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The deploynent over he next fewyears of a onstellationof advancedneteorological geostatinary (GED
satellites,with their improved spetral, spatialand tempaal resolution sensors, pens up aworld of nev
possibilities for continubus monitaing of the ligh temporal dynamicsof the land,oceans anditmosphere
addressinga broad rage of socital challengs and infomation neals, particulaly in combnation with
moderate esolution lav Earth orbi (LEO) obsging satellies.

While theprimary misgon of the rew GEO sallites is to sippport operational meteorological srvices, thg
offer oppatunities for non meteorological aplications that can enhace and canplement the low Earh
orbit (LEOpased apptiations thathave beente primary pol for moritoring of the broader eavironment.

The Comrittee of Eath Observig Satellite CEOS), ungt the leadeship of Awtralia’s Coanmonwealh
Scientific and Industral ResearchOrganizatn (CSIROand suppeoted by the Australian Bureau ®
Meteorology, conduced a oneyear study initiative in 201546 to assessthe potental of non
meteorological appliations of the advancd meteorobgical geottionary (GEO) satelles and @
synergisticlGEOLEO aproaches. fiis report sunmarises le initiative’s findings. ltidentifies ley issues ath
opportunities and prposes a plarof action br considerdion by CES. While tle subject ofthe study s
non meteorological aplications, ereful consieration is gien to devebping an uderstandingof the work
planned orunderwaywithin COS and itsAgencies, ad on ensuing any wg forward & planned m
consultation with CGMswhere appopriate.

The studywas conduted by theCEOS Ad HoTeam (AM) on NonMeteorologtal Applicatbns for Nex
GenerationGeostatiormry Satellites (NMA). fie AHT waso fed by wlunteers flom agencis developimg
non meteorological ajplications ad space agecies that perate advaced GEOniagers, andhe broade
team incluwed participants froma range ofother CEOS\gencies. fie study soght input from groups
within CE@including he Virtual ©nstellatiors, the Workihg Groups ad thematicgroups.

1.2.1 THE CAPABITY

The era ofadvanced GO satellitesvas usherd in with the launch ofHimawari8 by JMA in 205. Over tle

next few years advaned GEO sathites will ako be launbed by NOA, KMA, CM\ and EUNETSAT. Allfo
the images have simdr capabilites, with typcal specificions beingl6 spectralbands, spatl resolutin

of 0.5 kmto 2 km degnding onband, and @riable imag cadence fom 30 seonds to 15minutes with

routine full disk imagig every 10 6 15 minutes. Thus theassembly isinderway ofa GEQing of advance

imagers wih global ceerage outsile the polarregions.

These chaacteristics ¢ the advarmed GEO sesors complenent curreit moderateresolution LEO sensots
approachig the LEOensors in sgtial and spetral resoluion capacity while offering far greéer tempord

resolutionand complenentary viev and illumhation geanetries. Furhermore, GO satellitescan fill gag

in LEO casrage due ¢ cloud coer. They areparticularlywell suitedto monitoring rapid clanges in tle

land surfae (such asnow, burnsand harves), ocean (8ch as ocea colour induding algalblooms aml

sediment pumes, andsea surfacegemperatue), and chaacteristics é the atmogphere beyon traditiona

weather pfenomena (sch as aersols includirg smoke andlust evens, ozone angotentiallyair quality).
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GEO senss promisemore cloudfree observéions resultng in betterproduct awilability. Cbud or clow
contamindion is a majr issue in lad data praluction sin@ most of land measurenents rely m visible an
infrared clannels. Apfications that will bendit include fbod develgpment andsurface enegy balance
Furthermae, the fixedobservationgeometryavailable fran GEO orbiprovides casistent masurements
reducing uncertainty die to anisotppic surfaceeflectance

GEO senss enable pecise meastements ofdiurnal cyas. Diurnalvariation such as of LS&nd SST ¢a
only be deected fromGEO satelli.

Lastly, besles the “leadline” enfancement m sensor chracteristics the new @neration efreshes tle
technology bringing improved performane. For insance, JMAreports that diurnal variation n
characterisics of themal bands isnuch redued on Himavari 8 compared to MT#T.

It is worthnoting that the SEVIRinager has ben operatirg over the Bropean setor on EUMETSAT's MS
series of patforms sirte 2004, vth spectralcoverage ad tempord samplingcomparableto the new
generationof imagers.As a consguence of his and thewell establshed appliations framevork within
EUMETSAS networkof Satellite Avplication Rcilities (SAs), SEVIRbpalications grve as a Vimable guie
to maximisng the bendit from the new GEQing.

1.2.2 SWERGISOUSE OFEDSTAUNARY AR LOWEARTH ORBISATELLES

Further erfhancementsin observaion capabilly can potatially emege from aplications hat use dah
from boththe advancd GEO andlEO sensortogether, ty exploiting heir complenentarities.Possibilities
include meging the firer spatial resolution of the LEO semss with thefine tempaal resolution of the GB
sensors, gploiting the availabiliy of simulneous obsrvations with different view or illumination
conditionsallowing sesor intercdibrations, and the fusion of GEO ash LEO prodcts into gldoal producs
that address samplinggsues at hilg latitudes.The blendirg of GEO ath LEO satétk measurenents aligrs
with a trerd in produ@r agenciesdwards enerprise algoithms that exploit datafrom multiple sourcesa
maximise poduct qualty.

1.2.3 THE ENVIRRMENT

CEOS hawng servedto globallycoordinate civilian, nonmeteorologcal EarthObservationsfrom Spae
(EOS) thragh practicakollaborative activitiesconducted tirough its sibgroups seh as the B80S Workig
Groups ad Virtual Castellations. CEOS is el placed b build on is establised and wellestablishel
activities b coordinateapplicationdevelopment for the nev GEO ringn order tomake the beat use of the
new capallity given tte resourcesavailable. Brthermore, CEOS hasiks to interrational ag@écies such &
GEO and th UNFCCQat can supprt the utilisation of applications fa maximumsocietal berefit

CGMS hagmilarly coadinated the internatioral exploitaton of meteorological séellites, incluling its pas
and futurecoordinatian of the useof the GEQing for weadher and refted applicaions. CGN has its ow
international links, sgh as withWMO with its focus ad experiewe on intenational caperation n
gathering B&rth systemdata. CEO8nd CGM$ogether ae well placel to coordirate international activity
to expandthe suite ofapplicatiors from the new GEOsnio new na meteorological areasand build
their linkswith partneragencies tanaximise tle societal lenefit.

The interrational EOSommunity has a rich britage of eperience in developimg applicatiors from LE®
with diverse capabilities in termsof spatial reslution, temporal freqiency, spectal coverageand angula
characterisics. This eperience amnl the algorihms themelves forma solid baserom whidc to develg
algorithmsfor the newGEOs. Thexisting LEGcience tees constitie a valual® resource hat could e
incrementdly extende to expandtheir activites to the rw GEOs. Téhexperiene with mergng LEO dat
streams wih diverse baracteristis will be valable in suporting GEAQEO applicaons.

The largedata volures generaté by the nev GEOs, péicularly when used toproduce poducts wih
global coveage, demads that cl@e attentionbe paid tocurrent dewelopments n data techmlogies suh
as those aidied by CESWGISS ahthe CEOButure DataArchitectures initiative.
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Agencies ri Japan ad Australia initiated a bilateral dfort in 2015 to devdop nonmeteorologicd
applicatiors from HmawariB, both alone ad in conbination with LEOs. Thi early efbrt provides
instructivelessons in te managerent of intemational coléborations b develop tle new appl¢ations.

The devedpment of meteorologcal applictions of tte advancedGEO ser®s is conprehensivey
addressed by the nmeteorologi@ commurity. Howewer, the development of nonmeteorologicd
applicatiors from the advanced G& sensors,nicluding inconjunctionwith LEO ensors, is agrowing are
of EO apptiation devebpment tha shows muhb promise lut which wil benefit fran a system#tc survey 6
the potential applicatims, their benefits, capaity to meetsocietal ne@ls and theirelationshipto other ED
applicatiors.

This studyprovides asystematic sirvey of na meteorological appliations for wrrent and planned GbB
missions ad providescomprehensve and pragatic guidace in linewith the actvities of theCoordinating
Group forMeteorologal Satellits (CGMS) @ how to pogress keyapplicationsfor a quasiglobal GB
constellaton.

This reportidentifies he potentialnon meteorological aplications ofadvanced GO satellits alone or n
combinatian with LEGsatellites, icentifies LECapplicatiors that mayserve as a asis for GP application
developmant, identifies the benéits of appications, i@gntifies where the ajpplications sé&isfy unme
requirements and fill data gaps,and identifes opportwities for agency collédoration on applicatian
developmant. The rgort makes recommertdations boh to promote the coordinated development
implementation and evaluation of nonmeteorological applications by CEOSgencies, ad for CEGQ
engagemaet with extemal stakehalers such aseteorolajical agencisand orgargations.

The reportchapters sbsequent tothis introduwction will address

2. Trends& Outlook for Geostaionary EOSatellite Caabilities, poviding a etalogue of CEOS/CGSI
ageny missions,nstruments,measuremats, data valimes etc.;

3. Inventbory of relevant nonmet applications and reviev of initiatives being andertakenby CEOS ah
related agencies ithe atmosghere, land ad ocean tlemes;

4. Benefts of synergitic use of GO LEO sysms;

Coordnating inititives that are relevat to the further coodination ard progressin of non
metearological ajplications anl;

6. Conclsions and ecommendaions for the way forward tacticaly and stratgically forCEOS and st
agences.
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Operationd geostatiorary weathersatellites lave been inservice sine mid 1970sand thesesatellites ae
critical to ®vere weatler prediction. Since 1%5, the US Btional Oceaic and Amospheric Adninistration
has been perating a sries of GestationaryOperationalEnvironmenal Satellits (GOES). A& Februay
2016, three GOES salldes (GOE®3, 14, ad 15) are awilable for meteorologtal operatios, with two
operationd at any gien time. Thke EuropeanSpace Agecy (ESA) lmched Euope’s first gostationary
weather saellite Meteosatd in 197 and, simar to NOAAEUMETSK(the Eurogan Organiation for the
Exploitation of Metearological Sallites) hastwo operatonal geostéionary saellites at ary given time
(METEOSRASecond €éneration MSGBO and MSGA0 as offFebruary P16). EUMESAT is alsoperatinga
geostatiorary satelliteover the Indan OceanMeteosati7 of the FirstGeneration,but is now eplacing tha
with MSGB. MSGB will take ove operationd services wer that region early D17. In Asi, the Japa
Meteorological Agencythe IndianSpace Resech Organiation, the Gina Meteaological Adninistration,
and the Krea Meteaological Adninistration (KMA) hae been opeating geosationary saellites sine
1978, 1983 1997 and2010 respetively. TheJapanese d@ellites arecalled “Hmawari” (sunflower), the
Indian satdlites are kimwn as the mdian Natimal SatelliteSystem (IN8T), the Chiese satelliés are calld
“Fengiyun” (wind ard cloud) ad the Koean satellie is calledthe Conmunication, Ocean ad
Meteorological Satellé (COMS).Among thecurrent opeiational satdlites, the $inning Enhaced Visils
and InfraRed Imager EEVIRI) otMSG is the mist advancd Earth imger with twelve spectrabands. Tk
imagers orother satelltes have etter five or skt bands andheir functional capabilies are simar.

The next gneration d geostatimary weathe satelliteshas arrived. The JaparMeteorological Ageng
(JMA) laushed Himavari B on 7 @tober, 204, which caries the Adanced Himavari Imager(AHI), a ne
generationsensor tha collects magery of tke Earth’s kmisphere n sixteen pectral bars every ta
minutes atspatial resaltions rangng from hal a kilomete to two kilometres. AHis the firstsensor of is
kind to beever launcled into a gestationaryorbit. NOAMA will beginlaunching tis next geneation GOB
satellites, called the ®ESR seris carrying he Advancd Baseline hager (ABl)in 2016. EMETSATSI
working bwards the goal of lamching andreaching operational capability d the METEBOSAT Thir
Generation(MTG) gestationary saellites, which will carrythe FlexibleCombined mager (FCI)The Korea
Meteorological Ageng (KMA) plas to launt Geostatimary KoreaMulti Purppse Satellite r 2A (Geo
KOMPSARA) whichwill carry animager that is identi@ in designto AHI ad ABI andd called the
AdvancedMVeteorologcal Imager AMI) in 208. CMA willdunch theirFenglYund (FYd) satelite, carryirg
the Multiple Channel &nning Imaer (MCSI, lao known & the Advaiged Geostatinary Radiaon Imager
AGRI), in2017. All hese missios will cary a suite ofEarth obseving instrunents that will provide
significanty improved spectral ad spatial reolution canpared to te legacy atellites. Inaddition ©
advancedEarth images, several atellites or dedicated geostationay missionsalso carry oher sensos
such as ligtning senses, space wather instuments andinfrared ard ultraviolet nearinfrared sounders
Nevertheless, the disassion herewill be onlyfocused onEarth obseving geositionary nev generatio
imagers agoday thee committed plans forthe deploynent of this capability br the full georing ard
providing fequent fulldisk imagey. Togethe, these misions provieg continuais observatins of moe
than two thirds of theEarth’s henisphere (Fgure 1) at nuch highertemporal calences tharnthe curren
satellites. This offers mw opportunities for nmeteorologicd as well asa wide suié of nonmeteorologicd
applicatiors including but not limited to thematic are@ such asagriculture, natural ard ecosysten
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monitoring and man@ement, magping vectos borne digases andaviation saéty. Sincethe spectra
characterisics of the mw generaton GEO sesors is basd on well poven legacyemote sersing sens®
that havebeen operatonal in LowEarth Orbit(LEO) orbifor severaldecades, cmbining dat from these
two platforms opensup new posibilities of combining hgh tempoal GEO obswations wih moderae
spatial reslution LEOsensors. The followirng sectionsdescribe thecapabilitiesof the nex generatin
operationd geostatiorary missions

Hgure 1: Spaal coverage fom the nextgenerationof geostatiorary meteorological satellies.

2.2.1 AMI/ABI/AHI

The advaned imager$ a multichannel, visiblehrough thermal infrared, imaging adiometer tat provides
observatios in sixte@ spectral chnnels, whih significatly exceedgshe fivechannels of tke Imager m
the currert GOES I/Pesies (Schiih et al. 20®). All thethree advared imagergAHI, ABl ad AMI) ae
built by Harris Corpoation, and are identicalin designapart from minor differences in e choice
spectral bads. Of tle sixteen pectral bars, there isa solar refiective baml with a 05 km spatid
resolution, three solarreflective bands at 1km spatial esolution axd twelve R bands at2 km spati&
resolution. The spectl ranges ofchannels emong the imagers are enfigured wiquely demnding upm
the meteomwlogical agacies requiements (Tabke 1). All tle imagers ag flexible inregards tchow much &
the Earth hey can sca and how fequently an area carbe scanned.The specifi scanning eenarios ae
defined bythe user & a “timeline” and the maging seqgence and fequency ftlows the timeline. Fo
example, m a given tineline, the atire full disk of the Eath can bemaged in alllé bands at 10 minuée
interval whle imagingtwo separae 1000 kmx 1000 kmareas every30 seconds A timelne therefore
defines wiat to obsene and when Within agiven timelne, the ima@r also obsrves interral calibratin
targets sub as black bdy, spacedoks and stes for radianetric calibation and ravigation. Althis data $
seamlesslynterleavedand transnitted to a @mmand aml data hamling groundstation, where the rav
data is pra@essed as ftdbws:

1. Uncompressedo detectorsample vales
Raliometric calbration is goplied
Calbrated detector valuesare navigate to Earth leation

Calbrated andnavigated alues are resampled toform pixelsand finally,

o r DN

Generating images in a fixe grid Cartasian projecton
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Table 1: Comprison of muti band imagers of geostatonary satelltes.

GOES-R Himawari GK-2 MTG FY-4
Approx. Central
Band Explanation ABI AHI AMIT FCl AGRI
Wavelength (pm)
Spatial Resolution (km) @ nadir [Band Number]
1[1] 1[1] 1[1] 11] 1M1]
Visible/reflective None 1[2] 1[3] 1[2] None
0.5[2] 0.5[3] 0.5 [3] 10.5' [3] 0.5-1[2]

0.865 1]3 1[4 1[4 1[4 1[3
pafestive (3] (4] ] [4] (3]

0.91 Noue None None 1(3] None
L378 Cirrus 2[1] Noue 2[5 1[6] 204
1.61 Snow/Tee 1[35] 2[5] 216] 1[7] 215]
2.25 Particle size 216] 2[6] Nane 1/0.5' [8] 2-4 [6]

3.90 Shortwave TR 2(7] 2(7] 2(7] 21'[9] 24°[7.8]

6.19 28] 2[8] 2[8] 2(10] 4[9]
6.95 Water vapor 2[9] 2[9] 2[9] None 4[10]
734 2(10] 2[10] 2[10] 2[11] None
85 Water vapor_ SO; 2[11] 2[11] 2 [11] 2[12] 4[11]
9.61 Ozone 2012] 2[12] 2[12] 2[13] None
10.35 2[13] 2[13] 2[13] 2/1' [14] 4[12]
11.2 2[14] 2[14] 2 [14] None None
Longwave IR o " N

12.3 2[15] 2[15] 2[15] 2[15] 4013
13.3 2[16] 2(186] 2[16] 2(16] 4[14]

True-color component bands are highlighted in red, green, and blue; Resolution depends on imaging mode; “Two bands.

2.2.2 HIMAWARIB CONCEPOF OPERTIONS

HimawariB is designedo have anoperation lie of at leastseven yearand will bereplaced byHimawari®,
which is epected to le launchedm 2016 andstored in abit until needed for ogerations. Bth satellites
are therebre expect@ to provice coverageuntil 2029. AHI data ollection ha a 10 minte timeline
(Bessho, eal. 2016). Within a 10minute interval, the fulldisk is imagé once; tworegions (Rgion 1 and 2
covering Jpan are imged every 5 minutes;a “Target Aea” (Regior3) is imagd every 2.5minutes; ard
two “Landmark” area Regions 41ad 5) are inaged every 8 secondsHgure 2).

=3
=3 =3
=3 =3
=3 ||
=3 =3
=3 =3
=3 =3
=3 | =]
=3 =3
=3 =3
=3
=3 =3
== S3
=3 =3
=3
=3 =3
=3 | =]
=5 | ==
=3 =3
= =3
Full Disk Region 1 Region 2 Region 3 Region 4 Region 5
every 10 [min.] (North-Eastern (South-Western (Target Area)(Landmark Area) (Landmark Area)

fpeasla] Japan Areg) every2.5 every0.5[min.] every0.5[min.]
every 2.5[min.] every 2.5 [min.] [min]

Figure 2: Al data colletion timeline.
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Whereas he full disk ad spatial overage of Bgions 1 ad 2 are fixed the locatims of Regios 3, 4 anc
can be meed around.Therefore,within a 10minute timeline, the ful disk is inaged once, lhe Japanes
region andthe TargetArea are imged four times and the &nd Mark aeas are imged 20 times. Regiond
and 2 thatcover Japarare 3000 kn x 2400 krmeach. Regins 3,4, and are 1000 kn x 1000 kneach.

Raw AHI dta is dow finked inthe Kaband at two gound stations locatedat Kanto (pimary) ard
Hokkaido ¢econdary) Figure 3).0On the ground, raw AHldata procesed to Levella (knownas Himawar
radiometric data, whif are raw d&a with calbration andnavigation @rameters gpended). kvel 1a daa
from both the primaryor seconday ground sation are &nt to the Meteorologi@ Satellite €ntre (MS¢
located inTokyo (backup facility n Osaka) \were it is futher procesed in to two higher leel products
Level 1b Hhawari Stadard Data KISD) and th Highrate Information Transmissio (HRIT) file HSD is #
full resolutbn, 16 ban calibratedand geolocted AHI dad. HRIT da has a lower spatial resolution ard
smaller daa volume conpared toHSD, and aasists of a \@ble band & 1 km, three NIR at 4 k and ten R
bands at «m spatial esolution respectively. HSD and HRIdata coveing the entie full disk ina 10 minuée
timeline isstored as 0 segment fes, wherea segment overs an Est West swach. In addion to H®
and HRITa true colou full disk B imagen the Portalle Network Graphics (RG) is cread from the
three reflective bandsat a spatial esolution ofl km.

Himawari-8

- AR
> ! Antenna site
Primary station

or _rm (Kanto/Saitama)

"_'..-Ja_-,ﬁ Secondary station
§ —

- re b e -“‘N-. - 2 e
/-"' 2 3 e \\ 7 - R o e T
( AHIdata, DCPdata fiLandline) ) (__) ( "5y’ Antenna site / Data'penter
I (Hokkaido/Ebetsu
= Data center” £ —
_ a cer .
~ (Kanto/Tokyo) Lz
g3
| b) Operation by Hope |\ 1
: € >
_________________________ R

il ¢) Operation by JIMA |

‘IIE’ |
bl -
Osaka Regional Headquarters

i i r
Meteorological Satellite Center Himawarl Standard data, A (Osaka)
(Tokyo) A HRIT files, edited DCP data, etc. A7 R

g
b=

HimawariCast
Users n ‘

!

- Residents, disaster prevention agencies, media, etc.
- National Meteorological and Hydrological Services

The primay method br users to acess the 19D and PN@lata is thraugh the intenet. Up to72 hours @
data is stoed on theHimawariClad (JMA UR 1, 2016) ad users wih a subscption can dwnload the
data through HTTP1.1IL.S1.0 praicol (JMA BL 2, 2016)Besides th 10 minutefull disk daa, users ca
also downbad the fullresolution Brget Area iles that arecollected eery 2.5 mintes in HS2and NetCB
formats aswell as truecolor PNG fes from theHimawariGbud.

The HRIT ata is broadast as “HinawariCast’using a cormunicationsatellite (JGAT 2A/2Bpand the HRT
data formd is compatble with thelegacy MTAT HRIT datformat. sers need & band DES2 antena
receiver anl computes to downlink and proess the HRI data. Fullspecificatios for the HmawariCat
antennas ad the conputer/software to proces the HRI@lata can bedund at (JM\ URL 3, 2156).
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2.2.3 GOESR COREPT OBPERATINS

In 2016, tke United Stées NationalOceanic ad Atmospheic Administation (NOA) is expead to launt

the first satllite in a rew mission & four satellies continung the Geosationary Ogrational Erironmentd

Satellites GOES) serieg his next gneration of GOES satéis, the GESR seriesis scheduledo launch n

2016 and,once opeational, will provide sgnificant erhancementsthat go well beyondthe curren

capabilities Four sathites will belaunched GOESR, ST and U) ad, in accor@nce with NDAA namily

convention will be degynated GES6 through 19 after siccessful igertion into geostationay orbit.  $
& 'tIwill carly the Advared Baselie Imager (AB whose deign is identtal to AHI.

The GOER series repesents a geerational tiange in gestationarymeteorologcal observion to med
forecastingand enviremmental nonitoring requirements. GOESR praducts will i@ much moe advancd
comparedto the legag GOES® (GOES &.5) series in tems of spatiy spectral, ad, especidy, tempord
resolution. The two gerational satellites wil be locat&l at East 75°W longitide) and West (137W
longitude),providing sinultaneous,continuouscoverage ofhe entire Western henisphere 24 a day.

The Earthand spaceobservationtechnologyimprovenents emboded in GOER will endle a highe
science da rate conpared to thecurrent GES satellitesFor instawe, while tre downlinkdata rate fa
raw sciene and telenetry from the current operational GOES satellitess 2.76 Megbits per seond (Mbp9
24 hoursper day, thepeak dowiink data rae for raw science andtelemetry from the GDESR seris
spacecraficommand and data hamlling systen is 120 Mips in the Xband. Undemominal operations, the
data content from the six GOER series instuments is epected toreach 78 Nbps, offerirg margin fo
higher datarates to spport instruments operaing in diagostic mode.

While ABIcan be conigured to mage differat areas ofthe Earth atdifferent observationcadence, tle
launch basline is confjured to ograte in two modes or imelines: Mbde 3, or flk mode, anl Mode 4, @
continuous full disk mode. In Mdde 3, the Earth’s full hemisphee is imagd every 15minutes, a
Continentd U.S. (COWNS) image igollected eery 5 mindes, and oe mesoscalemage (100 km x 100
km at thesatellite subpoint) is cdlected evey 30 second In Mode4, the Earths hemisphee is imagéd
every 5 miutes (Figue 4).

Figure 4: ABI déa collectionscene definitbns.

The GESR GroundSystem (GShas threegeographicdly separateoperationalsites (Figureb). The firs
of these, tle Wallops 6Gmmand aml Data Acqisition Staton (WCDASh Wallops Virginia, willprovide tte
primary Mssion Mamgement MM) satellie commamn and contol servicesand seleted Produt
Generation(PG) and @®duct Distrbution (PD)services (Khuri et al. 215). Theseservices cokert the rav
satellite semsor meastements tolLlb data which is rebr@adcast overthe westen hemisphee at Lband
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frequencyas GOES Rmadcast Sevices (GRB)I'he secod operatioral GS site ishie Consolidted Backyp
Unit (CBUJ)n Fairmont West Virgiia, which grforms allMM, PG ad PD functios performal at WCD&
as a redudant, secodary “hot backup”. Tle GS is degned to faibver from WCDAS tohe CBU ad
transition © operatioral status wihin five mirutes when diected by tle ground ogrators.

Figure 5: GOER series sysim architecure.

Either WOAS (primaryor CBU (rdundant bakup) can boadcast GR data. Uses with a direct broadcas
readout receiver antema can receie this datain real time.The GRB da rate is 3IMbps in the Lband ard
is in Digith Video Bradcast Serees? (DVB®) format (http://ww w.goesr.gov users/grb.liml). Legag
GOES LowRate Infomation Trarsmission (RT)/ Emergncy Manaers Weatler Information Network
(EMWIN) ata transmssion whichincludes acollection of reducedresolution magery prodicts will ke
enhancedfor GOE®R and the dita rate will increase fom 128 Kps to 400kbps fttp://www.goes
r.gov/userghrit.html).

The thid operatioral GS site ithe NOAA &ellite Opemtions Facity (NSOF) iSuitland, Mryland. Tle
GRB datasireceivedat NSOF byhe GS. ThéBI L1b d& is thenextracted fom the GRBstream arml
processednto 25 higler tevel pralucts (LeveR+), whichincludes oean, land ad atmospleric producsk
such as lad surface tenperature,cloud propeties and sa surface tenperature.All L1b and2+ producs
are distrituted to extanal users fom NSOF tlough the internet. All sitellite operations at the three sites
can be rurfrom NSOF.

In additon to GRB rad terrestrial distribution of GOE® data, thereare also plas to distritute a subse
of the daa (to be etermined) through GEONETCas®mericas, which is tke Western Hemisphee
componern of GEONHEERst, a neareal time, dobal netwak of satellie based daa disseminéion systens
designed ¢ distribute spacebased, airborne and in situ data, metadata and products to divere
communites (ttp://w ww.geonet@stamericasnoaa.gov). GEONET@ais a low ost satellitedata servie
that allows users aavss the henisphere to receive mar realtime imagery and other products fa
operationd meteorolagy and otherapplicatiors.

2.2.4 GEOKOMPAT 2A COREPT OBPERATINS

GEOKOPBAT 2A schduled to launch in 2018will operatefrom 128.2E location ad is expead to havea
10 year oprational life AMI will ollect full dsk data evey 10 minutes and will aso have thecapability ©
schedulemore rapid data collecton over regonal areas(TBD). Thesatellite cita will hawe redundan
ground pocessing attwo receivig stationsoperated ty the Natichal Meteowlogical Satllite Cente
(NMSC). laddition toprocessingaw AMI da& to Level b (calibratedand navigéed radiancs), 52 highe
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Level 2 meeorologicalproducts ae also create for scene surface aalysis, cloud precipitaion, aerosd
& radiation, and atmepheric codition & avation. Daa distribution of AHI raiances willbe both ly
satellite rdbroadcast asvell as terestrial webbased servies (http://dcpc.nmsc.kna.go.kr). &ble 2 shovs
that data ®rvices plarfor GEOKMPSAT 2A:

Tale 2: Data Saiices Plan fo GEOKOMPR2A.

HRIT (Highde Information Transmissio); >LRIT (LovRate Informatbn Transmissin); *MDUS/SDIS (medium/mall scale daa
utilization stdions).

2.2.5 MTG CONOH OF OHEATIONS

The MTGmission is atwo satellie systemwhere MTQG will hosttwo imagirg payloads:the Flexibé
Combinedimager (FCland the Ligtning Imagr (LI); andMTGES (somnder) will host the Infraed Sounde
(IRS), andhe GlobalMonitoring for Envirooment and Seurity (GME) Sentinel Ultraviolet VisibileNIR
spectromder (UVN). Four MT@ and two MTGE sateltes will belaunched &arting in 220 and ae
expected b provide ontinuous 20 years ofon orbit ®rvice for e imagersand 15.5 ears for the
sounders. When the gstem is fuly deployed,there will ke two imaging satellitesand a souding satellie
operating h parallel.

THE FCI aascan the dill disk evey 10 minues and a Ewpean Reginal Rapid&can (RRSyhich coves
oneguarter of the fulldisk with a epeat cycleof 2.5 minugs (Figure 6)

Figue 6: FCI scengypes.
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Mission daa is acquird in the Kaband frequency at two #es locatedin Lario, Itay and LeukSwitzerland
Two sites ee necessarfor redundancy as wells to copewith occasimal signal aenuation inthe Ka bad

due to seere storms. The data iglecrypted a&ad sent to he MissionProcessing &cility at the EUMETSRA
headquarers in Darmgadt, Germay for further processig and distritution of Lewel 1b, Levellc and Levie
2 productsvia terrestial communication netvorks (Figte 7). Userscan eitheraccess thedata via tre

internet orreceive diret broadcastof EUMET&3t data inDVBS2 simibr to legacyMeteosat sevices.
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Figure7: MTG groud system (kgendre, et al 2010).

2.2.6 HNG YUM

The first F¥Y series ofatellites, Fr AA is expeted to be lainched byChina by theend of 206. FYMA wil

be a syste test and @monstraton satellite,and will befollowed byFYdAB, FYIC and FAD operationd

satellites. There will ke three earh observingsensors whib include tle Advancedseostationay Radiatio

Imager (&RI), Geostaonary Inteferometric Infrared Sonder (GII) and a Ligtning Mapping Image
(LMI) (CB1S44CMAWP 01). AGRwill obsewe Earth’s fill disk in 14channels wthin 0.554.3.8 um evey

fifteen minutes. AGRWill collect mages at 0.km spatial esolution inone channell km spa#tl resolutin

in two channels, 2 km gatial resoltion in fourchannels, ad 4 km sp#al resolution in seven bannels. FY
4a is expeied to havea design |é of five yeas while thefollowing gerational stellites areexpected ©

last for seen years. Wo satellites will be opeated at 865°E and 10%E longitu@s, similar ¢ the curren

operationd FYR series. Nearreal time direct broadcas of full re®lution data Level 1bdata will be

available hrough a dial polarizel HRIT (Hig Rate Infomation Traasmission). Low Ratelnformation

Transmissin (LRIT) wadcasting bimage franes and otler data willalso be avdable. Higler level daa

products fom FY# will also be bradcast thraugh CMACdagCMA URI2016), wheh is a compnent of the

GEONETG@G& a globalnet work of satellite based daa dissemindon systemthat usescommercia
communi@tion satellies that provides enviromental datato a worldwide community
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2.3 Geostationary Satllite Missionswith Unique Capailities

The geosttionary misions deschbed earlier m this chaper (e.g. GOER, Himwai, MTG etc.)Jare all nev
missions hat provide continuity of legacy systems tlat have ben providirg vital renote sensig
measurenents for operational meteorology br over twenty years. As the exiting fleet of operationd
meteorological satellies reach tleir end of Ife, they wil be replaed by the new systens to provice
uninterrupted coverag. In addition to the nav operationd meteorolagical satellies, there arealso severh
new planred missionghat have mique capalities desiged to studyand monita specific pocesses sut
as atmosperic chemstry and o@anography This sedon will briefly review some of hese uniqe
missions.

2.3.1 AGONSTEIATION FEROBSERWMIG GLOBL AIR QWLITY

The Comrittee on Eath Observatin Satellits (CEOS) enurages, though its Vitual Constéations (VCs
as thematt or topic diven workng bodies, he coordinaion of spae based, grand based,and/or data
delivery sgtems to meet a comnon set of rguirementswithin a speific domain The CEO&mospherc
Compositimm Virtual ©nstellation (ACVC) fauses on obervations needed to mprove manitoring ard
assessmenof changesn the ozore layer, airquality andclimate forchg. CEOS AZC has defied a visia
for a geosationary saellite constllation for observingglobal air qiality* that currently includes three
ultraviolet (UV) and U\plus visiblgUVWNis) sectrometersin geostatimary orbit orer Asia, Nath America
and Europ. While these instrunents are seprate from the new gestationary meteorologcal imagers
two of them share platorms withthe meteoological imaers, and tle constellaton serves aan exampe
of a coordnation planfor imagingobservatiors from geosétionary obit. The geosationary U/ and UWis
spectromeers will pravide hourlyretrievals ofozone (Q), nitrogen doxide (NQ), sulfur dioxde (SQ), ard
formaldehyde (HCHOgolumns aswell as aersol optical depth (AOD)ver the mapr industridized regioms
of the nothern hemigphere (Figre 8). Thes measurenents are diectly relevant to urban air quality
transboundary polluton transport and impraed air qualiy forecastim.

Figure 8: EOS Geostatinary Atmogpheric Chemigy Constelldion and OMItropospheric column nitrogen dioxide
(NO2) showinghigh troposgheric NO2 calmns associted with major industrialized regions (fom
http://te mpo.si.edu/index.html).

http://ceos.org/document management/Vitual_Constellatns/ACC/Docurents/ACC_WhitdPaper A Geostatonary Satellitelx for Observing
GlobalAQw4_Apr2011.pdf
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The Geostonary Envionment Sgctrometer (GEMS) instiment is panned to @ launchedby the Kore
AerospaceResearchnistitute (KAR) in 20190nboard tre Geostatnary KoreaMulti Purpse Satelli
(GeoKOMBAT) and wilcover a 500 km x 500 km field é regard ceftred over Krea. GEM3vill measue
radiancesbetween 3® nm and500 nm wih a spectralresolution of less tha 0.6 nm ad a spatia
resolutionof 3.5 km NSx 8 km BEW at 38°N. Tie Troposplkric Emissins: Monitoting of Polluion (TEMPD
instrument is part ofthe Nation& Aeronautcs and Spaex Administation (NA®) Earth Syem Sciene
Pathfinder (ESSP) E&rtVenture EV) progran® and is phnned to belaunchedno later than 2021 asa
hosted paload instrunent onboad a comnercial satellie. TEMPOWwill coverthe continetal US, ad
extend noth to the Caadian oil ands, and euth to Mexico City andhe Yucata PeninsulaTEMPO wiil
measure rdiances betveen 290490 and 540740 nm with a spectraresolutionof 0.6 nm {ull width a
half maximum, 0.2 nmsampling) ad will havea spatial reolution of 2.22 km N/Sx 5.15 kmEW at 35°N
The Europan Sentinel UVWis and Nearinfrared sounde (UVN) is lanned to ke launchedonboard the
Meteosat Third Geneation Soundig (MTGS)satellite in2022°. Senthel % will measure radinces in tke
305 nm to500 nm and750 nm to775 nm rangs with a spctral resoldion of 0.5 m (UVNVIS)and 0.12 m
(NIR) and apatial reslution of 8km x 8 km &45°N. Thedditional vsible wavetngths (> 58nm) on tre
TEMPO ah Sentineld instrumentsallows retreval of boh total and toposphericozone colmns. TEMBP
will also rerieve glyoxh(CHOCHO).

These gedsitionary W Vis spectometers hae a long hatage on pdar orbiting satellites, ircluding the
Ozone Maitoring Instument (OM) aboard MSA's Auradellite, from the S@nning ImagingAbsorption
spectraneter for AtmosphericChartography (SCIAMACHY an inkind contribution of Germaly (DLR), the
Netherland (NSO), ahBelgium (BISpo) onthe Envisatsatellite of the Europ@n Space gency, and
from the Gobal Ozoe Monitoring Experimat (GOME)instrumentsl and 2 flovn on ESA'€ER® and
EUMETSAPolar Sgtem (EP$ Metop satellites, respectively. The CEO$®roposed Air Quality
Constellatbn will measure manyof the sane atmospleric constitients, but gostationar orbit will
enable sigificantly hider spatialand temporal resolutians. The higtresolution spatial sanpling of the
geostatiorary spectraneters will dlow charaterization d ozone, ozoe precurses, and aensols on an
urban sca (Figure 9 The hightemporal resolution d the geosétionary spectrometers will allow
characteriation of marning through eveningvariations n ozone prauction assciated with rush hour
automotive emissions.By comhiing these geostationay measurenents with next geneation polar
orbiting UWis NIR sesors such @athe Tropogheric Montoring Instument (TR®OMI), the mly payload
on ESA’s édtinel 6 Pecursor (S5P mission,we will be able to chaacterize sgoptic scalelongrange
transport of pollution from emisson source to recepor regions. The polarorbiting Sentinel 5
Precursorserves aghe gap fller between SCIAMCHY and éntinel 5 and is instumented
with TR®OMI, a spetrometer with bandsin the ultraviolet andvisible (270to 495 nnj, the near
infrared (675 to 775 m) and theshortwave infrared (23® to 2385 m) with a gatial resoldion of 7x7
km? that will be launcled during he fourth quarter of 205*°. Sentirel 6 Precurso can be uderstood as
a complenent to the Eiropean Undn Copernias progranwhich inclugs Sentineb onboard EIMETSAT's
Polar Systen Second @neration (PSEG). Semntiel 56 combnes five spetrometerswith bands inthe UVVis
(270870 mMm, 370600nm), the NIR6851773 rm), and theSWIR (159675 nm anl 23052385nm) with a
spatial reslution of 7x7km2. Sentiel 6 will be operatedon the Mebp SG satelle A seriesfrom 2021
onwards,with a total mssion lifetime of around21 years onhree seqentially laurched modules.

In additionto these W Nis speatometers trere are als plans to dunch geosttionary hyper r spectra
infrared (R soundinginstrumentsover both Europe andAsia. Howeer, there ae currentlyno plans o
launch gestationary hyperspectal infrared sounders aer North Anerica. Tle planned gostationary
hyperspedral infraredsounding mstruments nclude theBiropean Spce Agency{ESA) Infréed Sounde

2 http://sciencel.nasa.gov/abotius/smdprograms/earth systen sciencepathfinder/
? http://www. wmo sat.info/os@r/instruments/view/584

4 http://esamultimedia.esa.intlocs/EarthObseration/SPA.332_Sentinel 6P.pdf fanuary 2016)
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(IRS) onbard Meteosat Third Gneration Sunder (MG 1) in 2@2* and tte China Mteorologicd
Administaton (CMA)Geostationak Interferometric Infraled Sounder(GIIRS) omoard the fengivun r4
(FY®) in 2a.6. IRS wilprovide IR neasuremens in two warenumber (vavelength)regions: 70 r1210 cnf
(14.3 r8.26 pm) and B00 r2175cm® (6.25 —4.6 um) ata spectral esolution 0f0.625 cnf and a spati&
resolutionof 4 km. GRS will provile IR meastements in snilar waveength regios: 700r1130 cm? (143
r8.85 pm)and 1650 r2250 cnf (6.06 — 4.4 pm) at skjhtly lower spectral reslutions of 0.8 cm® and
1.6 cnt* respectively ad a spatiaresolutionof 16 km. Tlkse IR souders are pminarily desiged for hidh
temporal and vertical esolution rdrievals of tenperatureand water \apor for meteorologicalapplications
but will al® provide iformation an upper tropspheric an lower strabspheric opne. Studiehave showm
that combhing geostaibnary UWis and IR masuremens provides ginificant inprovementsin retrievirg
tropospheic ozone (Ntaj et al, 211).

Figure 9: Batial samplng of hourly EMPO measrements reldive to the Washington OC metropolitan area. Each
orange rectangk representsthe footprint of a single ptel (from http://tempo.si. edu/index.html).

2.3.2 OCEAN CODUR SEN3RS

The Geosdtionary Oean Colour thager (G@) is the fist and onlyocean color sensor lanched inb
geostatiorary orbit. Itwas develped by theKorean Aergpace Resaah Institue (KARI) anduccessfujl
launched m 2010 on bard the Conmunication Ocean andVeteorological Satellié (COMS).GOCI colled
data at 5@m spatial esolution in8 spectral lands (6 visilke, 2 NIR) naging from412nm to &4nm, evey
hour (abait 8 times daily). Thecentre of field is at 130°E/36°N, the sensr collects data over a
2500x250@m area (Ry et al. 2012. Based otthe successf GOCI, aoflow on mision, GO, is plannd

® http://www. wmo sat.info/os@r/instruments/view/232
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as part ofthe GEGKampsat 2B wich expeced to be lawnched in 209. GOCII will increa® the spatia
resolutionto 250m, an collect dda 10 timesdaily in 12 pectral bards (Table 3).Additionaly, the entire
hemisphee will be obgrved oncea day.

Tale 3: Compason of GOCand GOCHl snsors (CGM A4 KMATWF 01).

ltems COCI Specs GOCH Specs

Bus GoOMS GEOKOMPSATEB
Increased bad number 8bands (412865 nm) | 12 bands380 ~ 865m)
Improved spaial resolution 500m 250m (atl30E, Eq)
More observaions 8 times/day 10 timesiday

Pdntable & Fil Disk coveage local Area Local Area Full Disk

The GEOstonary Coatal Air Polltion EventGEOCAPEYyeostationay missiongd by NASAo host GEO
CAPE instiments onseparate spcecrafts inresponse torecommerdations male by Natimal Reseatt
Council's 207 Earth 8lence Decdal Survey. Based ontie results & instrumert design effrts, sciene

studies, ad field canpaigns, theScience Tceability Matrix was most recenty revised m July 205

(http://geo cape.larc.asa.gov/doe/OceanSMv4 7 30Jy2015.pd). The goalsare to desgn a systen

that can make hyperpectral meaurements n the UVMSNIR regio from a gostationay location &

94°+2 W bngitude ata thresholdvalue of @ hours, withthe baselie requirement remainirg at G hour.

The CoastaOcean Colur SciencéVorking Graip (OSWGHentified that the spatél resolutionshould be C
375 x 375m, with a baeline (goalyesolutionof &50 x B0 m. It is ewisioned that the GEQCAPE sensesr
would be i orbit in the 2020 time fame.
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3 Potential non meteorologicd apgications o
new generation systems

3.1 Introduction

The genertion of nonmeteorologal applicatbn (NMA) poducts usig satellite dita has bee establishd
since morethan forty years andhas primariy been baed on datafrom instruments on mlar orbiting
satellites ke AVHRRAdvancedVery High Resolution Radiometer) and MODS$ (Moderake Resolutio
Imaging Sectroradiometer), but aso from satllites like SBT and Lasisat. The irpetus of thisstudy is tte
improved @pabilities d the new generation meteorologi@ satellite magers thatow in terns of spectra
coverage ad resolutin as well agpatial resoltion are sgnificantly mproving aml approachig those tha
are proviced by mediim resolution imagersonboard poar orbiting satellites, lke MODIS o Aqua ad
Terra.

It is not suprising thatmost, if nd all nonmeteorologicd applicationproducts hat can bederived fran
geostatiorary imagery data are already today derived with corresponding dita from polar orbiting
satellites. The instrunents on the meteorological polarorbiters canprovide gldoal coverag on a day
basis, thehigher resdution imagers like Ladsat with asignificanty lower regat cycle.Whilst these
instrument have a hgher resoluton than curently avaifble or foreseen from gostationay orbit, they
face a cha#inge of acheving globatloudfree image datadue to the fiequent preence of clods. The loch
overpass tnes of theg sensors den coincidewith the periods of maimum clowd built up and coverage
As a consguence, mossingle daydata coverge from pobr orbiting stellites arecloud contaminated ard
cloudfree data can oty be achiged using dta compodiing methals over we&s to monhs. The mai
advantagedor the gestationary magers arethat they povide a sigificantly hidher tempoml resolution
with fixed viewing geanetry. Thehigh tempoal frequeng of observaions provig a higher pobability o
cloud free observatiors, a preregisite for nost NMA @plicationsas well as lhe potentid to use the
information from timeseries of daa to discrininate rapidl changing penomenonfrom staticfeatures lile
dust stoms over dsert areas. The high temporal frequency also enabls early déection ard
characteriation of diurnal variaton of rapidy changingphenomeron like wildires, volcarc ash, flak
floods andcoastal upvelling. In a@dition it is only with geostationay data thatsome spedic scientift
issues relted to the diurnal cycleand irreguér variatiors for instarce on the \ariability of greenhoug
gases, vedation and ®a surface émperaturecan be addessed.

This sectia gives anoverview d geophysial parametes and prodcts that @an be deried with the
capabilities of the rew meteaological @ostationary satellte magers, which are mt seen &
meteorological produ¢. For claritythe meteowlogical pralucts and he associatd parametes are briefy
introducedin Table 4.

Table 4: Basi meteorolaggical products

Clouds Cover, pessure, phse, optich| This, in articular clow cover, is &
properties growth rate, | critical perequisite formost other
temperature, paticle sie | applicatians includingNMA
distribution

Atmospheic Motion Vetors Speed, diection, heightpressure

Temperatue and humidlity Atmospheic  tempeature  ard
humidity at various levels, Tota
Precipitabé Water

Atmospheic instability Various istability indexes
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Precipitaton Rate, QPEextent

Radiation OLR, saF, Downwad SFC SW
reflected TOA SW, Allsbed SFC SW
upward TOA LW, Dowward SFC LW
Upward S-C LW, flux

emissivity

Tropopaus folding

For the pupose of ths report all other products and paameters thd are not lised in TableTable 4 ag
considerednon meteorological poducts for associated pplications. For solar adiation at the surface
meteorology seems rainly concened with the upward ad downwad broadbam shortwawe fluxes ona
horizontal surface. ldwever, assolar enegy applicatbns needto discrimirate direct and diffuse
componerts, solar radtion is alg included @ an NMAapplication. The NMA poducts aredivided inb
three maingroups; amosphere, @ean and lad. The folleving sectims will desabe the pralucts for the
respectiveapplicationareas, the nain characteistics and prameters ad known Imitations.

An indicaton of whichinstruments of the nev generation are curretly used orplanned tobe used o
derive theassociated poducts is ao given. Té instrumeris consideed, togetherwith the asociated firg
platform, ae the Advaced Basetie Imager ABI)/GOE® AdvancedHimawari mager (AHPHimawaris,
Advanced Meteorologcal Imager(AMI)/GEOCKOMPSARA, Advaned Geostatnary Radidon Image
(AGRI)/FYIA and Flexile Combired Imager FCI)/MTQ@1. Furthernore, as a sigificant precursor wih
many conparable caabilities, tre SpinningEnhancedVisibile and InfraRed rhager (SHERI)/MSG g
included.

In additionto the requrements ofthe Level data (see S&ion 2) on alibration, ravigation am stability,a
prerequisie for all praducts is acarate clouddetection. The consideed instruments are allmultispectrd
imagers that also inclde infraredchannels tlat enable he implemeitation of effective claud detection
algorithms.

It should aso be notedthat Tablel includes @rious paraneters relaed to radiaton. Whilst hese haveri
addition toweather forecasting als an impacton other Sagietal Benet Areas (SBs) likeSBAClimateand
SBA/Enery, these ae not further consideed in the bllowing se&tions excet for downward sola
radiation.

3.2 Atmospkheric praducts

3.2.1 OVERVIEW

The atmogheric prodicts consideed in thischapter areaerosol/dug, volcanic ah and theatmospherc
constituens ozone ad sulphur doxide. Tal# 2 gives aroverviewof all prodwcts and an ndication d
which instuments of bhe new geneation are sed or planmed to be ugd to derivethe associatd products.

Tale 5: The forseen produts and parareters for atmospheric NNVA products. Baseline=B, &ure
capability/potent ial=F).

Produd Paraneter ABI AHI AMI AGRI e FVIRI
Aerosol Detection B B B B B B

ACD B B B B B

Angstrom

Codficient

Paricle Size F F B
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Type B
Dust Detection B B B B B
Optical Depth B
Volcant Ash| Detction B B B B B
Height B F
Corcentration B F
Atmospheric | Totd Ozone F B B B
Compaition SOZXetection | F F F

The followng sectiongjive a briefoverview ofthe variougproducts.

3.2.2 ARROSOL

Aerosol isan importart componet of the eath atmosplere and ocan system.Aerosol paticles scatte
and absortsolar radiaton and theefore havea direct imgact on radiatve processs. They alsserve as tk
condensatn nuclei br the water and iceparticles of clouds. Theefore modfication of the aerosd
propertieswill causemodification of the clow properties Furtherrmore they diectly affectthe radiative
forcing ofclimate andweather. Aerosols alsgplay a role m atmospheic chemisty, providingsites whee
chemical eactions cariake placege.g. for the @pletion ofstratospherc ozone.

Lifetime ofaerosols ca be very sbrt (a few days) and thai generation very dynanic, varyingrom hour o
hour. Theycan also hee a very stong diurnalcycle, e.gwhen geneated through biomass hbrning in tre
tropics. Aeosols also ary from ore region aml ecosystento another. Sulfate aeonsols are poduced fran
oxidation d sulphur doxide emited by industy and carspxidation hat requiressun light, ad therefore
have a diunal cycle. Dst is generted in deser and desertransition Dnes (see n& section).

Various daorithms have already been enployed for the derivdion of aeosol paraneters fram
geostatiorary satelliteimagery da&. These mg rely on sparating thefast changig informaton (aerosol
from slowl changing srface featires (surfae reflectanes). In that espect it isalso easier @ derive the
aerosol inbrmation ower sea thandnd. Geneating aerosds using gestationary saellite dataprovides tre
opportunity to deriveaerosols oer land expbiting the clanging solaillumination angles dting the dy
with a fixed viewing g@ometry, poviding anglar samplig of the suface BRDFB{directional Reflectane
Distribution Function)and/or aerosol scatterirg phase fuition. However, these ajorithms ray then ony
provide adaily or three hourly aerosol estinate. Othe methods, e.g. basedon optimd estimation
techniques can provi@ aerosol peameters forevery repet cycle.

The high émporal resolution (eg. every 15minutes) gies a highe probability to acquie cloud free
observatios during aday than wit polar orbting satellitedata, evertaking the $ightly pooer horizontd
resolution nto account

In additionto the signifcant role inradiative bdance affectng SBA/Clnate andSBNWeather, aerosols ae
also directy linked toair qualityand hence © SBA/Hedilh, e.g. in elation to environmentl stress ad
respiratory problems.Aerosol emgsions fromstrong evets like volcaic erupticns and wildland fire ae
also signifiant and fence linkedto SBA/Dissters. In particular for the latter SBA, geostdonary daa
provide sigificant adwantages ove polar orbitng data dueto the hightemporal @verage. Haever, thee
are also Initations forthe geostatonary obsevations, e.gon particuér matters hat emphage the ned
of synergeic observatns with lowEarth orbitsatellites.
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Figure 10 Map of the AOT (colour sale 00.7) at635 nm for he 16" July D06 at 12:00JT (Jolivet etal., 2008).

Figure 11AOT at 500 m (left and Agstrom codficient (right) using Himavari 8 data over ocean (Hahimoto et.
al., 2015).

3.2.3 DUST

The strongmpact of dist outbreals on humaractivities tas significarly increasedhe intered of scientifc
communityin developng efficientmonitoring systems capble of detecting themand supporing activities
devoted tomitigate their effects.

Dust outbeaks have sbng impli@tions on clinate, envionment andhuman actvities. Dust mjected inb
the atmosghere contrbutes to climate change, impact human healthand e.g. Sadéran dust tansported b
the Atlantic have an mpact on cyclogenesis Visible ad infrared magery, ifproperly processed ad
integrated with information furnihed by graind based gstems, canndeed beeffectively wsed to tradk
and charaterize dust atbreaks ale in the franework of gerational erly warningsystems. @ detect dus
from spaceseveral méhods havebeen propogd throughthe yearsMany of theg techniques exploit the
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reverse akorption behaviour shevn by silicag¢ particles (he main mirerals in theSaharan dst) at 11 am
12 .m wavelengths (splitwindow), in conparison wih ice crysal and waer droples typical d
meteorological clouds.More adwanced mehods haveshown that improvenents in dus outbreaks
identification from spa&e are definiively possite, althoughsome limitdions still renain.

Figure 12Dust detection using MSGSEVIRI. LefRGB compogion for dust,right quantitative retrieval (channel 7,
9, 10 =8.70, 10.80,12.0 micron).(Romano etal.,2013).

With respet to the Saietal Benefi Areas, dushas a strog impact e SBA/Clinate and SBAWeather. It
has also @&rong impatant role inair quality kence toSBVHealth, eg. in relationto envirormental stres
and respiraory problams. Dust fron strong eents like desrt storms & also signiiant and hece linked ©
SBA/Disagtrs. In parttular for thelatter SBAgeostationay data provile significat advantags over pola
orbiting data due to the high emporal coerage. Fuhermore g$rong dust outbreaks mpact sola
insolationand can hae an impacton the shot term avaibbility of sdar power, & well as ammulate ;m
the collecton surfacesf solar gerrators andso temporaily reduce heir efficiercy. Hence ialso playsa
role inSBAEnergy

3.2.4 VOLCANIC &4

Volcanic euptions hae been moritored with geostationay satellite magery datafor more than 30 years
The earlygeostationay imagers ld only vey limited cgabilities fa ash detetion and baically singd
channel aproaches, ging the vidble and ifrared wincbw bands,were used.Whilst the use of theg
channels |eables the @tection ofstrong erupions they ely on hunan interpretation and would only ke
valid for aeas with thtk ash clods. As the apabilities d the geostéionary imajers have ioreased ale
the detecton algorithms have ber improved.$lit window methodsbased on theemperatue differene
observedwith two infrared channés providedsignificant mprovemens in the detection capadities.

Today, n& techniques, that uilize a brader range of multispectral meaurements provided Ly
geostatiorary imagerscombinedwith temporal information and moe advancedalgorithms,are utilized
These techiques, whit are fully atomated, dso allow ak cloud progerties (e.gmass loadig and heigh}
to be estmated. In adition, sone current gestationarysensors, ad most future geostatiomary sensors
allow for £, detectionand trackiry.
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Figure 13A volcanic ak plume fran Mount Rinpni extends westward ove Bali, Indonaia on Novenber 3, 2015
(21:40 UTC). Thesh emissionsrom Mount Rinjani, automatically detected and claracterized sing the
NOAA/NESIB/STAR voknic cloud algrithms andHimawari 8 satellite measurements, ae
shown. Mare specifically multi spectal imagery (bp left), ashcloud height fop right), as effective radius (bottom
left), andash loading pottom right), derived fran HimawariB, are shown(Images arecourtesy ofM. Pavolonis
NOAA NESDIGenter for Stellite Applications and Rsearch (STR)).

In order toassess the&apabilitiesof the stateof the art aborithms ard the current geostationary satellie
imagery d#a, the WMO performed a Volcand Ash Algothm Intercomparison & part of apilot projed
(SCOPHowcasting PP) (IPETBWF 2/Doc. 7.12 12.11.208). As part 6 the intermmparison,a total of 27
passive sallite derived volcanicash data set, producedby 22 diferent retrieval methoddogies, wee
intercompaed and allpassive sallite products were conpared to4 sources b validationdata. Whie
volcanic 8, satellite remote sersing is alsoa very imprtant topic, this studywas focusd solely m
volcanic a8 due to tme and reource congraints. Theintercomparison datesets includel ash clod
propertiesderived fran MODIS att MSGSEWRI data, with gives inght into the capabilities of the new
generationgeostationay satellitenow being aployed. Whilst the inteccomparism was quiteencouraging
with algorthms able ¢ detect corentration levels of 0.1g/m3 or beter, there isneed for nore researt
and only acouple of atomated a$ detectionmethods wee able to gproach theskill of a hman analyst
Furthermae, given theuncertainy of aircraftbased estimates of mas loading, tle uncertainy in satellie
based asssments isgreater than a factor ¢ 2 and mat satellite cerived mas loadings dfered from
aircraft asessments by factor of4 or more. he uncertairty in concefration will be greater.
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Figure 14:An exampleanalysis fromthe WMO Sgellite derived Volcanic Ah Inter comparison Activty: Volcanic
ash RGHleft), retrieved Ash/Dust bading (righ), CALIOP 53nm backscter with retrieved ash clad heights
(bottom). (Pavolong, 2015)

Volcanic enptions andthe subsegent disperson of volcaic ash (and0,) can hae a profound impact ;m
aviation asrecently denonstrated by the Egfjallajokull eruption in 2010. It slould be notd that only
about 10%of the 15@M+ known wlcanoes ag routinely monitored with in situ doservations hence ory
geostatiorary satellitedata provice the oppotunity to cantinuously monitor maost volcanoesaround the
globe. Furher, duringan exploste volcaniceruption, wolcanic ashcan be trasported to jet cruisirg
altitudes inas little as5 minutes. Thus, earlydetection of volcanic euptions iscritical. Gien the larg
volume ofdata constatly being cdlected by he constelldion of meteorological stellites in geostationary
orbit, volcanic eruptin detectioncannot soley rely on nanual analgis of satelie imagery. Automated
detection dgorithms ae needed b ensure tinely detection of signifiant volcaniceruptions,regardless b
the historcal activity of the ewmpting volano. Hene, quantitaive monitaing of votanoes wih
geostatiorary satellitesis a criticaklement in he SBA/Disaster for this application

3.2.5 ATMOSPHRIC COMPSITION@ZONE AN SULPHR DIOXIE)

There areseveral tra@ gases irportant for the greenhaise effect,for atmosgheric chemstry, and fa
human hedth and saéty. The capbilities of the low Earh orbit satelites to deect and meaure variols
species lik ozone, cebon monoide and nethane, arebetter than those of geostationay satellites
Several othese gasebave howerer regional,diurnal, ard sporadic khavior, wich is also dven by tre
local weaher, Therefoe it is necssary to aquire morefrequent ard continuows observatim which ae
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only posdile from a gostationar orbit. TheCEOS Atngpheric Conposition Castellation group has m
2011 pre@red a whitepaper ‘A @ostationary Satellite ©nstellationfor Observag Global AiQuality: A
Internatiomal Path Faward'. In its smmary thepaper notes:

‘Several cantries andspace agenies are curently plannng to launchgeostationay satellitesin the 2017
2022 timeframe to oliain atmosgheric comsition meaurements br characteizing anthrgpogenic aa
natural digributions oftropospheic ozone, amsols, andheir precusors, whichare important factors n
understandng air qually and clinate change Ozone, theozone precusors NO2 ad CO, anderosols ag
pollutantsthat adverséy affect human and plat health ard the envionment. Ozme and aersols are als
the primary shortfived climate facers, meaing that fuure air qulity and clinate are obsely linked
Emissionsof these mllutants ae strongly nfluenced ly human ativities. Tleir distribitions in the
atmosphee depend m complex ysical andchemical transformatiors that are ontrolled bysunlight ard
weather, ircluding therapidly varyng planetay boundary &yer and catinental rand interconinental scaé
transport d pollution. Understandng and maitoring thes processesequires catinuous nmeasuremens
with high emporal andspatial restution possble only fran geostatiorary Earth obit.’

Whilst thee now is astrong pwh for depbying dediated geostaionary mision for air quality ard
atmospherc compositbn, there § still a neel to compement those missionswith data fom the new
generationmeteorologcal geostatnary satellies for beter spatial (tte dedicatedmissions ted to havea
limited field of view and tenporal coveage as wdl as increged resoluton. The gostationaly
meteorological images are todaymainly suitedfor the deection of total ozone calmn and S@

The derivel ozone daa from currently flying geostationarysatellites las already ben appliedto studies
atmospherc dynamis, reflectig the relaionship betveen ozomr and poential vortcity in the
stratosphee, and air gality, primarily as a sortce functionin air qually and ozoe predictionmodels. Tl
o0zone obsevations arealso usefufor monitoring and foreasting UV adiation at the ground leel

These capailities willnow further increase ad for exanple the GOER ABI ozoa detectionalgorithm s
being devéoped withn the GOER AWG AiQuality tean as part & the air quality moduk processig
subsystemThe GOER ABI allowdor nearlycontinuousearth obsenation with an instantareous grourm
field of viav (IGFOV)tanadir for he visible land and 2 kn for the infrared band. Multispedral ABI da&
will be avdable every5 minutes wer the contnental Unied States wh full diskcoverage ofthe Westen
Hemisphee every 15minutes. ®ES R ABIffers frequent total coumn ozonemeasuremats at 2 kn
resolution.Similar caphilities will n the futurebe availaké for the fullgeoring.

Whereas gostationary imagers e capableof detectingSO2, thesemeasurenents are de to the low
sensitivity of the imstruments, mainly u®ful for qualitative assessmentsin areas with strong
concentratons, like m the caseof volcant eruptiors. Neverthdess, theydo provide continuous
observatios and the apability to rack S@owver extendedperiods of time.

In summay, atmospleric compogion monitoring havean impacton SBA/Clinate, SBAWeather and
SBA/Healh.

3.3 Ocean poducts

3.3.1 OVERVIEW

The ocearproducts caisidered inthis chapterare Sea Stace Tempeature (SST)ce, currens and Ocen
Colour. Thle 6 givesan overviav of all praucts and a indication of which nhstruments of the new
generationare used oplanned tobe used to @rive the asociated pralucts.
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Table 6: Freseen prodicts and paraneters for Gcean NMA poducts. (Baskne=B, Futue capability/potential=F).

Product Parameter ABI AHI AMI ARI FCI SEVIR|
SST in Temperdure B B B X X X
Ice (and l&e ice) | ©ver F B
Goncentration F
Motion F
Age F
in Temperdure F
Current F F
Ocean Calur Water leavirg radiance B
Turbidity/TSS F F
Chlorophylla B
Blue green agjae B

Most of the productsand parameers in Tal# 6 are dened for evey repeat cyle and fullresolution n
NearRealTime.

3.3.2 SHKA SURFAETEMPERTURE

Sea Surfse Temperatue (SST) iseeded for he accurateunderstandng of climae variabilityand weathe
prediction. Today ocan atmosplere coupled modellingis mandatey to advace the peformance @
numericalmodels wih SST as prime varialde in additon to the dynamic paraneters likesea surfae
roughnessand waves.

Whilst SSTan be meaured accuately with buoys and ober methods, satellite dita is also equired fora
full characerisation ofthe SST. ThGroup forHigh Resaition SST (BRSST,; sedtp://www .ghrsst.org)
combinesall various surces for acomprehersive SST piuct. In thiscontext it s importantto note tha
satellite data provides the socaled skintemperature which accoding to GHRSST is defed as tke
temperatre measure by an infared radioneter typiclly operatng at wavedngths 3.72 um tha
representsthe tempeiature within the condutive diffusion dominated subtayer & a depth d ~1020 um
The SST skimeasurenents are sbject to a lage potentialdiurnal cycé.

SSTs hadeen one of the early non meteorological gplications from meteorological @ostationary
satellites,but with limited utility due to poorcalibration and single ifrared bandobservatims. Since th
advent of split window capabilities in the infared windav band, acurate retrieval of SSThas becore
possible. ldwever with the further improvenents in instumentation geostatiorary satellitedata is ale
becoming mcreasinglymportant due to the inproved cajabilities of the new geneation imagers and thei
improved calibration aad characgrisation of the instrument. An inportant aspect is the aailability o
multispectial informaton which iscritical for efective thincirrus deted¢ion and mosture corretions.
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Figure 15 SST from Hiawari 8 usng GOE® aborithm (Coutesy A. Ignabv, NOAA NBEDIS Centerdr Satellite
Applications and Rese@h (STAR)).

This impraed calibraion and insrument characterisation, supportel by inter@libration activities (se
GSICS in apter 5) nav enable thederivationof the SST wh an accuray of 0.2 Kor better.

Figure 16:mpact of appication of G3CS correctins to the retieval of SSUncorrected $Ts observanns (top left
day time, top right night time) and associatedSSICS correetl observatians (bottom) (CGM344 KMA WP 01,
2016).

The largescale behavur of SSTcan well becaptured by polar orhiting satellie data andthe generad
diurnal cyle describe by four observatiors per day satisfying he Nyquist sampling equirements
Geostatiorary satellite data are however aso required in order to guarante sufficient cloud free
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observations during tle day butalso for amore accurée depiction of the diunal cycle.This enabls
developinga better urderstandingof the sea arface proess e.g. ash®wn below,where thediurnal cyct
as depictedoy satellitedata is sigriicantly difierent from that just belav the surfae.

D

Hgure 17: SEdiurnal cycé as depictedoy satellite cata vs buoydata. (Le Borge et al, 202).

Furthermae the hightemporal resolution al® allows todetect andmonitor cags with rapd changes b
the surfaceconditions ike in coasdl upwellingevents.

Accurate ST retrievalsalso enabldhe identification of stiong surfacegradients. Tiese can b&xploited fa
the identification of S$ fronts, curents and edies. The lgh temporl coveragewith geostdionary data
combinedthe associad increase probability for cloudfree obserations thengive the oportunity to
track sea srface structires.

Figue 18: SST gdients (left) and associate eddy trajecories (right).(Legeckis ath Le Borgne2009).

The appliations of ST go hovever beyorml those of SBA/Climée and SBVWeather and incluck
SBA/Ecosstem assesment, SBAWater (eg. marine biology, fidiery) and tourism. Tl improved
descriptionof the coasal SST is aldmportantfor coastal esource maagement.

Derived fom the best available scientific information, the TurtleWatch mgo displays sea surfae
temperatue and ocea current coditions ard the predi¢ed locationof waterspreferred by the turtles
The mapped temperaure values epresent aerages of Sbinformation for the nost recentlyavailable 3
day period.The mapsridicate varations in o@an temperdure as wells the direon and stength of the
average oean currens over themost recentweek of awailable data.The mapshighlights tre areas wih
temperatures between63.5°F and5.5°F thatrepresent he regionwhere morethan 50% 6loggerhea
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turtle interactions hae occurredduring the first quarter of the yea and shoul hence beavoided fa
fishing. (htps://pifsc www.irc.noaagov/eod/turtlewatch.php).

Figure 19: fie TurtleWach map for D 21 Februay 2011. The mall grey arpws show tte direction ard strength of
the averagge ocean curents over themost recentweek of avaliable data. e solid blackines and tte red brown
area in betweenmark the 635°F to 65.5°Femperaturearea and tha should be aoided for fishing.

3.3.3 ICE

Ice reflectace depend strongly m its internd structure,such as brie pockets o air bubbles of the nea
surface lagrs. These iternal stru¢ures chang with seasa, state of the near surfae layers, ad age of tke
ice, whichresults in diferent ice ypes. Ice siface reflecance is diffeent from sow surfacereflectance
Ice consig mainly ofsheets, whie snow comists of grans. Snow réectance sbws very hgh values &
visible chanels, but bw values & shortwvavelength chanels longerthan 1.4 nicrons dueto the mud
stronger dsorption and much les back scattring at those infraredchannels. fiis featureis shared i
snowcoveed ice andmany ice tpes. Most ofthe ice suréces show tgher refletance at vidile and nea
infrared channels thanwater surfices, whichcan be usedio detect ce cover. ldwever, sone ice types
such as clar lake iceand greasede, can bdlifficult to detect due b their verylow contrast with open
water.

Cryospheréhas has aimportant socioecononic impact de to its rolein water regurces andts impact o
transportaton, fisheries, hunting,herding, aml agricultue. Accurate ¢ge observabns from gostationary
satellites herefore conribute to BA/Water and SBA/Ecgystems Crosphere ale plays a ghificant roke
in SBA/Cinate for climate studes, and uneérstanding he cryosplere is criti@ for SBAWeather for
accurate veather forecasts. Amog the propeties of thecryosphere, ¢e cover ad ice concatrations ae
the most important. Whilst traditionally ice has ben monitored using microwave sensors ad
visible/infrared images on low Erth orbit satellites, the frequent (15-30 mimites) obsevations fran
geostatiorary satellites give bette chances @ observe @udclear senes durig. These hig frequeny
images ca be used ér better tracking of ie motion particularly & lower lattudes whee the imag
resolution & still reasoable.
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Figure 20:4) SEVIRbased seaice map over the rorthern part of the Caspia Sea on 28¢ébruary 2007at 11 h 15m
AM UTC ad (b) the MODIS truecolour image fa the same dy. (Temimi ¢ al., 2011).

3.3.4 OCEAN CODUR

Ocean colar applicatons from poar orbiting satellites arenow matue and haveprovided thejustification
sustained perationalobservationsof variousocean colouparameters For instane near reatime alertirg
for harmfu algae bloms and tle assessmm of sediment transpat in coastalwaters, prticularly &
related tohuman activties (dredgng, offshoe constructon, etc.), a marine cabon cyclemodelling ae
critical. Podr orbiting satellites havever sufferfrom a lak of informaion duringcloudy perials and fran
inadequate resolution of quicky warying pocesses, @. related to the diunal cyclesthat drive
photosynttesis, or thetidal cycle which afects sedimat transport Ocean caur remote sensors a
geostatiorary platforms would trerefore signiicantly impove in tenporal samphg giving eme specift
advantagedike:

X A dramatic impovement inthe numbe of days/yer in which ¢oud free data can be aquired
X The possibilityto resolve hyh frequeny processesluring clow free perials, thus briging entirely
new marine pocesses intdhe realm d ocean colar remote £nsing.

Geostatiorary ocean olour sensos are hene under comsiderationby a numbe of space gencies ad
indeed, Koea has lauched its firé geostatiorary ocean olour missbn GOCI (Gmstationary Ocean Colo
Imager). Whilst dedi@ted oceancolour missons due totheir higher radiometic performance havea
significanty better cgability for ocean colar applicatons than gestationary meteorologcal images
(IOCCG, 2AR), there isstill signifi@ant potentia for the meeorologicalmissions tcaugment tie data fran
dedicatedmissions dudo better gatial coverge (full disk)

The radionetric perfamance (eg. low signa to noise ratio) of the new GEGmagers nay limit the
applicationof Ocean Glour in hidily absorbiy CDOMdominated ard open ocea waters de to the lov
reflected marine sigml in certan spectral lands, howeer they dfer great mtential for monitoring
applicatiors in highlyscattering turbid coastawaters.

Ocean colar applicatons are alsdighly denanding in tems of calilbation, requring a visile calibration
of 1% andbetter. Thisis difficult © achieve fom geostatbnary orbit. Hence geotationary meteorologicd
imagers wih limited vsible calibrdion capabilies and on} small nunber of visibé spectral fands provic
only limited potential. However,there are sme paraneters that @an be derved with neteorologicd
geostatiorary imagersand the cabration iss@s can be lgeviated usng new cabration tedniques, lile
lunar calibation as praided by GRS, (see ston 5).
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Indeed it fas been shwn that already todayMSG/SEVIREAD be usedo estimateTotal Suspaded Matter
(TSM) conentration ard turbidity .In additioncoccolithophores, a speies of marire phytoplarkton, can ke
detected ly MSG/SEWR. These gaabilities ca be furtherimproved wth sensorsike ABI/AHIAKI, FCI ah
AGRI.

Furthermae, until a full geostdionary oean colour constellation is deplyed, the gostationay
meteorological missias will provde the full georing @pability wth better temporal coerage than
available fom polar obiting satelltes.

Figure21: Concentation of Totd Suspendedatter (TSM)in the North Sea, derivedrom SEVIRImagery
(Neukermans et al, 2009).

Figure 2: Comparisn of a daily omposite of SEVIRI turbidiy data (T, NU) with a sirgle daily MISAqua
observaton (Neukerrmans, 2012).

Figure 23: Gccolithophare bloom as tiserved byMSG/SEVIRVanhellemort et al., 2013)
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Figure 24 Bluegreenalgae monitaing of TaihuLake using Hhawari 8 satllite data on Sep 8 2015CGMHA4 r
OMAWPDO1, 20AL6).

JAXA deveped an aean colou inversion for Himwai B8 AHI d& (Murakami, 2016) by adoptirg
algorithms previouslydeveloped br polarprbiting sensos. For theretrieval of chlorophylla these ag
based onempirical band ratio algrithms usirg atmosplerically corected remoe sensing riectance @
input. Thechlorophylla productsand their rowse imags are alscavailable fran the JAXAdimawariB
Monitor portal at http://www.eorc.jaxa.jp/ptree/.

Figure 25Averaged chbrophyll a retrieved fromHimawari 8 observations @:0001:50 U'C on 20 Jul015 for the
wider Ada Pacific regpn (left) andinter compaison of Himavari B8 retrievals with MCDIS daily Le#l 3 (right)
(Murakami, 2Q.6).

Ocean caur applicdions and he benefits by geostdionary satllite data can havea significam
contribution to SBA/Water, SBA/Cimate, SBAEcosystemsand SBA/Health.
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3.4 Land products

3.4.1 OVERVIEW

The land poducts cosidered in his chapterare Fire, Liad SurfaceTemperatule, Snow, Flod/Standirg
water, draught, vegetaion and alledo. Table 4jives an osrview of allproducts ad an indicaion of whidt
instruments of the newgenerationare used oplanned tobe used to @rive the aseciated pralucts.

Table 7: Breseen pralucts and paameters for nd NMA pralucts (Basetie=B, Futurecapability/potential=F).

Product Parameer ABI AHI AM AGRI | FCI EVIRI
Fire/(Hot Spot) Detecton B B B B B B
Fire Radiatie F B B
Power
Land Surface | Tempeature B B
Tempeature
Snow Cover B F B
Depth pver plains) | F
Flood/Sanding waér | Detectbn F
Vegetaton GreenFraction F F
Index F F F
Drough Detecton B
(evapotanspiration
Vegetdion Health F
Index
Albedo Reflecance B
Incidert Soar | Downvard B F F B B
Radiaton Shortwave
Radiaton

Most of the productsand parameers in Tal# 7 are dened for evey repeat cyle and fullresolution n
NearRealTime.

3.4.2 FRE

Fires are a indicationof deforestdion and of &nd use pratices thataffect both the land praluctivity ard
the atmogheric compsition. Mog fires areman made, @cur in thetropics, arerather small and havea
duration d up to a fev hours. Fire of woodymaterial (eg. in deforesation) areof a longerduration ard
fires of gasslands andagriculturd waste areof a shorte duration. Wild fires n the mid &titudes ard
northern regions (e.g.USA andCanada, Rusa, Austral) are of major ecolaical and ewmironmentd
importane. They arealso a thred to populded regionsdirectly as ire hazardor indirectly through the
emission 6 polluting snoke.

Forest andwild fires ae an impotant compament of the savanna, tadra and loreal forestecosystems
The increaing rate ofthe occurrexce of fireshowever tas increasedhe concen over ther impacts o
climate chage and fraile ecosystms. This rquires efficiet and effetive methods in forest fie detectim
for near rel time maonitoring so & to minimie these inpacts. Rerate sensinghas been wdely used
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active forest fire detedion. Fire déection hasfor a long tme been grformed wih polar orbting data &
they haveprovided magery infomation with a 3.8/3.9micron chanel and wih sufficiert resolution
However,due to the rature of the fires, theirsignificantdiurnal cyok triggeredby agricultual practices
polar orbitng satellitesonly captue a fractionof the fires.Whilst prodicts like fie radiative pwer (FRP3i
approximdely propotional to the biomasscombustion rate armd thus the smoke enission rate
supplemening this inbrmation with the geognchronousdata captumg the diunal cycle, gen if witha
lower spatal resolutian, is very inportant. Geosynchronais satelliteshave the caability to provide quas
continuous(e.g. everyl5 minuteg observatims. They terefore suplement the information from pola
orbiting saellites by déecting andmonitoringthe diurnal gcle of themore energeic fire. Furbhermore the
high tempaal coverag provides tle potentialfor early deéction of stiong fire evats.

Monitoring and forecating of theatmosphert compositio in atmosgheric envirmmental sevices, liken
the Europan Coperrius Atmosperic Monitoring Servies require toundary candition estmates of tre
smoke fluxto the atmosphere dueto biomassburning. Thé can be dae using fireradiative pwer (FRP&
done e.g.m by the EMETSAT LarSAF usin§EVIRI obseations. Theefore the povision off/RP product
from the aher geostaionary sateltes currenty operatingaround theglobe woutl be highlybeneficial fa
such envionmental sevices.

Figure 5. EUMETSAIand SAF FRproduct fromn MSG/SE\RI (Roberts efal., 2015).
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Figure27: LSA SASEVIRI FRPIXEL Productaptures pe&s better thanMODIS (Balassarre et al 2015).

Fire detecton and FRRre signifiant contributors to seeral SBAs itluding SBAClimate SBA/Weather,
SBA/Healh, SBA/Ecogstemsand SBA/Agricuture.

3.4.3 LAND SURACE TEMHRATURE

The diurnalcycle of lad surface tenperature LST) is anmiportant element of theclimate systm. LST ah
its diurnalvariation ae crucial fo the physial processe of land suface energ and wate balance &
regional aml global sales. The dirnal cycleof LST is chely relatedto solar inslation, the state of the
atmosphee, and surfice charactristics, e.g. soil type, soil moistue, and vegetation cover. Satellie
remote sensing provi@és the uniqe way to neasure the durnal cycleof LST oveextended egions ands
sensitive b heat wave but can ado be usedover small aeas like formonitoring urban heatisland (UH)I
effects.

Whilst urkan heat islad studies hae generallybeen condcted usingair temperatures thesehave focusd
mostly on he featuresand causesf UHIs andhe relation between weather condtions and UHI intensity
Alternativdy, remote ensing datafrom satelltes can be sed to stug UHIs. Ashe quality ofbackgroumnl
data, suchas the surfice spectralemissivity,has increaed and the etrieval al@rithms for land surfae
temperatue (LST) ha/becomemore sophisicated, thequality of ST data retreved from sitellites has
greatly inproved in reent years. Therefore he capabiliy of geostéionary satdite data tosupport the
assessmenof the immact of heatwaves in uban enviromment is inceasing andd importantin megacity
areas, in peticular when combinedwith other data like gespatial infomation or plar orbitingdata.
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Figure28: Land Suice Temperatire for derived from MSGSEVIRI (Q@Sd4 EUMETBATIWP 84 ,2016).As
geostationay satellite magers have isice the verybeginning ontained obsrvations in the infrared window region
and todayalso with spit window cgpabilities it ispossible toderive consisént LST for tle georing. The accuracy
and consisency of thos observatiors will improve with the enrhanced capahilities of the full georing that enables
higher temporal and spatial reslution observations with multispectra capabilitiesfor cloud dekction.

Figure 29: nn the framework of the Copernicus &, besides he hourly LS, also dekadcompositesare provided
together with the Thernmal Condition hdex basedn a multiyear climatology. (CGM314 BEUMETSATVP B4 , 2016).

LST is a dhkct indicabr of the irstantaneows land stres affectingthe hydrolaical cycle ad hence
contributes to SBA/Agiculture aswell as toSBA/Ecosystens. As a component indrought manitoring ard
the potential for suprting the nonitoring of strong tenperature aromalies ove land it alsocontributes
to SBA/Dissters

Nonmeteorological Apfications for NekGeneration of>eostationary Satllites Study | 3



3.4.4 SNOW

The potental to estimate the deph of the sow pack fran satellite dservationsin the reflective part o
the electranagnetic pectrum is Imited and,there is nodirect physcal relatiorship between the snav
depth and reflectivity of the snav surface.However, die to the structure of vegetationand terran
roughnesschanging sow depth causes a grdual chang of the fragion of the land surfae masked g
snow. Alorg with the s1ow fractin, the refle¢ance of tle land surfae also incrases with tle increasig
snow deph up to sane depth where the urderlying lam surface $ completel masked lg snow. Tts
relationshp betweenthe snow @pth and the surface rélectance o the fracticnal snow over is quie
pronouncel for thin to medium thck snow paks and thugprovides neans for estinating snav depth. Ths
would be obscured inthe preseme of treesthat maskand cast shdows andtherefore poviding the
potential to estimate sow depth n areas withno or verylittle forest cover. The elationshipbetween the
snow fracton and thesnow deph is activey used in dmate and &nd surfae models topredict the
fractional :iow coverwhen the dpth of the snowpack isknown. Anempirical gproach maching snev
fraction deived directy from GO Imager olservationswith synchraous in situmeasurenents of snav
depth is the basis forthe snow over produd planned ér GOERR. The ABI sesor, and hace all othe
instruments of that clas, with ther high spatidresolutionand multi sensor capality in both the solar ad
thermal spectrums, ae well suied to modern Snow Gver retrieval algorithms that are capable
detecting siow at subpixel levels.

Figure ®: SimulatedGOESR ABFractional Srow Cover fran GOESRSG4rocessingf proxy ABldata from
Moderate Reolution Imaging Spectroadiometer (MODIS), Mari 1, 2009 (Cfie et al., 20D).

Today’s Sow Cover poducts can acurately @étermine nd only whatfraction of apixel is coered in snav
but also sow grain ste and refletivity. Thenew generaion geostaionary ima@rs can infom us abow
extent and morphology with a frequency an accuracynever befoe enjoyed rcharacterisics that ae
critically inportant to climatologiss and hydréogists. Heoe these poducts havethe potental to suppot
SBA/Climée andSBAWater.
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3.4.5 FIOOD/STADING WATER

Floods arethe most frequent of natural disasers affecthg millionsof people gbbally. Desfie this, few
techniquesexist for the rapid deection andmonitoring d flooded land. Whilst i situ methods produe
good qualiy results tley are expasive, whichis a particlar concernin the devéoping worl, where the
majority o people afected by sch floodirg events lie. It is theefore impatant to develop globa
techniquesfor flood deection, paticularly astiis predict@ that climae change may lead to nore frequert
and moresevere floaling in thefuture. Whikt again te use of padr orbiting satellite dat with ther
diverse insrumentation provide sgnificant cgabilities forflood montoring, in raidly changng situatiors
more frequent observaions as preided from geostationay orbit are reeded.

Limited flaod mappingfrom spacehas been ehieved byexamining banges in te Normalise Differene
Vegetationor Water hdices (N™M and NDW), but NDV is designd to monitor vegetation, and so s
unsuitable for flood mapping if very sparseor dense egetation ispresent. With the adrent of new
geostatiorary sensorstiis now pasible to gam cloud freeVNIR obsefations of &nd surfacesnuch moe
rapidly than before. Ithas been Bown that the land suface can beviewed onmultiple ocasions ona
better than 3 day timescale with eg. SEVIRI.

Analysing lhe variationin surface eflectanceas a functionof the suns position alows for examination o
the propeties of the lad and, in @rticular, the ability tomap areas tht are flooced at a givertime. Wate
displays avery distinctset of scatéring pattems and thesecan therefoe be used ¢ identify aeas that ae
wholly or partially submerged. De to the dynamic and tansient naure of floading eventsiit is vital D
examine hem with an instrunent capabé of rapid data acquiition which the new generatin
geostatiorary satelliteswith their improved cgabilities nav provide. This is well @monstratedin Figure 3
where oneday of Hinawari obsenations givesa more canplete overvew over tte flooding e/ent in Chim
in July 206 than the orrespondirg SNPP/VIiRdata.

Figure 31 Flood mapjpng over Chia using SNPR/IIRS threaday composie(7 © July 206, left) andHimawari 8
one data composite 7 July 2016, ight). (Goldkerg, 2016).

Flood andstanding waer monitoring can theefore essetially contrbute not only to SBA/Dsasters but
also suppat SBA/Agriclture and SBA/Ecosystms.

3.4.6 VEGETATIO/DROUGIT/EVAPORANSPIRTION

The distrilution of vegetation, is properties and state,is of majo importance for a wide range &
applicatiors, namely:

Environmentalmanagemaet;

Natural Hazard monitoring;

Agiculture andforestry;

Climate changestudies;

Numerical weaher forecas models.

X X X X X
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Changes inthe land over eithercaused by banges in lad use, clinate changeor natural hazards (lik
forest fires or drougltis, for instamce) may hve a hugesocial andeconomic impact. Renote sensi
provides tle best meas to monita changesn vegetationover a widerange of tenporal scads over larg
areas.

Several epirical indces have been propsed and usd through the years, which albw an eag
identification and manitoring of the vegetaton conditins from satllite measwements. Hwever sub
indices hae several diadvantagesBecause thy are ratiobased theyare nonlinea, have nois effects anl
are not stuctural prgperties of land surface eeas. Theraare severakey variabés that canbe use fora
wide rang of land bosphere aplications that are more directly rdated to vegetation properties arml
health than conventional empiricalindices. Th Satellite Aplication Fcility on Lad SurfaceAnalysis (LS
SAF) prodces severabf those varables, makig them avdable both innear real tme and offtine.

Figure 32 Spatiotemporal dynamts of NDVI duing a growirg season usig InsatBA data. [Nigam & al., 2011).

The abovetime seriesof 16 day NDVI compsites havebeen comptied from chily NDVI toanalyze tle
spatiotemporal dynamics of NDVFfor a growng seasorover different land coer categories from Jue
2008 to March 2009. i agricultue, NDVI shaved quite hgh dynamis as compaed to deset and forest
respectivey. It can beseen that inindo gangetc plain NDYshowed hih dynamicf intensive agriculturad
activities fom June 208 to Mard 2009. In Ido gangeticplain, oveall spatial NDVI was lowduring Jue
but it increased from dly due to ncrease ofvegetation over with progressionof monsoonrainfall ove
Indian landnass. TheNDVI showsdecreasingrend durirg October vith the maturity of khaif crops bu
again showincreasingrend in November andpeak in Feluary due toprogress ofabi crops.
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Monitoring evapotrarspiration and the extent and sewerity of agicultural dought is @ important
componer of food ar water seurity. An example of his was thesevere draght that stoke Eastan
Africa in D09, causingcrops to &rink and threatening millions of people with garvation (hdependent
2016). Anther exampe of droudnt monitoring is given blow usingChinese F¥ over Chia. Comparel
with the average surfae evapotraspiration diring the sane period br more than ten years,Yellow cola
means noobvious evaotranspiraion changeduring the monitoring period, andno droughtoccurs. Red
brown andblack areameans surdice evapotanspirationduring the monitoring period is laver than the
average espotranspi@ation, and dought occus (the deg@er the cola, the drier) In contras, green ad
blue colormeans surdice evapotanspirationduring the monitoring period is ligher thanthe averag
evapotrangiration; it shows thatwater supplyof land suréce is enouly (the deegr the color,the wetter).

Figure 33Drought manitoring in Chna using F¥2. FY2D Perentage of ewapotranspiraion anomalyin North of
China and ianghuai Rgion Jun.7dwn.16,2015 (I&t) and Jun.15Jun.24,2015right). Areas in white arecloud/snow,
areas in lght blue water. Colour scke ranging fom black to drk blue is inpercentage. (CGM34 CMA WP 01,
2016).

Agriculturd systems a climatesensitive, andconventioral surface nstrument retworks ae sparse ad
sometimeswith signifcant lateng, in particdar in devebping coutries. Satelte monitoring therefore
provides tke potentialfor global dficient andtimely montoring of water balanceand deficis and can b
used to spplement marser resaltion data fom weatha and pregpitation networks to asess drough
conditions. Whilst traditionally polar orbiting satellite data woud be used the new generatim
geostatiorary satellitesprovide the potential b support e/apotranspiation andwater stressmodelling &
well as draight and waer stress ronitoring. Because landsurface tenperature (L) is strongl modulated
by evaporsion, thermal infrared {TIR) remotesensing di&a carry valable infomation regading surfae
moisture availability and therefore have bea widely ugd to map ET, drought and vegedtion stress
Signaturesof vegetaton stress ag manifestal in the LS signal befre any deérioration of vegetation
cover occus, for exarple as indicged in the NormalizedDifference \égetation Irdex (NDVI)so TIRbased
drought irdices can povide an effetive earlywarning of mpending agicultural diought.
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Figure34: GOES epotranspiration GETFD poduct. [http://www.osp 0.noaa.gov/Roducts/land/ getd/].

The GOEXxvapotranpiration ard Drought GETD) praducts are @rived fran the Atmaspheretard
Exchange Inversion model (AEXI). ALEXlcomputes principle surface emrrgy fluxes, includirg
Evapotranpiration (EY, which is acritical boundary condiion to weaher and hydologic moeklling, anda
quantity required for regional wate resourcemanagement

(http://ww w.ospo.noa.gov/Products/land/getd/index.html).

Satellite deived ET dia productsare critical b improvingland surfae model sinulations aml in order
improve rumerical weather/climate forecastsmore accuate and conplete ET ad drought dita producs
are criticalfor agricultual managenent forecasts.

Figue 35: Drough determination using VH(VegetationHealth Index) (CGM34 KMA WP 01,2016).

Flood andstanding wder monitoring can theefore essenally contrbute not only to SBA/Dsasters but
also suppot SBA/Agriclture and SBA/Ecosystms.
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3.4.7 EPIDEMIOLOGY

Associatios betweensatellite derived envirmmental varables suchas temperatre, humidty, and laml
cover typeand vectordensity hae become tandard tetiniques to dentify andcharacterie habitats d
disease casing vectos such as msquitoes ad ticks. Thee has beera significah evolutionin modellirg
approache over thepast twenty years to nap vector pesence/absnce and &undance, ¢ create rik
maps for epidemiolagy. Earliermethods elied on satistical carelations hketween time series 6
NormalizedDifferenceVegetationindex (NDVj| and LandSurface Teperature (IST) measuements fram
AVHRR wiit entomolajical and pidemiologtal data beause of tlke availabiliy of a longterm globd
AVHRR datset from he late 19Ds. A few tudies alsoused Cold oud Duraton (CCD) frm Meteosa
satellites & a proxy forrainfall along with AVHRR data. Té next geneation of gestationarysatellites wil
provide inproved satdlite based @vironmental variablesfor epidemology and povide new g@portunities
for modellng vector lorne diseass. Frequet temporal resolution and multigpectral obsevations wil
improve cbud free dservationsof land sub as NDViand LST cupared to polar orbithg satellites
especiallyn tropical aeas. The ehanced spetral measuements inthe infrared(IR) bandswill improve
rainfall estmates by poviding inceased sensivity to clou top propeties such a phase andarticle sie
comparedto legacy gostationaly sensors.When geos#itionary IRmeasuremats are conbined with
microwavemeasurenents from lar satellites, the preciptation estmates are b#er than those that ae
derived fran legacy gestationarylR measurments alone,and it resuis in more fequent andlow lateny
estimatesof rainfall, especially indata sparseegions thatdo not hae a dense atwork of ether grourd
based radaor rain gages.

Figure 36Dekadal (10day) precipitaion estimates from NOMA's Climate Pediction Cener derived flom merging

measurenents from three satellites gnsors (IR ftm Geostatimary every ® minutes ard passive mitowave from

two polar orbiters up to four times aday) and rai gauge meaurements (Idt, Xie, and Akin, 1996) ad Vectorial
Capacity (ight, Ceccatet al. 2012).

Vectorial @pacity thatdefines preipitation ard temperatre as the Initing factas of malariancidence $
the daily rae at whichfuture malaia inoculatons could aise from a arrently infected case.tlis used as
convenientway to expess malarigransmissia risk or reeptivity of an area to nalaria. (Greer Kopec ¢
al., 2006)

Next geneation geosttionary satllites will piovide morerapid temgoral update,higher spaitil resolution
and morechannels vhich will inprove the pecipitation measuremets. A god exampleof this is the
recent JIMAHIimawariB satellite. Alditionally, the future geostationarysatellites (leginning wih GOE®R n
late 2016)will fly lightning mapgrs whichwill greatly mprove the precipitation estimaton by bette
delineating regions & active caowective ranfall. Therdore the dita will have a directimpact m
SBA/Healh.
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3.4.8 ALBEDO

Anthropogenic changs to the physical propertes of the lad surface an perturb the climateby modifyirg
processessuch as tle fluxes oflatent and sensible leat and the transfer & momentun from the
atmosphee. Anthropayenic changs in the lage scale cheacter of the vegetation covering be landscap
(‘land cove’) can alsoaffect physcal propertes such asurface alledo. Albedois therefoe inverselya
good tool b monitor these changgas well asn general lad use andcan well dejict regionalchanges ad
differences Albedo is k0, throughits direct ontrol of the surface ragation budget, an impotant input to
weather and climate models. Alledo is oneof the Essatial Climae Variablesisted by @0OS and th
requirement for longterm, glokal, homogaeous, and complete datasets $ high. Tle Sustained
Coordinatel Processig of Enviromental Satdite Data fa Climate Mnitoring (S300PBECM) intiative ains
at coordinding coopeation amory operationd space ageries. One othe data sés derived mder SCOPE
CM is the dnd surfacealbedo. Abedo changs in spaceand time, depending onboth natuml processe
(vegetationgrowth, ran and snovall and snav melting, wildfires, et.) and hunan activities(forestation
and deforestation, hawesting crop, anthropayenic fires,etc.). Grou based masurementsare of grea
importance for the asessment an evaluationof local aul regional ariability ard change, wile satellie
remote sansing offersa unique @portunity for documerting and nonitoring the spatial suface albed
distribution, its varialiity, and dange at ontinental sales. Obsevations aquired by gostationary
satellites fave the adwantages of dfering botha longterm dataset and an angulasampling  the surfae
as well agroviding durnal samplng of key jarameters iriluencing tre retrieval,such as clod cover ad
aerosol lod.

Figure 37: Boadband blak sky albed spatial conposite product for the period 140 May2001 [http:// www.scoper
cm.org/].

Albedo nonitoring contributes directly t© SBA/Clnate and SBA/Weaher but ako suppor
SBA/Agriclture and SBA/Ecosystens.

3.4.9 INODENT SLAR RAIATION

Downward Shortivave Radiation(DSR) is esstial to clmate studes and to mderstand he radiative
forcing of douds and arosol. It isa key compaent in thesurface enegy budget ad can be ged either &
an assimileed quantily in numeri@l climate and weatherprediction models or asan indepenent soure
for validaton and verifcation. Havever, DSRan also beused in NM\ applicatins directly. h agricultue
DSR is uskas input incrop modeling. In hydology, it isused in wagrshed and un off analsis, whichg
important for determning flood risks, dam monitoring. Geostatbnary sateite data is particularly
interesting for the sohr energy ector, providing nearmreal time olservationsessential fo shortterm
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forecasts or solar enegy producton as well a for building energy usge modellirg and optimzation. Hid
irradiancevalues alsoesult in surbce drying ad DSR carherefore al® be used irmonitoringfire risk.

Figure 38: Bgional Surfae Daiation fom Meteosat (left) and QGobal SurfaceRadiation flom multiple geostationary
and polarorbiting satelites (right). (Trentmann & al., 2013).

3.4.10THE USE ORGBS

Until recerlly imagerson geostatbnary sateltes were Imited to 28 spectral bannels, i.eVIS, IR (ah
WV). Imagrs on satellies in polarorbits offered a coupleof additioral channelsg.g. 3.9 micon and spti
window. TaditionallyRGBs have éen used inweather forecasting asn easy mans to emplasise certan
aspects cptured by the satellite dita. Howeer, this technique can ado be expaded to NMAapplication
Various scames exisfor displayig the imagey, and intepretation issometimesdifficult when not beirg
acquaintedwith the paticular colarring.

The adveh of true multi spectrd imaging m geostaticmary orbit 5 offering the use offalsecolowr
multichanrel RGB imgery for eager image iterpretation. On RGBidplays sora characteritics may Ie
easily evienced with a minimum of procesgng by attrbuting a sedction of dannels anébr channd
differencesto the indvidual RGBcolour plaes. SuchRGB compeites conve very usedl additiond
information to duty forecastersand image analysts, inparticular when lookhg at animated imag
sequencesBesides pocessing orthe fly andher advarnage of RGEBompositirg (as oppeed to moe
sophisticaed processig using clagfication algrithms) is hat the imajes presere the “natural” look and
feel of “traditional” saellite images, e.g. theypreserve teture and @tterns arecontinuousin time. Ary
classificabn schemetends to flaten texture (down to chessboardike pattems and misunclassifie
fringes) am to introduce temporl inconsiséncies. Thes defects lamper relible interpreation in an
operationd environment. In partcular imagesequencesare not suffciently smath when aimated, ®
important for the appaisal of dynanical aspec.

In the muli spectral mager era BB composiés are an ezellent addiion to thetools availake for imag
interpretation. In anoperational environmert it is impatant of caurse, to judciously sedct the R®
compositesand limit heir numbe to a strictminimum inaccordane with the problems athand. At tre
same timeone shouldstrive for @mpositesbeing availéle night am day (i.e. R only) andmaximisim
feature identification. Dependingof the partiallar multi spectral imagr RGB composites maysupport the
identification of:

x sold and liqud water paricles (snow- ice crysta — cloud doplets) andof their rektive size at
close to, the cbud tops;

x weak moderate and strongconvection;

X dust and smole plumes;
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X airmass typen middle andhigh tropophere;
X ewolution of srow cover aml vegetation
X oceanic featues such as tbid flood pumes and ajal blooms

Further deils, infornation and traning materal can be fand e.g. at:

x http://oi swww.eumdsat.org/WEBOPS/msgnterpretation/index.php

x http://oi swww.eumesat.int/~idds/html/doc/best_practces.pdf

x http://w ww.goesr.gov/users/canet/npoesd multispectral_topics/rgo/print.htm

x http://w ww5.bom.g@v.au/files/7013/5580/7378/RGBWhbinarforwWebNoRefs. pdf
x https://www.meteducar.edu/training_modue.php?id=58#.V6Sby#&ICFs

3.4.11REOURCES

Many of the main findngs, resultsand conclgions preseted in thischapter hae been deried from the
associated\gorithm Theoretical Bsis Documats for the rew generaton meteordogical sateites, e.g.:

GOESRR ABDs:
http://ww w.goesr.gov resourcesflocs.html#ABDs

MTG ATBE

http://ww w.eumetsat.nt/website/home/Satelites/FutureSatellites/MeteosatThirdseneratiodMTGResour
ces/index.tml
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4  Synergstic use of LEOsystems —benefits and
Issues

The idea dintensive sage of GB measurenents for thedevelopment of EarthObservationapplicatiors
beyond neteorological applicatios leads als to the fa¢ that a conbination d GEO andEO satellg
systems ca help to Ift synergisit information from both for additonal Earth ®@servationapplications
Thus, thefocus of ths chapter isto developan idea/vison about possible ECapplicatiors taking inb
account the different advantages ad caveatsrom both oibit configurdions.

After discissing first the different perspectiveof a synergdat use of bth, GEO andEO, a gemal overviav
about GEQand LEO laracteristts is preseted in terns of spatialresolution and coverge, tempord
resolution and coverge, viewingand illumnhation corditions, and spectral reolution ard coverage
Looking fist on GEO ath LEO obsemtion geanetry individually, a brié section smmarizes tte key figures
Taking thignto accoun different example apfications wil be discussd where bdh geometres, GEO ah
LEO, had éen used toderive a maping of a go physicalparameter.After that an introduction to severa
possible aplicationswill be given.It shall benot negleced that cerin prerequisites and equirements
must be fufilled in the usage ofalgorithms, calibration, harmonizaton, and valiation to deduct a geo
physical gantity from observatiors out of GB and LEGo that a st section wil be dedicéed to thos
topics. Fimally, we willalso have arief look a existing tudies withregard a sgergistic useof GEO ad
LEO satelld systems.

Note that the study isdcused in figt instanceon compariens with LB imagers, viich have leen the bass
of many ron meteorolgical appkations in te past. Haever, thee is also adt of potertial in othe
sensor fanflies.

4.1  Synergistc use -what kind of syrergy is neant

If synergy $ meant, itis worth to clarify at he beginnig what the subjects ofthe synergywith which
objective & There mjht be a vaiety of uncerstandingabout synepistic usagewhich degends on tre
understandng what kind of information shallbe finally deived how ad under whch bounday conditiors
from the dfferent measurementsof the different orbit canfigurations Finally, it$ a questio of mergirg
different sihgle informdion contert into another information context.

Thus, thee is the neé to clarify e discussio topics wtrat is brieflyoutlined inthe followirg — probaby
incomplete— list. Thedifferent approaches ag listed alomg the different levels ofsatellite data processig
beginningat level O onwvards.

a. The approachclosest to ével O is to ombine measurementsof same orsimilar sensr type fram
GEO and LE@rbit. However, sincethe choiceof the orbit is usually dpendent aso on sore
modificationson sensorsthe ideal cae of identi@ sensors vih identicalcharacterisics is not tle
case so that nodificationsin data praessing musbe introdued to combine those da&a;

b. Another appioach wouldbe to conbine level 1data (radiaces) whichare definedin absolue
physical quatities (nornalized to the Earth suréce) to allav their conparability. hose can b
used to applyone combired algorithm in order toderive higler level prodicts/information;

c. T&ing geophysical quanties measued in GEO&LEO (usubl level 2 ad higher) ca be also tle
input for a syergistic aproach. Inthat particuar case, anerge of me geophystal quantiy
derived from GEO andLEO intoone derivel product may one solution, but also tte
complementay usage ofdifferent geo physicalquantities © derive adlitional information can
lead to synerggtic informaion. This ca also inclde differentmeasuremat techniques.
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d. Information cerived fromlevel 1 (forexample aud maskiig) can be a&o used tomerge witha
geo physical gantity (lewel 2) to anoher geophysical product

It shall benoted that a) and b) ca be discused togethe with keepng in mindthat we can distingui$
between vtally different measurenent princples or sinmar ones. lkewise, ¢) ad d) can e subsume
together, because theinformation in those cases is eived from the GEOand LEO masuremens
individuallyand thenmerged intonew informdion. It is worth to note that this kird of discus®n as abog
can be ledindependaitly on meging GEQor LEO, beause it is &0 valid fo LEO/LEQr GEO/GB
synergistiausage. Fortat, in the oming pararaph the diferent chaacteristics ofthe orbit cmnfigurations
are brieflydiscussed @ narrow dowvn the discission to tle benefits ad issues fothat particular case 6
synergistiaise of GE@nd LEO sysins.

4.2 GEO andEO observationgeomety

GEO sateties were giginally deigned to dserve the meteorological conditins and to fnprove the
weather faecast on an enhancedime baseline. Thus, te GEO orbibffers the gportunity of measuriny
with a vew high freqency over awell defined unchangig area of inerest. Dueto this orignal goal ad
technique of GEO obarvations the observaton geomety is restriced to a discprojected on the earh
surface ad in many caes limitedto approxinately 60° mrth and 60°south latitudinal coveage®, but the
viewing gemetry is te same forall measuements carred out for a specific pint of interest with the
characterisics that theillumination will chang during thediurnal varations. Takig into accant the newv
sensor degjn for GEOa footprint with a spatal resolution of around250m until2km can beassumed fo
those imagrs which ae in the fows of the curent analyss for synerggstic use wih LEO obseations. Tle
advantageof making e of longerintegrationtimes or coadding ove one sceneompensates the cavea
of the lowe photon flux and henceahe lower ®nsitivity canpared to he sensorsii LEO orbits.

A sunsyndironous LB orbit canoffer a glob& coverageof the earthincluding the Polar Regins withina
defined tme span. Flyig in a lover orbit allows also to reasure scees with a sgtial resoluton down D
1m at thecost of spatal coverageThus, the iteat off for spatial restution can ke assumedbetween 10
250m for magers in EO orbits. e LEO orbiprovides tke opportunty to obsere each indiidual scee
under the nearly simiar observéion geomeéry at the ame (day)time, but the viewinggeometry B
different for each sptal pixel wih nearly fked but diferent illumination geametry. Variatons in geo
physical gantities canbe usuallyfiltered out on a yearny base, if dong timeseries is avadble froma
sensor. Hwever, the ombinationof several atellites of the same tye in LEO orib to a consellation (se
for exampé DMCii ad RapidEyegan allow adaily globalcoverage.tlis worth © note that most actie
remote sersing techniges are alloated in LE@rbit because of the technical cavats as for eample size 6
telescopessensitivity,or others.

Table 8 smmarizes tke similaritiess and diffeences of clracteristicsof imagerdata from GO and L&
platforms.The following sections dicuss eacbkharacteristc in detalil.

Concludingrom table 8, we can ote from firg principle bat some ofthe categores will allav making ue
from the mmplementaity (e.g. s@tial resolutbn, instrurrentation) orsimilarity (eg. spectral overage and
resolution). This has &en noted inmany actiities and wil be startingpoint for the discussio of possibé
Earth Obsevation appications bebw.

Beforehanl, it shall bereferred tosome basigre requisites and requiements, beause the cabination o
information from different source needs sora care in oder to avod comparism of applewith peaches
and to retrieve high qality information from asynergisticuse of both,GEO and L& orbit systens.

® See also pagz , ,.....the orad of Meteosat" h Asterix and thdVlagic Carpg \ol. 28, 1987
fIt is worth to rote that a serief full disc GEQasellites will beome operationain the coming gars.
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Table 8: GE®ersus LEOharacteristics.

Spatial cverage Disc Global

Spatial reolution Coarse Fine
Temporaresolution Fne Coarse

Spectral overage Smilar Similar

Spectral esolution Smilar Similar

View geanetry Fixed Varying
lllumination geomety Varying (fulldiurnal cyct) ~Fixed
Instrumentation (predominairtly or only)passive Passive nd active

4.3 Basic Praequisites and Rquirements

If an EO pplication $all be dewed from he synerget use of aGEO andEO product(or severa
products), some aspets must bediscussedFrom the prspectiveof the targd information of an B
application the uncerginty levelmust be krown to a cetain extentin order to estimate ina first stg
whether amerge of diferent information is inprinciple mssible. It isclear that hput arounda 10% levie
uncertainty won't produce outputaround a 1%evel uncetainty. It m&es no sens trying thederivation d
a highguaity data praluct in unertainty if the input does not allow.However, me can turnaround ths
paradigm mto the formulation thatfrom highguality inputone may eimate output at a qualit level to le
expected. This quality level is nd only degndent from the quality level of te input kut also fran
dependentfrom the merging procas which wllbe usuallyrifluenced ly different ssues:

— The quality ofthe input ard the algorihms has nbbeen suffigently evalated:;
— Sensors musbe calibratel against thesame standrds so thatheir resuls become caparable;

— Typically, sensrs do needcorrectionsin order tobe matched The spec#l responseunction isa
typical sensoispecific gantity which may leadfor two sensors to diferent resuls in simila
bands. Similar crosssen®r coregistation errors must betaken into account. Itshall not ke
omitted that those can b found alsoon one satllite platform betweentwo opticalparts of ore
spectrometer.

The first iem is relatedto the validation of daa products ad the underlying algorihms. In oder to cleary
quantify how good a derived data prodwt is, the validation & carried at versus mdependen
measurenents of thesame quantiy from whih the uncetainty is krown so thatan error hudget can le
derived forthis data poduct. CEGWGCYV isurrently developing indifferent branches rfinally based a
the QA4Erinciples —principles, ules, and matrics for the calibrationand validatbn of data poducts. Tle
different activities enmmpass thedefinition of validation protocols (e.g. [LAI])the anticipation of the
“fiducial reference neasurement system which is arrently swcessfully pplied to Sea surfae
Temperatuwe togetherwith the SSTWC andwill be part of additioral systems,and setup of vicariols
calibration sites into networks wth a unified processingapproach RADCALNETAside tlese activities
further efforts exist with emphass to the quality charaderization d both, levell and leel 2 data fo
individual €nsors frommostly LE®latforms, raditionally.From this grspective, he calibraton of sensos
against aracknowledged standard the discus®n of misnatch between the spectal respons function d
two sensos, and caegistration eror are pat of the disussion in everal pars of CEOSVGCV. Thas
activities ae basis knavhow to stat further adivities regading algorihm evaluaton for emergng issues.
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In contrastWMO/GSCS activitieswere dedi@ted from ts early bemning to tre harmoniation of the
calibrationof different meteorologcal sensorsThis intencalibration goproach whch is usuajl tied to ore
sensor asaference forthe others,allows the @mparability of sensor®n different GEO platfans and in is
ideal casehe setup o synergistiause of GE@EO measements ofthe similar ype/quantity. For globa
products arived fromthe GEO rig there is @ additionalrequiremen to intercalbrate the GEOs, possilyl
via the LBs. Much vork has alrady been @ne to use EOs to cdiirate GEOsnd such verk become
critical forapplicationsthat mergeGEO and LB data. CEOWGCV andVMO/GSIShave expdise to offer
in this area and the @CS framwork for rouine collecton and analsis of simulaneous obsrvations ly
spacecraftpairs will bea valuableresource. A pointed ato out aboe the secoulary effect b consider $
that the target spectra shape inflences the #ective calbration (Vemote and Kufman, 19%; Minnis &
al., 2002)and that thiseffect is canplicated bydifferencesbetween s@sor spectraresponse apes.

An issue wich is wellknown to imagers with gparate opttal paths indifferent spectral chanrls is the co
registration between the differert spectral channels. Wually, a pe flight chaacterizationis used o
minimize that effect. However, such an diect must be also t&en into acount for crosssense
comparisms. There isome expenrence with GOS and CKBS membes for crosssensors caregistration n
order to reduce the nose introdu@d by misaligment.

The adopion of data standardsto facilitate the devdopment and operatimal procesmg of joirt
algorithms,is another $sue whichmust be als taken intoaccount beause EarttObservationapplicatiors
are not futher part ofa single “laloratory event” but today thought asa societal kBnefit whidh means tha
those are always deeloped wih the goalto achievea serviceto the markind. Thesize of daa
infrastructure requiredto produe and delier large gldal datasetsfrom the new GEOssiif anythirg
greater wten extendel to synergisic use withLEOs. Andimilarly it wil be necesary to takeadvantage ®
modern dda approacks as guidedfor instane, by the CES Initiativeon Future @ta Architecures.

4.4  Potential fields ofEarth bservaton applcations

In order tooutline the potential gplicationsfrom a synegistic useof GEO andEO, table x providesa
guide for dfferent setings whichcombine diferent chagcteristics: ©@mbination of spatial ad tempord
coverage,viewing andillumination conditions latitudinal coverage,and synerges with other platforms
Note thatthe discussin is limitedto imagersonly, but an extensionto other sensor systers in anothe
paper caralso includethe combindion of active and passie sensor syems, systeatically.

4.4.1 COMBINATON OF SRTIAL ANOD EMPORL COVEAGE

The LEOmagers withdaily coveage have satial resoldions of araind 250 mto 1 km, aépending o
spectral bad, compaed with 500m to 2 km br the new GO imagersTable XXZiges the detils for sone
specific semors. Thusfor nominally equivalentspectral bads, the GBs provide alata streamcomparabé
to that from the LBEs with sanewhat carser resoltion but fa denser emporal sanpling. Ths
complemaentarity raises the possibity of creatng a mergediata strean with the LEO spatial reolution ard
GEO tempral resoluton.

Examplesrom different applicaticms demonstate the berefit in the @mbination of the information from
high spati& resolutionand the inbrmation of high temporal resoluton: High sptial resoluion provides
more detaled informaion in a deger spatial gid and hightemporal resolution thesmallscaledynamics 6
a certain éta product.The potental for appli@tions can le seen in fobbwing areasf interest:

For land suface appli@tions basel on surfacereflectancethis includes:
x agricultue such as érvest, cropmonitoring;

x burned aea monitoting;

X transientsnow;

x enhancelLEO flood mnitoring wih subdailyresolution;
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x Fire hotpots: LEOsdwve finer reolution andhence typially better ®nsitivity tosmall firesbut GEOs &
better able, for lage enough fies, to captrre fires ean after igniton, and maitor their spread.

For ocearapplication this includes
x Currentstraced by @ean coloursediment plimes;
X SST finecale dynants.

Approache similar tothose requied have ben developel for mergng, for instaace, MODI&nd Landsa
for the lard surface, deit at the sbwer samplng periods édaily andl6 days (Emlyanova etal. 2013; Ga
et al. 2006)

4.4.2 VIEW AND LLUMINATON COMITIONS

As describd above, dservationsfrom GEO iad LEO semss differ inthe charateristics of he view anl
sun directons at whichthey are nade. Over gpseudoregular cycle okeveral dayshe view zaith angle &
the surfa@ varies ove a large rage and thesolar zenih angle ove a small rage, whilea GECbasal
sensor oberves a surce locationfrom a consant view diection andsamples tle full diurnalcycle of sa
direction & that locaton over a sigle day.

Potential goplicationsof the comdementary angular geanetries inclue:

x Using tte extra anglar informaion of simutaneous G and LEO leservationsto decoupleaerosol anl
BRDFeffects on lad surface eflectance.This will bediscussed frther in a cae study bow. Aeroso
and BRDF have ben simultareously charaterised fran LEO platirms by muli view resarch sensos
such & POLDERMISR and théA)ATSR sies. Simultaeous GE@nd LEO olervations fom differert
directions providea pair of sinilarly diver® views.

x Using tle diversity ofscattering agles to obain aerosoproperties sich as partite shape.

xUsing GB based BRF modeldo normali® higher reslution but less frequat LEO obarvations fa
angula effects. his could le particulary useful fo tracking eflectance ad albedodynamics
persisently cloudy situationssuch as coamon in thetropics, aml in casesof rapid surbce change
such & transient siow and buins, but coutl potentially improve tre quality ofall LEQbased land cove
dynamics. The pplication d coarse reolution BROF modelsto finer resolution, kss frequen
obsenations has ben develped in the ase, for instace, of MIS BRDF afied to Lamlsat (Li et al
2010).

xUsing GB observatins to extexd the anguhr samplingof LEOSs, ths better onstrainingBRDF modal
and reducing the uncertainty d albedo esimates.

x Stereo keights of atnospheric fatures suchas clouds ad volcanic pimes.

x Observaions of three dimensioral effects sgh as cloudstructure.

4.4.3 LATITUDINA COVERBE

As noted &ove, the laitudinal corerage of effective GEMased obsevation extands from gproximately
60° north b 60° southOn the othe hand, theoverlap of IEO image waths increass towardshe poles, e
that the frequency of emporal sanpling of awide swath £nsor incrases from aproximately daily at the
equator ard mid tatitudes to everyorbit for a krge fractimm of the dayin the Pola Regions. Aus GEO ah
LEO data tieen togetter can provié global cograge withat least the EO orbital fequency (@proximately
100 minutes), particulaly if a constllation of LEOs is useda cover alldcal time setors.

Applications that coutl benefit from mergingGEO and L& products hclude:
x Seaice and weathermonitoringfor transpotation

x Cloud aid ice monitaing for climate
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x Ocean olour and S$

x Furthemore, at theintermediaie latitude bands of 60=70° whereboth GEO gality and IEO tempora
samplhg are maginal, obsevations ca be combned to create productk infeasible with either
platform alone. A exampleis the conbined LEOBEO high ldatude atmospheric madion vectos
develged by theUniversity d WisconsinMadison aid NOAA (Laara et al. D14) that fillthe latitude
gap béween GE@WMVs and plar winds fom LEOs.

4.4.4 SWERGIE®/ITH OTHR PLATBRMS

This discusion of themeans by with GEO pléiorms canbe used in gnergy withLEO platfoms concludse
by briefly roting the pdential to similarly combine GEOs wh platforms in other obit types.

The L1 Lagnge pointis located 15 million kn sunwardof the Earthand images stationedthere havea
continuousview of the Earth's @dyside. TheUS DSCOVsuatellite carying the BPIC imageis currenty
situated atL1, captumg 25km imagery in D bands upto hourly. ShultaneousGEO imagry will hawe
different view directims and consguently sattering andes and atnospheric pah lengths ut identicd
Sun directhns), thusoffering exta informaion to corstrain BRDFmodels awl estimatesof aeroso]
atmospherc compositbn and airquality, anabgous to tke extra anglar information availdle from the
GEO+LEGmbination.

Molniya ombits enablea platform to linger at igh latitudes for the mgjority of the 12 hour omital period
They thusoffer high fequency smpling of Polar Regior that in ©njunction with GEOs an complee
global coveage, analgous to theGEO+LEO aoabination.

4.5 BExamplesof GEGLEO Ed&h Obsevation gplications

During thepast someagencies ad scientific mstitutions researched a the capaliity of synegistic use
GEO andlEO. Thoseare an impessive denonstrator of the potential for further Earth Observatio
applicatiors. In this setion the sane existing tudies for sgh exemplaractivities ae collected.

GEO andBO Level 1 dta input to a single algrithm

x CSIROmultaneousretrieval ofaerosol andsurface refectance (use angular conplementaity)
Merging of GEO and L& Level 2 dta

x GEO+LE surface rélectance: gootential product, not et realized,that combires LEO spati resolutin
with GEO full or daly temporalresolution

x The devnstream poducts prodiced fromthis surfacereflectancesuch as lad cover aud vegetation
paraneters

x Fire hospots

— CMA is using ¥2 + LEO fifire hotspots,
— Geoscience Astralia is @ding HimavariB fire hotspots b the AVHR and MMIS hotspas
already on its=ntinel sewice for thepublic and @erational fre managerent agencie

XSST

x Atmospleric chemisty

— Combined GB LEO measements fom missios dedicatedto atmospleric chemisty, namelya
daily LEO Setmiel 6/ 6P (ESA) with harly GEOsBVIPO (NAS), Sentined (ESA), GEM(KARI) @h
GMAPASIA @XA).
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GEO produat input to LEO productn or vice ersa

x ABoM's iitial Himawvari 8 SST &s a regregen algorittm tuned toVIIRS SST sdrvations,owing to the
short record and parseness ofthe buoy retwork.

x The Uniersities ofMaryland andWisconsirhave develped Landsascale evaptranspiratian (ET; 3an)
products for whichGOE®asal ET (&m) serves as tb boundarycondition, hereby suporting field
scale asessment®f consumpive water se.

Validationof GEO prducts by LE@roducts

x Even wihout mergng the low ével data @ products,GEOs and EOs can beused in corbination for
tuning and crosgvalidation. Fa instance OMA is validting its Hinawari 8 A product aginst MODS
AOD.

There is aremergingtrend to useall relevam satellite gnsors (inclding spectal, spatial, ad tempord
information) and releant non satdlite data sarces to praide a “best analysis ofjeophysicaparameters
NOAA is aning to amply such “emerprise algrithms” to, for instane@, mappingthe horizoral extent d
volcanic ab clouds.

The sharedise of LEOgsed in syargistic applcations by he different GEOs botimotivates aml providesa
mechanismfor harmaisation of he GEO+LE@roducts ketween GEG®, includinghrough intercalibration
of GEOs wh LEOs, imrcalibration of GEOsvith each oher via LEQscorrectionfor spectrd differences
between &EOs and hisveen GEOsnd LEOsand adoption of comnon algorithims. Adoptionof comman
data standrds is also dsirable. GIES has resis and expetise to appy to the intercalibrationand spectra
correction issues. ThesCOPEM activity for globally casistent praduction of GEOring suface albed
distributedacross thre centres povides a mdel for globa coordinaton of algorihms and fomats.

4.6 Case Stdy

A recent gample of asynergisticalgorithm tat illustraies the newpossibilitiesbut also hghlights tre
harmonisaton issuesd the recentdevelopment of a GE®@LEO joint etrieval of arosol opti@ depth ard
surface reféctance byYi Qin (CSIB) and colagues in Mstralia. Thetechniquewas originaly developel
for the dud view AATR and has sbsequentlybeen applig to Himawvari B/AHI incombination with either
MODIS oMIRS, and isow being aapted to Al with SGLdbn GCOMC

The retriewal of aerosl parametes over theland surfae is challentng, particuairly over light surfae
such as deerts. The ihomogenety and variéle anisotr@y of the suface refletance contrbutes to the
challenge:tiis difficultto distingui$ the effecs of aerosoland BRDFroreflectan@ variationsat the top o
the atmoghere. TheCSIRO métod relies @ the different view drections ofthe near s$multaneows
observatios that occu once per dy to decoyle the BRDRand aerosbeffects onthe TOA sigil. Radiatie
transfer nodelling links surface BDF and topof atmosplere (TOA) eflectance.The methodrequires a
aerosol dssification providing epresentative aerosol types, andmodels the surface BDF on tke
assumptiom that the B®F shape istable over bng periodof time.

A prerequsite for the CSIRO ntkod is hamonisation of the GE and LEOaccountingfor residua
calibration differencesand differences in spetral resporse functions For AHI+NDDIS botheffects wee
modelled bgether bylinear modls that wae regressd against Z00 hypersgctral imags from EO
1/Hyperionthat wereprocessed toequivalentmultiband responses fothe two sasors. Regssion slops
differed from unity byas much a$% but wee well comstrained with squared orrelation mefficients F
over a wigk range of sene brightresses in theange 0.9900.997.
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4.7 Gonclusin

The imagedata fromthe new geeration of geostatiorary imagershas spatialresolution and spectra
coverage pproachingthose of thepolar orbitng LEO imags that hawe until nowformed thebackbone &
satellite based monitoing of dynanic envirormental varidles, but wih much grater temporal frequeng
and with dfferent geametry. Thiscreates anopportunity to combire the compémentary measuremen
characterisics of the wo platforms to strenghen or extend the LE(based meaurements @ apply nev
algorithmsthat are notfeasible foreither platiorm alone.

Specific stategies for he fusion ofGEO and LB data inclule:

— LED fine spatél resolutionand GEO fia temporalresolution;
— Simultaneousobservatiors with different viewingor illumination conditimns;
— Low rto mid tatitude GEGand Hightatitude LEO.

Supportingstrategies hat can be aabled by iner agency oordinationinclude:

— Bulding on LB algorithmexperienceand teams;

— Usdng the proessing infratructure of CEOS and @IS agencis;

— T&ing advanage of moden data appoaches;

— Harmonisation of GEOsand LEOs, articularly n regard to calibration standardsand relative
cdibration mehods between GEO andEO;

— Common dataproduct valdation appoaches andtandards.

CEOS hase potentialto significantly contribute throughits WorkingGroups andVirtual Comstellations h
carrying ait the preparation for such synegistic useon different levels. Anasset canbe also tke
cooperatin between WMO/GSIS and CEOSVGCV incombining heir knowlalge for caliration ard
validation.
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5 (oordinating initiatives

This chapgr providesa short nm exhaustiveoverviewof CGMS ath other agncy initiatves that ae
relevant tothe further coordinaton and progession ofnon meteorological apgkations fran GEO orlbi
and their Ll exploitaion in comlination with LEO obsemntions (GB LEO synejes) as desibed in the
previous tapter. In vew of multisensor nonmet producs from a cmstellation & GEO imagys (Figure 1L
ongoing iner calibraton efforts d satellite ogerators under GSICS shid be expaded to cower these nav
products. h addition, satellite opaators needto engagemore broady with usercommunityto progres
non met aorithm dewelopments and to drivedata uptakefrom new sakeholders.

5.1 User enggement— SATBN, EUMETRAINWMO OQGMS Vab

To providethe user conmunity wih a singlepoint of acess to infomation abou the new @neration d
meteorological satellies planned & enter opeation in the20152020timeframe he WMOGGMS Satellg
User Readiess Navigar (SATURNportal hasbeen estalished by VIMO (TBD adl URL to Rierences).n
detail, the portal provides infomation abou technical specificatim of recenty launchedand to ke
launchedGEO satellits, overviewof ground segments ad operaticns, data acess and us as well a
information on user radiness planing to gude the intraduction of rew satellitedata into the operatiors
of meteomwlogical sevices and ther users.Through ugr readines planningall WMO nembers aml
satellite qgoerators shalld assist gers in prparing them for usingthe new gaeration of operationd
satellites hrough detaled list of ations outlired in the “CEB Guidelindor EnsuringJser Readiess for Nev
GenerationSatellites”.However “isers” in thiscontext aremainly theNational Meteorologicd and Hydro
meteorological Service(NMHS) ad operatioral user orgaisations.

Another odine resoure for training to suppot and increae the use & meteorolggical satellie data is tte
EUMETSA3ponsoredBJMETRAINortal (TE) add URLd Referencs) that provdes users ecifically @
EUMETSASatellite dda and prodicts (e.g. MHS) with taining resarces that Wil enable tlem to malke
more effetive use of his satellitedata. If sateite operatas were to &pand theirGEO operatinal produd
list to include nonmet applicationsadditional raining requrements nesd to be acommodated.

Also the WMO CGMSVirtual Laboatory for Training and Bucation inSatellite Meteorology (\Lab) throudh
its global rtwork of training centes and sateite operatas aims tomprove datautilization rot only from
meteorological (GEO)asellites butalso from evironmentd (LEO) satéles.

However, he fleet of O satellites $ continuowsly expandilg and becming more dversified. Tierefore it s
critical to ensure intercomparability of obserations from nstrumentson differentsatellite plaforms.

5.2 The Glolal Spacebased hter Calbration §stem GSICS)

Since 208 satellite gerators aml scienceteams collhorate uncer GSICS tanonitor, improve ard

harmonizethe calibraton of a range of instuments ontward operatonal GEO red LEO satlites of the
Global Oberving Systen (GOS). Gwistent iner calibration of instrunents onboad different stellites is d

importance to ensurereliability of EO data irparticular br monitoring of climae variabilityand change
Specificallyglobally nerged “multisatellite” products, e.g from a castellation of GEO imgers, requie
consistentinter calibréion to ensuire seamles product quality and omparability of observéions acros
different satellite platforms. Dedieted GSIC8rocessing ad ResearciCentres (BRC) operadd by NOAA
CMA, EUMTSAT, JMAnd KMA dal with manitoring of nstrument performanas and opeational inter

calibrationof satellite hstruments.To quantifysensor perdirmance GRCs deplogatellite inter calibration
algorithmsfor GEQLED observatims. Whilst @CS aims toover all spctra regiors, the follaving sectiors
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will only hghlight the activities peformed forinfrared andvisible chanel calibraton activities as they ae
the relevart ones for he meteorobgical geosdtionary imagers.

5.2.1 INFRARED

One of tre first obgctives of GSICS wado support the devebpment of consistenty calibrated
geostatiorary infrared imagery déa. A prerguisite for siccessful gploitation of infrared adiances a
accurate istrument pe taunch claracterisaton and onlard calibraion is requied. Howeer, it is al®
mandatoryto have anindependent mechanisn to verify and monibr the perfamance ofthe onboad
calibrationsystem. Theadvent ofhighly accuate hypersgectral instruments witha calibrationaccuracy b
0.10.15K,like AIRS mboard Tera and Aga, CrlS onbard SuomNPP and I8 onboardthe Metop
satellites has enabld the intercalibration of the geostationary satellites @gainst the® referene
instrument. Monitoring of the calration of the geostatimary images is now povided routnely by mos
satellite gerators andprovide aso the means for impoved satellie inorbit checkout aswell as the
derivationof accurateand consistet productsacross diffeent platforms.

The Meteaological Stellite Cente (MSC) of MA suppors GSCIS tpgperating aGPRC thaamong othe
satellites esures calibation monitoring of Himawari8 AHI

Figure ®: HimawariB AHI band land 2 vicariais calibratiors statistics Jly 2016. (Cottesy JMA, kmawari 8
Cdibration Pottal).

Whilst theimagers onthe new gaeration meeorologicalgeostatiorary satelliteshave accuate onboad
calibration,the calibrdion of the visible chamels relies a various nethods. Seeral variousapproache
have overthe yearsbeen adoped using e3. desert &rgets in Wvarious calration metods, cross
calibration with other satellite eg. over Dep Convectie Cloudsand Lunar calibration methods. h
particular he latter nethod, provded that the instrumeits are capble of Lumr observatbns, has te
utility to provide highlyaccurate clbration ofthe visible bannels. Wilst today, unar calibraton provides
and absolte accuracyf 500%, asignificanty better acaracy can beachieved. unar calibraéion has tre
potential to provide d@@solute radometric cailbrations d solar bandsensors inorbit with Sltraceabk
accuracy btter than 10% k=2). Whilst this isbeyond curent capabities, it wodd be achieable if high
accuracy, Rraceableabsolute mesurementsof the Moon are acquied and deeloped intoan absolue
lunar refeence standrd. The aailability of such a hgh accuracyabsolute eference ha significam
implicatiors for the uility of data acquiredfrom solar band instuments, paticularly wih regard o
consisteng and interoperability aross senss and platbrms, and he constrution of climate records
With this reference stadard, absalte accurag requirements for visibé and nearnfrared chanel sensos
could be seto a simila level.
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Figure 40:A comparisa of variouscalibration methods. Timeseries representation of variation in the MTSATR
visible calbration slopeas derived ugg three calbration methods (DCC =r@ss calibratbn using Dep Convective
Clouds, Mon = Lunar alibration, RSFAR = Vicadus Calibratim using radidive TransfetModel simubtions). Each

result is rormalized aginst the firstcalibration result. The sladed are shavs the 95% aonfidence inkerval of the

linear regression(Takahashi ad Okuyama2015).

5.3 BUMETAT Sateltie Applcation Failities GAFS)

The EUMESAT Satetle Applicaton Facilities(SAFs) pmde userswith operational data &ad softwae
products,with each me being delicated to a particularuser comnunity and gplication aea. The SR
activities ae centrallycoordinatedso as to asure that he SAFs prade reliabé and timel services @
their respective user ommunities. Their delierables rang from a spcific pieceof softwareto be mad
available b users for ge in their avn envirorment, to dat and prodwts made sailable in ®ar realtime
or offline. The SAFs tt provide ®ftware/tools and mortioring capailities couldbe used asa model fo
collaboratbn and joirt development activites as wellas enablig simple sftware pakages to le
developedand distribited to NMAusers with linited resouces in satdite remotesensing.

The SAFsra locatedwithin the National Meteorological 8rvices (NN) of EUMESAT Memébr States, o
other agreed entities linked to auser comnunity, and carry out rdevant resarch, devebpment, ard
operationd activities mt carried aut by EUMEJAT central).

The netwak of EUMESAT SAFs csists of the

x Nowcastng SAF (NWSAF);

x Numeri@l WeatherPrediction $\F (NWP SAF

x Ocean ad Sea Ice &~ (OSI SAF);

x ClimateMonitoring AF (CM SAF

x Land Suiace AnalysiSAF (LSAAB);

x Ozone ad Atmospleric Chemisty Monitoring SAF (O38AF);
x Radio Ocultation Meteorology &F (ROM SA);

x Hydrology SAF (H $A

NWC SAF

The maingoal of theNWC SAF i® producesoftware packages thatsupport Novcasting ad Very Shadr
Range Farcasting. Tk software, which is fo local ins#llation at the user's $e, processe data fran
operationd meteorolgical satelties flying m geostatigary orbits (e.g. Metosat SecondGeneratia
(MSG)) opolar orbits €.g. Metopor NOAA) asvell as thei successors.
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NWP SAF

The main bjective ofthe NWP SRis to incrase the bewfits derivedfrom numerical weather prediction
by develofing technigies for moe effective e of satellie data, ando improvethe exploigtion of data
and produwcts from EIMETSAT sellites progammes, andthe related programnes of otheragencies. @
achieve ths objective,the NWP 8F updatesassesses angrioritisesuser requirenents anddevelops tle
satellite dda processig modules reded to neet those rejuirements.The NWP & is similato the NWC
SAF, in th sense thatthe NWPdelivers pra@essing mdules to Euopean NWPoperators,rather than
operationd products ad data.

OSI SAF

The OSI FAis a respose to reqirements, fom the meeorologicaland oceangraphic conmunities d
EUMETSANMember and Cooperaing States,dr compretensive infomation derived from neteorologicd
satellites & the oceanatmosphek interface. The OSI SAoffers a pecious corplement to in situ datag
based oncontinuouslyincreasingtemporal and geograpical resoluton producs from coasal to globa
coverage.

CMBAF

The CM SRgeneratesand archive highuality datasets ér specific dmate appliation areasthrough the
exploitation of satellie measurenents with $ate of the |art algorithms, to derie information about the
climate varables of tlke Earth systm. The aplication arexs cover tle objectivesof various mternationd
programs sch as theGobal Climée Observig System (GOS), the Wirld Climaé Programne (WCP) adh
the Worlddimate Resarch Progrenme (WCR), and arealso vital foractivities wihin the Goup on Earfh
Observatims (GEO) ahCopernics framework

LSA SAF

The objectve of the ISA SAF is ttake full adkantage of emotely sesed data @ land, landatmosphee
interactionrs and biophere appltations. A song emphasis is puton develping and mplementing
algorithmsthat will alow an opegtional useof data from EUMETSAJatellites. The LSA SA&ddresses
wide user ommunity,ranging fran surface pocesses moelling e.g. Nmerical Weather Predttion (NWP)
seasonal drecasting ad climate models to ariculture and forestry applicatiors e.g. fire lazards, foa
productionand hydrobgy.

O3M SAF

The O3M BF develop, producesarchives, vidates anddisseminate ozone ad atmospheic chemisty
products, b support he servicesof the EUIMETSAT Muaber Statesin weather forecastirg, as well a
monitoring of ozone deletion, airquality and sirfface UV adiation.

ROM SAF

The ROMSAF genertes and arhives highguality GPSRadio Occuhtion (RO)datasets fo Numericd
Weather Pediction (NWP) applicdions and spcific climae applicatimm areas, though the eploitation of
satellite measuremens with stateof the art algorithms, o derive inbrmation alout the atnosphere aw
climate vaiables of he Earth sgtem. The ®M SAF islso engagd in devebping an ® processig
software package cordgining modudes for assirtation of FO data in NWP models.

H SAF

The H SABperationally generates validates distributesand archiveshighquality datasets ad producs
for operatonal hydrobgical appliations, startng from the acquisition and procasing of dah from Earh
observation satellites m geostatimary and pdar orbits, @erated both by EUMESAT and ther satellie
organisatims.
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The H SAmainly focugs on:

X The geneation of precipitation products, soimoisture poducts andsnow paraneters;

X The indgendent valdation of nev productsfor hydrolagical applicaibns with sgcial relevace attachel
to those initiativeswhich wan to mitigate hazards ad natural dsasters, sch as flash #lods, fores
fires, Bndslides ad drought onditions, am improvewater managment.

5.4 Bilateralcollaboration Jafan Austalia
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6 Smmary and Reommendations

This studyhighlightedthe value & nonmet gpplicationsfrom GEO wbit both to CEOS ageies as dat
providers ad to existhg and propective uses of EO sallite data. Agencies ca get a beter return on
their existhg substanial investnent in GEGand LEO imhstructure and applicéions, by @plying ther
infrastructure and exprtise to nan meteorological GEO gplications. This will stengthen thescience ad
environmental monitoring that is he aim of treir LEO prgrammes, ad thereby elivers incrased beneti
to society.In implenenting thesenew applcations, agecies will futher beneft from efficiencies ad
product inprovementsfrom colldoration ard inter comparisons wih other agecies but ao from the
user comnunity of nan meteorological applietions. Enggement with the user ommunity, e.g. throudh
dedicatedworkshopswill advancealgorithm developmens as well a increaseuptake of te new non
meteorological GEO mducts. A god exampleis the Japarustralia ollaborationon honmet applicatiors
from Himawari 8 (seeChapter 5).

The prograsive implenentation of new nonmet applicaions from GEO orbit &so suppors the Globa
Earth Obsevation Systm of Systens (GEOSSYy addressig many ofthe different Societal Bnefit Ares
(SBAs) maly Disasterge.g. pollutbn events, Ibods, fire),Climate (e.gpredicting,mitigating), Ecosystem
(e.g. land,coastal andocean maagement),Biodiversity(e.g. consevation), Health (e.g. larmful alga
blooms, spead of infetious diseaes) and Weer (e.g. fiberies and hbitat) — a Ew of theseapplicatiors
were highlghted in Chpter 3. @timization of the socialbenefit of spacebasel Earth obsrvation al®
aligns withthe CEOS &ttegic Guidnce.

Many enwonmental sudies woudl benefit fran global coerage of stellite obsewations, wheh given tre
technical @milarity of the currentand to belaunched avanced GB sensorssee TableXX) could e
achieved fom a constllation of GEO imager®r GEQring. A key chdénge in tems of dataquality is tre
production of consistatly inter calbrated praducts againsreference mstrumentsor calibratbn sites. Tl
is an areahat is alrealy well addessed by CRS/GSIC®orking on nter agencydata harmamization ard
inter randvicarious cabration of G20 using L8 sensors.

To achievebetter integration anduptake ofnonmet GEO observabns acrosghe full range of Eaith
observatio applicatiors recommadations are

X Recognising that the existng LEO sciee teams onstitute avaluable resurce on which to buid
non met appli@tions fromthe new GBs, Meteoological Satdite Operabrs are encaraged to &
open to arranggments bywhich theirscience andoperationalteams carexpand theiractivities
the new GEOgarticularlyin collabogtion with partners suchas the NMHSs or otheoperationd
environmentalmonitoringagencies.

X Space Agencie and Meterological Stellite Opeators shouldalso engag broadly wth the non
met GEO use communily to foster the collatorative dewelopment and inter comparison @
advanced algathms that may lead b a harmonzation of aforithms suiable for multi platform
GED ring implementation.

X Meteorological satellite @erators nay initially progress tle implementation and operationd
delivery of keynonmet geophysical poducts sub as Land @face Refletance (LSRand Ocen
Cobur Radionetry (OCR).g. waterfeaving radiace, whichenable the development of higher
level nonmet products fa various terestrial andoceanic aplications adressing many societa
benefit areas.However nev productsand key apgtations mg require reprioritisation dependirg
on user requirenents.
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A high tevel ofinter ageng coordinatbn and a stong engagment in varias calibratio initiatives
with various chbration aproaches, ke GSCIS arttie CEOSVGCYV is regired to achéve produt
consistency deéved from a constelléion of GIE imagers GECring) o advancequasiglobd
coverage of miti sensor nerged prodicts.

Meteorological Satellite perators aml Space Aencies shou promote nonmet GEO produck
widely and inalde these @plications nto the traning requiranents for e user community sud
asSATURN, BUETRAIN ahWMOLCGVISVLab.

Spce agencie should diectly supprt where possible caWal infrastucture for validation d
radiometric products suchas the Ra@alNet or ARONETOC)network including sysém vicariows
calbration sies and fosér interactions with the user conmunity to support vaidation ard
acairacy assesnents.

In 6itu validaton data colleted by thecommunityas well as ad simulatedtest data s¢s should ke
shaed openlyto foster algrithm devebpment ard validation.

Meteorological Satellite (@erators aml Space Agncies shold take adantage of modern dag
approaches soh as the C8S AHT oifruture DataArchitectures to addres the data wlume issue
Cat efficient olutions fordata distrikution like GENETCastteuld be expoited as wdl.
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Appendix A Glossary of acranyms

Abbrevidion Desciption

AATSR Advarced Along rack Scanng Radiomeer
ABI Advarce Baselinédmager
ACVC Atmospheric Composition Virual Constehbtion
AGRI Advarted Geostdbnary Radition Imager
AHI Advarced Himavari Imager
AHT Adhoc Team
AMI Advarced Meteoplogical Imger
AOD Aerosl Optical @pth
AHVRR Advarced Very Hjh Resolutin Radiomeer
BRDF Bidirectional Refletance Distibution Furction
CEOS Conmittee on Eath Observaon Satellite
CQAVIS Coordnating Groyp for Meteaological Stellites
OMA ChinaMeteorologcal Adminitration
CAMS Communication,Ocean and Mteorologi@al Satellite
C3IRO Commonwealth Eientific andindustrial Fesearch Oranisation
DLR Deutshes Zentron fur Luftrund Raumfakt
DSR Downward Shortvave Radiabn
EO EarthObservation
ESA European Space gency
FCI Flexibé Combinedmager
FYd Fengvund
GCM € GlobalChange Gdervation Mesion rClinate
GEMS Geosttionary Enironment $ectrometer
GEO Geosttionary Obit
GEOCAPE GEOsaionary Costal Air Pollition Events
GIRS Geosttionary InterferometricInfrared Sonder
GHFSST Groug for High Reolution SS
GOCI Geosttionary Oean Color Imager
GOES Geosttionary Ogerational Evironmental Satellite
GQOME Global Ozone Maitoring Exgeriment
GHCS Globa Spacdbased Inter Calbration Systm
HRIT Highrate Informé&ion Transnssion
HSD Himawari Standad Data
INSAT IndianNational Stellite
IRS Infrared Sounder
JMA Japamse Meteoblogical Ageay
KARI Korean Aerospac Research Istitute
KMA KoreaMeteorologcal Adminisration
LEO Low Erth Orbiting
LMI Lightning Mappirg Imager
LRIT Low Fate Informaion Transmssion
LST LandSurface Terperature
NASA National Aeronatics and Spee Administation
NDVI Normalized Diffeence Vegettion Index
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NMA
NMHS
NMSC

MCSI

MISR

MODIS
MSC
MSG

MTSAT

NIR
NOAA
oMl
PNG
POIDER
SAF
SATURN
BA
SCOPEM
SHIRI
SCIAMAHY
SST
TSM
URL
WGCV
WGISS
WMO

Non Meteorologi@l Applicatbn

National Meteorobgical ancdHydro meteorological Sevices
National Meteoroogical Sateite Center

Multiple Channe&canning Inager

Multi engle Imagig SpectraRadiometer

Moderate Resolubn Imagingectroradiometer
Meteorological Stellite Cente

Meteosat Secondseneration

Multi functional Tansport Seellite

Nearinfrared

National Oceani@nd Atmosgheric Adminstration
OzoneMonitoringInstrument

Portable NetworkGraphics

Polargation and Drectionalityof the Earbh’s Reflectane
Satellte Applicatbn Facility

Satellie User Rediness Navigior

Socieal Benefit Aea

Sustaned, Coordiated Procssing of Envbnmental &tellite Datafor ClimateMonitoring

Spinnng Enhancd Visible an InfraRed ager

Scannig ImagingAbsorption spectrometea for Atmopheric Charbgraphy

Sea Srface Temgrature

TotalSuspendedMatter

Uniform ResourciLocator

Working Group orCalibrationand Validaton

Working Group o Information Systems rd Services
World Meteorological Organiation

66 | Nonmeteorological Apptations for NexiGeneration of Gestationary Satiites Study



References

Baldassae, G., PozzglL., Schmig C. C., UnaA., KindapT., MenzelW. P., ...d&er, J. W.2015). Usig
SEWR fire obsevations todrive smokeplumes inthe CMAQ & quality nodel: a cas study ove
Antalya in 2008 Atmos. Chen. Phys., 159(4), 8539-858.

Bessho, Ket al. (2A6), “An Intoduction © Himawari8/9— Japa’s NewfGeneration ostationaly
Meteorological Satellites”. Journal of the Meteorologcal Society of Japa, Ser. |
Vol.94, No. 2 p151483.

Ceccato, P, Vancutsen, C., Klave R., Rowlad, J., Conor, S.J. (2I2), A Vectdal Capacif Product b
Monitor Changig Malaria TansmissionPotential inEpidemic Bgions of Aica. Journd of Tropich
Medicing Volurne 2012.

CGM3HA4 KMAWPO1, (2016), Satus repot on the arrent and future satdlite systens by KMA,
Coodination Goup for Meterological atellites (CG1S.

CGMS44MAWPO1, (2016), ‘Report on thestatus of curent and fuure satellie system¥ Coordination
Group for Meteaological Stellites(CGVS).

CGM3HA4 BUMETSAWP B4, “Laml Surface Adysis SARLSA SAFCmrdination Group for Meteorologicad
Satelites (CGM$§ 2016.

CGM3H#4 BUMETSAWPB3, (20B), “EUMHSAT's Netork of Sitellite Application Failities (SA
Network): Sustaied Develpment andOperationsof Productsfrom Satellies”, Coordnation Groy
for Meteorologi@l SatelliteCGM$

Cline D., Bst A., Paiter T. andBovitz C., 2010): NOA NESDIS e@ter for Stellite Appications awm
Resarch, Algrithm Theoretical Basis Docment - Snow Cuer, http//www.goes
r.govproducts/ATBDs/optim2/Cryosplere_SnowCeer_v2.0_no color.pdf.

CMA URL2016),http://www.nsmc.org.cn/enNSMC/Chamels/cmacat.html.

Coelho S.,2016), Landsurface Aalysis SAF ESA SAF, JtiCGMICES Side Evéron the Ocasion of the
CGMsH4 Plenay Sessiom4, 8.6.2016, Bt, France.

Emelyanosg, I. V., Mc\dar, T. R., & Niel, T. GLi, L. T., &n Dijk, A. 1J. M. (201B Assessinthe accurag
of blending Ladsat—MODISsurface rélectances n two landsapes withcontrasting spatial am
temporal dynanics: A framwork for algrithm seletion. Remo¢ Sensing oEnvironmat, 133, 193
209.

Gao, F., Msek, J., Setaller, M., & Hall, F. 2006). On he blendingof the Lamlsat and MODIS surfae
reflectance: pralicting daiy Landsat srface refletance. |IEE Transactins on Gesecience ad
Renote Sensing44(8), 220#2218.

Goldberg,M, (2016), BSS Appliteons and Wer Engagment, STARIPSS Annu&cience tam Meeting
2016 College P&, United Sttes, 842 August 2016.

GroverKmec E. K., Bimenthal, M. B., Cecda, P., Dink, T., Ommbo, J. A, @nor, S. JWebbasel
climate information resouces for nalaria contol in Afri@a. Malaria Journd, (2006), 5:38,
doi:10.1186/146 28756 B8.

HashimotoM., Higuraki A., Takeaka H. andNakajima T.2015: Aeragol retrievalusing Himavari B visibe
data, The SixthAsia/Oceam Meteorological Satelfe Users' @nference,9 — 13 Noember 2015
Tokyo/Japan.

Nonmeteorological Apfications for NekGeneration of>eostationary Satllites Study | &



Independent (2016), http://www.i ndependentco.uk/newgworld/africa/the greatdroughtdisaster fooms
in east africad 797003.html

IOCCG (A2), OceanColour Obsevations fran a Geostdonary Orlit, Antoine, D. (ed.), Reorts of the
International Oean Colour GordinatingGroup, Nol12, IOCC@artmouth, Canada.

JMA URL X2016),http://www.data.jma.go.jpmscweb/erhimawari®/cloud_sewice/cloud_®rvice.html
JMA URL 22016)

http://ww w.data.jma.@.jp/mscweb/en/himawari89/cloud service/fig Brief _techncal_informdion_on_ac
cessng_HimawaiCloud.pdf

JMA URL 32016)http://www.data.jma.go.jpmscweb/erf himawari89 himawari_cast/transition.html

Jolivet D.,Ramon D.,Bernard E.,DeschampsP.l¥., Riedil, Nicolas .JM. and Hgolle O., P08: Aerosb
monitoring overland usingMSG/SEVIRIn: Proceding of the EUMETSAMeteorologcal Satellié
Congrence, Damstadt, Gemany, 842 Sptember 208, ISBNE8 0281100828 ISSN111B8932.

Kalluri, Set al. (2015, "A HighPerformane Remote 8nsing Prodct Generaion SystemBased ona
Servee OrientedArchitecture for the Next Generatn of Geosétionary Ogerational Ewironmentd
Satelites." Remae Sensing.8, 1038510399.

Lazzara, MA., Dwor#, R., Sante D. A., Hover, B. T.Velden, C. $ & Key, JR. (2014)Figh Latitude
Atmospheric Mdion Vectos from Conposite Satdite Data. durnal of Aoplied Meteorology aml

Le BorgneP., Legendy, G., & PérgS. (2012)Comparisonof MSG/SENRI and drifing buoy deived diurnad
warming estimaes. Remotesensing of Bvironment,124, 622—@6.

LegendreM., et al. "Fom MSG toMTG, CosEffective @erations ofa ComplexSystem”, SmceOps 20Q
Congérence

Legeckis,R and P. & Borgne,2009: EUMETSAT Getationary Sitellite Monitors the Sea Surfae
Tenperatures d the Atlantc and Indim Oceans sce 2004, Bvironmental ResearchEngineerig
andManagemen 3(49), P.8B, ISSN 1392649, 2009

Li, F., Jup@. L. B., Rigy, S., Lyiurner, L. Mueller, N.,Tan, P., & lam, A. (2Q0). An Evalation of the
Useof Atmospleric and BRBCorrectionto Standadize LandsaData. IEEEUrnal of Sedcted Topis
in Applied EarthObservatiors and Remte Sensing, (3), 257-20.

Masaya Tkahashi andArata Okugma, 2015:Visible Chanel Calibrathn of IMA'SGeostatiorary Satellites
using the Moon Images .Té Sixth AsiéOceania Mteorologicd Satellite Wers' Confeence, 9 —B
Nowvember 2015,Tokyo, Japa

Minnis, P.Nguyen, L.Doelling, DR., YoungD. F., Miller W. F., & Kriz, D. P. (202). Rapid @libration d
Opentional andResearchMeteorologi@ Satellite inagers. Pd |: Evaluatin of Reseech Satellie
Viside Channelss Referenes. Journal bAtmospheic and Oceaic Technabgy, 19(9), 233—1249.

Murakami,H. (2016). ©ean colorestimation by HimawariB/AHI. Renote Sensingf the Oceas and Inlad
Waters: Techniges, Applicdions, and Ballenges.

Neukermans, G., Ruddk, K., Bernal, E., Ramn, D., Nechd, B., & Dsechamps, Pi. (2009). Mypping totd
susgended mater from geosationary saellites: a fasibility study with SE\RI in the Sathern North
SeaOptics Expess, 17(16)14029.

Neukermans G., 20120ptical in siu and geosttionary sagllite borne observatiors of suspeded particles
in caastal wates. Ph.D. dissrtation, Unversité dulittoral Céted’Opale, Fance, ISBNd78 90 703
9492.

Nigam, R.Bhattacharg, B. K., Gujal, K. R., & manabha, N., & Patl, N. K. (201). Formuléion of Tirme
Seris Vegetatio Index fran Indian Gestationary Satellite and Comparisa with Glokal Product.J
Indian Soc Reme Sens, 4@, 1-9.

68 | Nonmeteorological Apptiations for NexiGeneration of Gestationary Sattites Study



PavolonisM., 2015: Tie WMO Stellite derived VolcanidAsh Intercanparison Ativity rCagmbilities ard
Chalenges for Operational Applicatims, 7" WMO Internatbnal Worlshop on \6lcanic Ash
Anclorage, Alaka, USA, 123 October D15.

Roberts, G.Wooster,M. J., Xu, W FreebornP. H., Moreette, J.d., dnes, L., .Kaiser, J. W(2015). L&
SAFMeteosat RP products — Part 2:Evaluationand demorstration for use in the Copernics
Atmosphere Manitoring Serice (CAMSAtmos. Che. Phys., 182), 1324313267.

Romano, FRicciardellig, Cimini, D.Di Paola, F& ViggianoM. (2013). DusDetection and Optical Bpth Retrieva
UsingMSGSEVIRData. Atmoghere, 4(1), 3-47.

Schmit, T..Jet al. "Intoducing tte nextgenemtion Advarced Baselia Imager onGOESR." Bulletin of the
Amaeaican Meteagological Soety 86.8 (D05): 1079.

Temimi, M, RomanovP., Ghedis, H., Khanltvardi, R.,& Smith, K(2011). Sedace monitoing over tle
Casjan Sea usimgeostatiorary satellitedata. Interrational Jounal of Remée Sensing32(6), 1575
1593

Trentmannd., MillerR W., Posglt R. and &ckl R., 203: Satellitebased surdice solar rdiation dag@
provided by CMSAF — Sotaenergy aplications, European @&osciencesUnion Geneal Assembl
2013 Vienna, Astria 07 — 2 April 2013.

Vanhellenont Q., Nelkermans, G.and Ruddik K.: High fquency neasurementof suspendd sedimens
and coccolithophores in Eunpean andAfrican coastl waters fom the geatationary EVIRI sensor
in: Proceedings of the BUMETSATMeteorological Satelie Conferace & 19" American
Meteorological Society (AMD Satellite Meteorology, Oceanogaphy, anddimatology Conference
Viema, Austria,5—20 Septeber 2013,EUM P.62.

Vermote, E & Kaufnann, Y. J. @95). Absalte calibraton of AVHR visible anl nearinfrared channed
using ocean ancdloud viewsInternational Journal oRemote Smesing, 16(13)2317-230.

Xiong, X.and W. Banes (2006),An Overvigv of MODS Radiometic Calibratio and Chaacterization
Advances in Atrospheric Sences 23, 69-79.

Xie, P., andirkin, P. A.1996: Anlyses of glbal monthlyprecipitation using gage observatns, satellie
estimates, and nmerical malel predictons, Journalof Climate 9, 840858.

Nonmeteorological Apfications for NekGeneration of>eostationary Satllites Study | ®



