

TBD

Daytime

Tile , Global 1,8day, month

N/A

N/A

Downward 10W/m2, upwal
15W/m2 (monthly)

Shortwave radiation flux

Researg

JAXA | Inoue

Daytime

Tile , Global 1,8 day, month

N/A

N/A

Downward 13W/m2, upwal
10W/m2
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TABLE 7

GEOPHYSICALPRODUCTS OFGCOM-C (2/3)

Area |Group Product Categor|Developer|Day/night Production unit Grid size Release threshold Standard accuracdy Target accuracy?
Pa%ﬁ?r?c"ée(maé‘féﬁivmg Standar 60% (443~565nm) S0 (= onm) 30% (<600nm)
detection) ‘ Toratani / Daytime Scene, Global (1, 8ays, 0 0.5W/mé/str/um (>600nm 0.25W/n?/str/um (>600nm)
Atmospheric correction Frouin month) 50% (AOT@865nm)
Ocean colo|parameter Standar 80% (AOT@865nm) 30% (AOT@865nm)
Photosynthetically availabl JAXA/ ) Scene, Global (1, 8ays, o 15% (10km/month) o
radiation Standar Erouin Daytime month) 20% (10km/month) 10% (10km/month)
. . . Scene, Global (1, 8ays, Coast: 250m 0,
Euphotic zone depth Researcy Hirata [Daytime month) Offshore- 1km N/A N/A 30%
. - 0, - 0, -
Chlorophylta concentratior|Standar{ JAXA/PI Global: 49km - 60to +150% (offshore) 6010 +150% 3510 +509% (offshore); 50
to +100% (coast)
. - 0,
Zg:]e::leajnfrg(;gﬂednatter Standar{ Toratani |Daytime i%i?ﬁ) Global (1, 8ays, - 6010 +150%(offshore) 6010 +150% -50t0 +100%
In-water - -
ﬁglgéfd dissolved organic|g, (o 1o -60to +150% (offshore) | 6010 +150% -50to +100%
e} . . . . Scene, Global (1, 8ays, a(440): RMSE®9.25, bbp
§ Inherent optical properties|Researc Hirata |Daytime month) N/A N/A (550): RMSE<0.25
=] Scene, Global (1, 8ays, Coast: 500m . . . . .
TemperatunSeasurface temperature |Standar¢ JAXA |Both month) Others: Same as abov 0.8K (daytime) 0.8K (day& night time)  [0.6K (dayandnight time)
Ocean net primary Ishizaka | . Scene, Global (1, 8ays, Coast: 500m o
productivity Researq Hirawake Daytime month) Others: Same as abov N/A N/A 70% (monthly)
error judgment rate of large
small phytoplankton
Phytoplankton functional Hirawake . Scene, Global (1, 8ays, dominance<20%; or error
type Researq | Hirata Daytime month) Coast: 250m NIA N/A judgment rate of the doming
Application Others: Same as abov phytoplankton functional
group <40%
Redtide Researd Ishizaka |Daytime 3%?1??) Global (1, 8ays, N/A N/A errorjudgment rate <20%
. JAXA
multi sensor merged oceat| ' . -35 to +50% (offshore),- 5(¢
Researd Franz, |Daytime Coast: 250m N/A N/A o '
color Wang Area, Global (1, &ays, month Offshore: 1km to +100% (coast)
multi sensor merged SST |[Researci TBD |Both N/A N/A 0.8K (day& night time)
Snow and Ice covered are : ' 250m(Tile), 1km o - A0 o
(incl. cloud detection) Standar Stamnes Daytime Tile, Global (1,8 days, month)| (global) 10% g\;f:rrf:tsda:/;l wit| 7% 5%
Area/ Okhotskseaice distribution|Standar( JAXA |Daytime Area (1day) 250m 10% ) 5% 3%
distribution [Snow and ice classificatiorResearc Daytime Global @ days, month) 1km N/A N/A 10%
Snow covered area in fore| o oo jaxA  |Daytime Area (1, days) 250m N/A N/A 30%
o and mountaig
< Snow and ice surface ) ) 500m(Tile), 1km 5K (vicarious val with oth
@ Temperature Standar Daytime Tile, Global (1,8 days, month)| (global) sat. data and climatology) 2K 1K
a ISnow grain size of shallo Standar Daytime Tile, Global (18 days, month) 25|0m(IT|Ie), 1km 1|C_J0%(\1|car|ous val with ~ ls0% 30%
B |gurface ayer Stiml?es (global) climatology between temsize
properties Snow grain size of Researg Kl Daytime Tile, Global (1,8 days, month)| 1km N/A N/A 50%
subsurface layer
Snow grain sizef top layer|Researd Daytime Tile, Global (1,8 days, month) (ngglg”e)’ 1km N/A N/A 50%
Snow and ice albedo Researd Stamnes|Daytime Global (1,8 days, month) 1km N/A N/A 7%
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TABLE 7
GEOPHYSICALPRODUCTS OFGCOM-C (3/3)

Area |Group Product Categor|Developer|Day/night Production unit Grid size Release threshold Standard accurady Target accuracy?
0 Surfacg Snow impurity Researd St'aAr:lzes Daytime Tile, Global (1,8 days, month) ?jgg:g”e)’ 1km N/A N/A 50%
g properties Ice sheet surface roughnejResearq  Aoki |Daytime Area (Season) 1km N/A N/A 0.05*15
g Boundary ﬁi;i‘;ﬁ;oundafy Researq JAXA |Daytime Area (Season) 250m N/A N/A <500m

Common notes:

*1. Heritage levels from ADEO8/GLI study are shown by AC; A: high heritage, B: Remaimg issues, C: new or many issues remaining teeBelved

*2.The fArelease thresholdo is minimum |l evels for the tcuracked cortkspond to fulkandceeatis succass crienaof the miasion. Accuranies |
are basically shown by RMSE.

Radiance data nes:
*3. Absolute error is defined as offset + noisgative error is defined as relative errors among channels, FOV, and so on. Release threshold of radiance is defirm¢edasrests from vicarious, onboard
solar diffuser, and onboard blackbodyiledtion because of lack of lortgrm moon samples

Atmosphere notes:

*4, Vicarious val. on seaurfacetemperatur@and comparison with objective analysis data

*5. Inter comparison with airplane remote sensing on water clouds of middle optical thickness

*6. Release threshold is defined by vicarious wéth other satellite data (e.g., global monthly statistics in thelavidatitudes)

*7. Comparison with cloud liquid water by-gitu microwave radiometer

*8. Comparison with optical thickness by stadioneter (the difference can be large due to {8pace inconsistence and large error of the ground measurements)
*9, Comparison with irsitu observation on monthly Gdegree

*10. Estimated by experience of aerosol products by GLI and POLDER

Land data notes:

*11. Defined with land reflectance~0.2, solar zenith<30deg, and flat surface. Release threshold is defined with AOT@500nm<0.25
*12. Night time 250m product can be produced by special observation requestsmfchénnel

*13. Evaluate in semiarid regions (steppe climate.)

*14. Fires >1000K occupying >1/1000 on 1km pixel at night (using 2.2um of 1 km and thermal infrared channels)

Cryosphere notes:
*15. Defined as height/width of theurfacestructures
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TABLE 8 Reference data for the validation of GCOM-C/SGLI standard products

Goal: <0.25pixel

Cartyego Product [Unit] ?;:rcguer{ascy E/I\fllgir?/ith-ill—i);es) éllgorlthm \;ﬁshdatlon In-situ Data Instruments Observation Sites g(la)rsnl)céylzglency,
{FGSttA{Release5 In-situ & various | JAXA JAXA Ground reflectance data, | Spectrometer CEOS cal sites Yearround
observed (Abs. *11) cal.data (NEC) MOBY data etc.

NI RA Iy O Geometric: (Main) (cooperation with NOAA) | SGLI
1B) <lpixel Onboard calibration data
[\N/mZK & G NX MODIS(MOD02,MYDO02) | Global Yearround
Other satellitedata (TBD) | CAI(L1,L1B)
ASTER(L1B)
Standard In-situ & various Ground reflectance data, Spectrometer CEOS cal sites Yearround
o VISSWR 5 cal.data MOBY data etc.
g (Abs.*11), 1 (Main) (cooperation with NOAA) | SGLI
3 (Relativg Onboard calibration data
S TIR: 0.5K MODIS(MODO02,MYD02) | Global Yearround
(@300K) Other satellite data (TBD) | CAI(L1,L1B)
Geometric: ASTER(L1B)
<0.5pixel
Goal VISSWR:
3 (Abs."11),
0.5% Relativg
TIR: 0.5K
(@300K)
Geometric:
<0.3pixel
Precise Release: <1pixe| Other satellites JAXA JAXA GCP database derived fron] MODISMCD43C4) (Defined inGCP
geometric (Main) (RESTEC, AVNIR? etc. CAl library)
corrected Tokai U.) AVNIR2 Yearround
5 radiance
= W2 K YHK & { Standard: Other satellites GCP database derived fronl MODISMCD43C4)
<0.5pixel (Main) AVNIRZ etc.

CAl
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Land Release : In-situ JAXA HondaKaji | Spectral reflectance (incl. | FiddSpec, MS20 Yatsugatake Campaign
atmospheric 0.3 (<=443nm), | (Main) (Sano) wara BRDF) data measured fron] Hyperspectral Camera (Period/Freq: TBp
corrected 0.2(>443nm) UAV
NB Tt SO I (scend(*8) MS-700 JaLTER, JapanFlux| Yearround
Nasahara | Spectral data measured MS720 PEN sites
from Tower
Spectral data measured
from UAV(combined with
BiRS simulations for
uniform surfaces)
Other satellites (JAXA) L2 atmospheric crrected MODIS of Terra &qua Global but every Yearround or
(Auxiliary) reflectance product typical LCC (TBD) | Seasonally
(MODO09, MYDO09)
Standard: 0.1 In-situ HondaKaji | Spectral data measured FieldSpec, M320 Yatsugatake Campaign
(<=443nm), 0.05 (Main) wara from UAV Hyperspectral Camera (Period/Freq: TBPD
(>443nm)
(scene)t8) MS-700 JaLTER, JapanFlux]| Yearround
Goal: 0.05 Nasahara | Spectraldata measured MS720 PEN sites
(<=443nm), from Tower
0.025 (>443nm) Spectral data measured
(scene)t8) from UAV
Vegetation Release: In-situ JAXA HondaKaji | Spectral data measured FieldSpec, M320 forest Yatsugatake | Campaign
index grass 25% (Main) (Huete, wara from UAV Hyperspectral Camera (Period/Freq: TBP
w8 (scene), Miura,
forest 20% Furumi) MS700 grassforest Yearround
(scene) Nasahara | Spectral data measured MS720 JaLTER, JapanFlux
from Tower PEN sites
Spectral data measured
from UAV
Other satellites (JAXA) L2 VI products MODIS of Terra & Aqua Global Yearround
(Main) (MOD13,MYD13) JASMES
CAl
Standard: In-situ HondaKaji | Yectral data measured FieldSpec, M320 forest Yatsugatake | Campaign
grass 20% (Main) wara from UAV Hyperspectral Camera (Period/Freq: TBp
(scene),
forest 15% Spectral data measured MS700 grassforest Yearround
(scene) Nasahara | from Tower MS720 JaLTER, JapanFlux
Goal: Spectral data measured PEN sites
grass 10% from UAV
(scene),
forest 10%
(scene)
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! 62 @S 3| Release: In-situ Kajiwara | HondaKaji | AGBIO estimated from Tree (direct) measurementq forest Yatsugatake,| Campaign
biomass grass 50%, (Main) wara- Every Tree Measurements grass forest (Period/Freq TBD)
[t/ha] forest 100% Nasahara | (DBH, Tree Hight, Tree JaLTER, JapdmE
Density etc.) PEN sites
Mine site (GOSAT2
of Australia
Fujihokuroku,
Tomakomai, Uryuu,
Mase, Alaska
(boreal, 200m sq
HondaKaji | AGBIO estimated from 3DLaser Scanner scale), Pasoh/ Campaign
wara- 3D-Laser Scanner data Malaysia (Period/FreqTBD)
JAXA measured at ground (Tropica.lrain)
forest Yatsugatake,
grassforest
JaLTER, JapanFlux
PEN sites
Other satellites HondaKaji | L2L3 AGBIO products PALSAR, ISS/MOLI (L+5yr Yearround
(Main) wara derived from satellite borne| ISS/GEDI (L+5yr)
lider and SAR
model Sasai Output of ecesystem BEAMS (Sasai) Global but every Yearround
(Main) model typical LCC (TBD)
Standard: In-situ HondaKaji | AGBIO estimated from Tree (direct) measurementq forest Yatsugatake,| Campaign
grass 30%, (Main) wara- Every Tree Measurements grass forest (Period/Freq TBD)
forest 50% Nasahara | (DBH, Tree Hight, Tree JaLTER, JapanFlux
Goal: Density) PEN sites
grass 10%, Mine site (GOSAT2
forest 20% of Australia
Fujihokuroku,
Tomakomai, Uryuu,
Mase, Alask
HondaKaji | AGBIO estimated from 3D-Laser Scanner (boreal, 200m sq Campaign
wara- 3D-Laser Scanner data scale), Pasoh/ (Period/Freq TBD)
JAXA measured at grou Malaysia
(Tropicalrain)
forest Yatsugatake,
grassforest
JaLTER, JapanFlux
PEN sites
Vegetation Releasegrass In-situ Kajiwara | HondaKaji [ VRI derived from 3Daser | 3D-Laser Scanner forest Yatsugatake,| Campaign
roughness forest 40% (Main) wara Scanner data measured grassforest (Period/Freq TBD)
index (scene) from UAV or near surface JaLTER, JapanFlux
w6 (Tower) PEN sites
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Standard: grass| In-situ HondaKaji | VRI derived from 3Daser | 3D-Laser Scanner forest Yatsugatake,| Campaign
forest 20% (Main) wara Scanner data measured grass forest (Period/Freq TBD)
(scene) from UAV or near surface JaLTER, JapanFlux
Goal: grass (Tower) PEN sites
forest 10%
(scene)
Shadow index | Release: grass | In-situ Moriyama | HondaKaji | Spectral reflectance from | FieldSpec, M320 forest Yatsugatake,| Campaign
w6 forest 30% (Main) wara UAV 3D-Laser Scanner Goto (Period/Freq TBD)
(scene) 3DLaser Scanner data & | Digital camera etc. grass forest
images from UAV JaLTER, JapanFlux
PEN sites
Nasahara
Spectral reflectance from | MS700 forest Yatsugatake,| Campaign
Tower MS720 Goto (Period/Freq TBD)
Spectral data measured grass forest
from UAV JaLTER, JapanFlux
PEN sites
Other satellites Moriyama | L1 radiance of highsol. Landsat8 grass Yearround
(Auxiliary) satellite imagers forest Goto Is.
Standard: In-situ HondaKaji | Spectral reflectance from | FieldSpec, M320 forest Yatsugatake,| Campaign
grassforest (Main) wara UAV 3D-Laser Scanner Goto (Period/FreqTBD)
20% (scene) 3D-Laser Scanner data & | Digital camera etc. grassforest
Goal: images from UAV JaLTER, JapanFlux
grassforest PEN sites
10% (scene) Nasahara
Spectral reflectance from | MS700 forest Yatsugatake,| Campaign
Tower MS720 Goto (Period/FreqTBD)
Spectral data measured grass forest
from UAV JaLTER, JapanFlux
PEN sites
Other satellites Moriyama | L1 radiance of highsol. Landsat8 grass Yearround
(Auxiliary) satellite imagers forest Goto Is.
Fraction of Release: In-situ Nasahara | HondaKaji | PAR derived with PAR met{ PAR meters forest Yatsugatake,| Yearround
absorbed grass 50%, (Main) (Ono) wara- or spectrometer (incident, | MS700 Spectrometer grass forest
photosynthetic | forest 50% Nasahara | reflercted, transmitted PAR JaLTER, JapanFlux
ally active measured from Towers PEN sitesAustralia

radiation (PAR)
w8

Combine canopy model. <4
Ground LIDER+
Heli DSM

3D-Laser Scanner
Digital camera etc.

Fujihokuroku,
Tomakomai, Uryuu,
Mase

500m square sites
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Other satellites (JAXA) L2 FPAR products (MOD1H MODIS of Terra & Aqua Global Yearround
(Main) MYD15)
Standard: In-situ HondaKaji | PAR derived with PAR met{ PAR meters forest Yatsugatake,| Yearround
grass 30% (Main) wara- or spectrometer (incident, | MS700 Spectrometer grassforest
forest 20% Nasahara | reflercted, transmitted PAR JaLTER, JapanFlux
Goal: measured from Towers PEN sites
grass 20%, Australig
forest 10% Fujrhokuroku,
Combine canopy model. <4 3D-Laser Scanner Tomakomai, Uryuu,
Ground LIDER+ | Digital camera etc. Mase
Heli DSM
500m square sites
Leaf area index | Release: In-situ JAXA HondaKaji | In-situ measured LAI (from | LA}2000 forest Yatsugatake,| Campaign
w6 grass 50%, (Main) (Ono) wara- instrument (indirect) or Litter trap etc. grassforest (Period/FreqTBD)
forest 50% Nasahara | grass cutting (direct) JaLTER, JapanFlux
method) PEN sites
Australig
Fujrhokuroku,
Tomakomai, Uryuu,
Mase Alaska
(boreal, 200m sq
scale), Pasoh/
Malaysia
(Tropicalrain)
(500m square sites)
Other satellites (JAXA) L2 LAI products (MODIS) | MODIS of Terra & Aqua Global but every
(Main) typical LCC (TBD) | Yearround
Standard: In-situ HondaKaji | In-situ measured LAI (from | LA}2000 forest Yatsugatake,| Campaign
grass 30% (Main) wara- instrument (indirect) or Litter trap etc. grassforest (Period/Freq TBD)
forest 30% Nasahara | grass cutting (direct)

Goal:
grass 20%,
forest 20%

method)

JaLTER, JapanFlux
PEN sites

Australig
Fujihokuroku,
Tomakomai, Uryuu,
Mase Alaska
(boreal, 200m sq
scale), Pasoh/
Malaysia
(Tropicalrain)
(500m square sites)
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Land surface Release: In-situ Moriyama | Moriyama | in situ BT measured from | IR thermometer Railroad Valley, ND| Campaign
temperature [K] | 3.0K (Main) ground & Ivanpah playa, CA (Period/Freq TBD)
(scene) Yatsugatake Campaign
HondaKaji | In-situ BT measured from | IR thermometer (Period/Freq TBD)
wara UAV
Nasahara | In-situ BT measured from | IR thermometer JaLTER, JapanFlux| Yea-round
Tower PEN sites
JAXA LST converted from Tair Thermometer Fluxnet, GTS sites | Yearround
obtained at FluxsiteGTS,
GSOD or other sites
Other satellites (JAXA) L2 LST products (MOD11, | MODIS of Terra & Aqua Global but every Yearround
(Main) MYD11) Sentinel3 typical LCC (TBD)
L2 LST products from
Sentinel3
Standard: In-situ Moriyama | in situ BT measured from | IR thermometer Railroad Valley, ND| Campaign
2.5K (Main) ground & lvanpah playa, CA (Period/Freq TBD)
(scene) Yatsugatake Campaign
Goal: HondaKaji | In-situ BT measured from | IR thermometer (Period/Freq TBD)
1.5K wara UAV
(scene)
Nasahara | In-situ BT measured from | IR thermoneter JaLTER, JapanFlux]| Yearround
Tower PEN sites
GTS sites
JAXA Tair obtained from Fluxsite| Thermometer Yearround
GTS, GSOD or other sites
/ £ 2dzR ¥ { Release: 10% | In-situ Nakajima | Irie Cloud amount derived from| SkyCamera Kumamoto, Yearround
(comparisonwit | (Main) (main), Nakajima | skycamera Greenland, Abashiri
h sky-camera Ishimoto, | Kuiji Tsukuba, Shirase,
binary imagé Riedi Noto, Yoyogi,
GTS cloudiness Humaneye Iriomote, Osaka,
Pola region
§ (Sbalvard, Syowa
2 St.)
= Other satellites L2 cloud flag product MODIS Global Yearround
z (Main) (MOD35, MYD35) VIIRStc.
Standard&Goal:| In-situ same as CLFR same as CLFR
Eavaluated as | (Main)
the cloud
fraction
products
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Classified cloud | Release: 20%$ | In-situ Nakajima | Hayasaka | BSRN solar radiation data | Solar radiation base BRSR etc. Yearround
fraction [%0] solar (Main) (main),
radiation)(*6) Ishimoto, Whole sky image data SkyCamera (supplemental)] Kumamoto, Yearround
Riedi Greenland Abashiri,
Tsukuba, Shirase,
Noto, Yoyogi,
Iriomote, Osaka,
Polar region
(Sbalvard, Syowa
St.)
Climatology ISCCP climatological datas| Various satellites Global Yearround
(Main)
Standard: In-situ BSRN solar radiation data | Solar radiation base BRSR etc. Yearround
15%(as solar (Main)
radiation)(*6) Whole sky image data SkyCamera (supplemental)] Kumamoto, Yearround
Goal: 10% as Greenland, Abashiri
solar Tsukuba, Shirase,
radiation)(*6) Noto, Yoyogi,
Iriomote, Osaka,
Polar region
(Sbalvard, Syowa
St.)
Cloud top temp | Release: 1K(*1) | Climatology Nakajima | (JAXA) ISCCP climatological datas| Various satellites Global Yearround
& height (Main) (main),
[K], [km] Ishimoto,
Standard: In-situ Riedi Irie Data meaured with FALCON(radar) Chiba, etc., Nieolsoll Yearround
3K(*2)/2km(*2) | (Main) (Takano) | groundbased radar (Contact to
Goal: Shiobarasan (Irie))
1.5K(*2)/1km(*
2) Data measured with NASA Airborne lidar Flight courses (TBD| Campaigns
airborne lidar Shinozukeasan(Cl of
Sano PI) has info.)
Other satellites Data measured with Satellite borne lidar Global Yearround
(Main) (JAXA) satelliteborne lidar
2 | i S NJt Of Release: Other satellites Nakajima | Irie L2 Cloud effective radius | MODIS of Terra & Aqua Mid- to Low latitude | Yearround
optical 10%/30% (Main) (main), prd. (MODO06, MYDO06) area
thickness & (optial Ishimoto,
effective radius | thickess/radius ) Riedi

WEB Y w>)

(*3)
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Standard: 100%]| In-situ Cloud liquid water data Microwave radiometer Fukue, Hedo, Chiba| Yearround
(as cloud liquid | (Main) from Ground based passivd (Skynet supersites)
water: *4) microwave radiometer
(PMR) PMR by NICT
Okinawa (TBD)
Goal: 50% (*4) | In-situ Cloud liquid water data Microwave radiometer Fukue, Hedo, Chiba| Yearround
120% (*5) (Main) from ground based passive (Skynet supersites)
microwave radiometer Thai, Gouhi, Chiba,
(PMR) Fukue, Hedo
Cloud optical thickness dat{ Skyradiometer Yearround
from skyradiometer
Other satellites L2 Cloud effective radius | MODIS of Terra & Aqua Global Yearround
(Main) prd. (MOD06, MYDO06)
LOSnOf 2 ( Release: Other satellites Nakajima | Irie L2 Cloud optical thickness | MODIS of Terra & Aqua Mid- to Low latitude | Yearround
optical 30%(*3) (Main) (main), prd. (MODO6MYDO6) area
thickness Ishimoto,
w8 Standard: In-situ Riedi SKYNET data Skyradiometer Thai, Goubhi, Chiba, | Yearround
70%(*5) (Main) Fukue, Hedo (Skyne
Goal: 20 %(*5) super sites)
Other satellites L2 Cloudptical thickness | MODIS of Terra & Aqua Global Yearround
(Main) prd. (MODO06, MYDO06)
Aerosol over Release: In-situ Inoue Aoki, K., Skyradiometer data on Skyradiometer Cruise route of Campaign
the ocean 0.1(monthly (Auxiliary) (main), Kobayashi,| Mirai, Shirase etc. Mirai, Shirase etc. | (Period/FreqTBD)
w6 I S 27 Ishimoto, | NASA Various sites Campaign
865) Riedi Microtops data from Microtops
Sano Maritime Aerosol Network
(Shinozuka Flight courses (TBD| Campaigns
) Airborne Sunphoto data by| Airbone Sunphoto Shinozukesan (CI of
NASA Ames Sano PI) has info.)
Other satellites (JAXA) L2 Aersosol products MODIS of Terra & Aqua Global Yearround

(Main)

(MODO04, MYDO04)

CAl
VIIRS
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Standard: In-situ Aoki, K., Skyradiometer data on Skyradiometer Cruise route of Campaign
nomo &0Sy (Main) Kobayashi,| Mirai, Shirase etc. Mirai, Shirase etc. | (Period/FreqTBD)
_kFyecTnZ NASA Various sites Campaign
Goal: Microtops data from Microtops
nonposiof Sano Maritime Aerosol Network
_lyecTnZ (Shinozuka Flight courses (TBD| Campaigns
) Airborne Sunphoto data by| Airbone Sunphoto Shinozukesan (CI of
NASA Ames Sano PI) has info.)
Other satellites (JAXA) L2 Aersosol products MODIS of Terr& Aqua Global Yearround
(Main) (MODO04, MYDO04) CAl
VIIRS
Land aerosol by| Release: In-situ Inoue Aoki K. SKYNET (Aoki), Skyradiometer Many Skynet sites | Yearround
y S NJt! £ | 0.15(monthly (Main) (main), Sano AERONET (Sano), Aeronet (<100) Yearround
ave.of | oy Ishimoto, | Yamazaki | Skyradiometer (Yamazaki, | Skyradiometer Many Aeronet sites | Yearround
Riedi Various etc.) Microtops (<100) Campaigns
PI/CI Microtops data Airbone Sunphoto MRI sites Campaigns
Sano Airborne Sunphoto data by Various sites
(Shinozuka| NASA Ames Flight courses (TBD
) Shinozukesan(Cl of
Sano PI) has info.)
Other satellites (JAXA) L2 Aersosol products MODIS of Terra & Aqua Global Yearround
(Main) (MODO04, MYDO04) CAl
VIIRS
Standard: In-situ Aoki K. SKYNET (Aoki), Skyradiometer Many Skynet sites | Yearround
nomp osa 09 (Main) Sano AERONET (Sano), Aeronet (<100) Yearround
_lywoyno Yamazaki | Skyradiometer (Yamazaki, | Skyradiometer Many Aeronet sites | Yearround
Goal: Various etc.) Microtops (<100) Campaigns
nomo 508y PI/CI Microtops data Airbone Sunphoto MRI sites Campaigns
_Fhywoyn ( Sano Airborne Sunphoto data by Various sites
(Shinozuka] NASA Ames Flight courses (TBD
) Shinozukssan (ClI of
Sano PI) has info.)
Other satellites (JAXA) L2 Aersosgbroducts MODIS of Terra & Aqua Global Yearround

(Main)

(MODO04, MYDO04)

CAl
VIIRS
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