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1. DOCUMENT VERSIONHISTORY 5

1 Documentversion history

1.0: Original documenissued4 February2005.
1.1: Issued31 May 2005.

— Addedsectionl13: De nition of MPM le format.
— Addedde nition of sinusoidalgrid coordinatesy; v to section7.1
— De ned grid selectedor study(sinusoidaN¢q = 4008§.

2.0: 6 February2007

— IntroducedOAP asadeliveredproductandre-de nedIGAP.
— Updatedsectionb.
— Added gure 3 to illustratenominaltime of meigedproduct.

— Addedsectionl0, giving step-by-steplescriptiorof themeigingimplementationSec-
tion includesquality controlcriteriadeterminedduring preliminaryGAP validation.

— Added gures 4 and5 to illustratemeging process.
— Criteriafor selectionof melgedaerosoltypechanged updatedn section9.5.
— Operationakettingsde ned duringWP5200included.

2.1:29Jun2007

— Minor correctionto sinusoidalgrid de nition. Addition of algorithmto identify index
to compactarraystorageof griddeddata.

2 Intr oduction

This documentdescribeghe algorithmfor memging the global aerosolproducts(GAPs) derived
individually from the AATSR, MERIS and SEVIRI sensorgnto a single meiged dataset. The
documentdescribeghe meiging schemeandin additiondetailsrequirementsvhich areimposed
ontheindividual sensoretrieval schemeso facilitatethe meging process.



3 WP Document

This documentoverstheinputrequiredunderwork package?2330:

PROJECT: GlobAER WP Number: 2330
WP TITLE: ATBD for merging algorithm Issue: 1.1
CONTRACTOR: RAL Issue Date: 28-07-04
Start Event: KoM Start Date: TO+2m Sheet 1 of 1

End Event: SRR End Date: TO +4m Estimated Effort: 131 mh
WP Manager': R. Siddans

WP OBJECTIVES:

L] To define ATBD for algorithm that will effectively merge the AATSR, MERIS and SEVIRI
data sets to give an enhanced aerosol product over sea and land.

WP INPUTS:

*  GlobAER Statement of Work

. Contract

L] This proposal

»  Authorization to proceed

*  Planning and schedule as agreed at contract KO

= Applicable documents and definition of deliverables as per proposal and KOM agreements
L] ESA Ground Segment Software Engineering and Management Guide

L] GMYV Quality System Internal Procedures

*  Any applicable CR/CN

L] Configuration Management Tool

L] Issued Project Documentation

»  Initial assessment of relative capabilities of AATSR. MERIS and SEVIRI aerosol products
WP OUTPUTS:

* Algorithm to merge AATSR, MERIS and SEVIRI aerosol products to be appended to the
Requirements Baseline (RD01) and the Design Justification File (RD02)

WP ACTIVITIES:

Merging algorithm:

» Creation of ATBD of merging algorithm based on Optimal estimation

» Algorithm will include parameters “operational settings™ controlling the merging process (e.g.
as function of land/sea/time/region) to be set based on the independent validation of
AATSR and MERIS products

* The algorithm will merge MERIS and AATSR data according to the accuracy of the product.
Particular attention will be paid to relative accuracy and bias. The SEVIRI product will be
sampled over a 24 hour period and used to fill the gaps in the polar obit overpasses for each
day

TASKS SPECIFICALLY EXCLUDED:

None

4 Qverview

This documenis structuredn thefollowing way:

A brief descriptionof key aspectof ATSR-2, AATSR, MERIS and SEVIRI productsis
provided. Only detailswhich impactthe meging algorithmareprovided. For furtherinfor-
mationseetherelevantATBD.
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Thedistinctproducttypeswhichwill bedeliveredarede ned.

The spatialandtemporalcharacteristicef the meigeddata-setrede ned.
Theapproachio combineobsenationsfrom eachsensoiis described.
Key outputsrequiredfrom the meiging schemearelisted.

A summaryof the requirementsmposedby the meging schemeon the individual sensor
retrieval schemess given.

5 The Individual-SensorAerosolProducts

5.1 Generalcharacteristics

EachlOAP is nominally producedat 10km spatialresolution. The inherentspatialresolu-
tionsof eachsensodiffer, but all aresigni cantly ner than10km. An approactho grid the
sensoidataup to the 10km GlobAerosolresolutionis de ned in this documensuchthatthe
samegrid is usedfor all deliveredproducts.

Theproductsconsistof retrievedestimate®f aerosobpticaldepth(AOD) at0.55and0.865
m , the Angstrgmcoefcient .

For ATSR-2,AATSRandSEVIRItheseproductsareproducedisingtheOxford-RAL Aerosol
andClouds(ORAC) schemeseparatelyor eachof 5 differentaerosomodels(namely“con-
tinental”, “desert”, “maritime”, “urban” and “biomass”). After theseretrievals, the most-
likely aerosoltypeis identi ed usingquality-controlcriteria. For MERIS no type informa-
tion is available.

TheAOD, ,isde nedby
Zl Zl
()= oz )dz= (o+ o)z )dz (1)

The total extinction coefcient, , is de ned asthe sumof the extinction dueto absorption,
a, andscattering, s. z is altitudeand is wavelength.
The Angstramcoefcient is de ned as

dlog[ ()1,
dlog[ ] -

By assumingthat varieslinearly with in the visible, it is directly calculatedfrom the two
retrievedopticaldepths:

(2)

_ log[ o:865= 0:55] .
Ao:55,0:865 = log [0:865=0:55] 3
5.2 AATSR
AATSRdatais availablefrom April 2002to the present.

One productis producedper day correspondingo the time of eachEnvisat obsenation
(de ned by the sun-synchronouserbit with descendinghodeequatorcrossingof 10:30am
local solartime).

The AATSR swathwidth is 512i km centredon the sub-satellitgooint.



5.3 MERIS
MERIS datais availablefrom April 2002to the present.

As AATSR, Oneproductis producedperday correspondingdo time of eachEnvisatobser
vation.

The MERIS swathwidth is 1150km centredon the sub-satellitgpoint.

5.4 SEVIRI

SEVIRI is on the Meteosat-&latform (formerly namedVSG-1) which is currentlyin geo-
stationaryorbitabove O latitudeandlongitude.Datais availableevery 15 minutes.

SEVIRI was launchedon 28 August2002. The missionwas declaredoperationalon 29
January2004. It is assumedhat datawill be availableto this projectonly after the latter
date.

Thegeographicatoverageavailableis illustratedin gure 1.

The SEVIRI productswill beproducedat10:15and16:15UT (univeraltime = Greenwich
MeanTime, GMT). (Level 1 datais availableevery 15 minutesbut only 2 time-slotsperday
canbe processedvithin availablecomputationatesources.)

Line of sight zenith /°
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Figurel: The Earthdisk viewed by SEVIRI. The line-of-sightzenithangleof SEVIRI from the
groundis showvn by thecolourscale.

5.5 ATSR-2

ATSR-2datais availablefrom April 1995to the present. However (a) the pointing accu-
ragy of the ERS-2platformwasdegradedby gyro failure after January2001and (b) after
the ERS-2taperecorderdailedin June2003geographicatoverageis restrictedto regions
obsened while ERS-2hasline-of-sightcontactwith a numberof ground-stationsIn ary
event, comprehensie data-setafter January2001will areunlikely to be availableto this
projects(routineproductionandcataloguingof UBT dataat RAL wassuspendedftergyro
failure,pendingtheimplementatiorof anadequatgeolocatiorscheme).
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The ATSR-2swathwidth is 512kmcentredon the sub-satellitgpoint, thoughdueto down-
link bandwidthrestrictionsyariousreducedcoveragemodesareoftenoperated.

6 Deliverable products

Threetypesof productareidenti ed. Eachproductcontaindatareferencedo thede ned GlobAerosol
grid:

1. Individual-sensoOrbit-basederosolProductgIOAP). Theseles containall theoutputof
the individual sensorretrievals, with coveragecorrespondingo that of the original level 1
(radiancedatafrom thesensorlIn particular:

For ORAC retrievals (ATSR-2,AATSRandSEVIRI) theseles containtheresultsfor
all of the ve aerosolypes,plusanindicationof the“best” type,i.e. a ag indicating
which aerosoretrieval is considereanostrepresentatie of the scenepasecdn quality
controlcriteriawhicharede ned following thepreliminaryvalidationof theindividual
sensoraerosolproducts(seesection10, below). No information shouldbe lost in
translatingthe original ORAC les (one of which is producedfor eachaerosoltype
separately)nto theamalgamatetOAP.

Since,in all casesradiancelatais griddedontotheselectedslobAerosolgrid (seegrid
selectionbelow) beforetheretrievals arerun, the IOAPSs containresultswhich corre-
sponddirectly to GlobAerosolgrid boxes. However, datais only storedfor grid boxes
for which aretrieval wasattemptedor the givenorbit (ATSR-2,AATSR, MERIS) or
time-slot(SEVIRI).

2. Individual-sensotGlobal AerosolProductIGAP). OnelGAP is producedoerdayfor each
sensor The IGAPs containrecordsfor all GlobAerosolgrid boxes( lled with null-records
werenoretrieval is availablefor a givenbox). For ORAC retrievalsresultsareonly reported
for the“best” aerosolkype (andthis typeis identi ed).

In all caseghe IGAPs containestimatef aerosoloptical depth(AOD) at 0.55and0.865
m andthe Angstramcoefcient .

Note that for all instrumentgheremay be morethanoneretrieval presentn a givengrid
square.For SEVIRI thisis clearsince10:15and 16:15UT time slotsare processed For
ATSR-2,AATSRandMERIS two or moreresultswill potentiallybeavailablewhereswaths
overlaptowardshigh latitude. To resole theseambiguitiesthe IGAPs are producedusing
a meing algorithm, de ned below, which attemptsto derive the aerosolproperty most
appropriateo a speci ¢ time whichis de ned for eachgrid box.

In addition, the reportedaerosolpropertiesin the IGAPs are alsobias correctedbasedon
resultsfrom the preliminaryvalidationof the IOAPs.

IGAPsthereforeconstitutebias-correctedaily mapsof aerosopropertieslervedfrom each
sensorataspeci c time of day.

3. MergedGlobal AerosolProductfMGAP). OneMGAP is produceperdaywhich combines
the resultsfrom all available sensordnto a singlemapin the sameformat asthe IGAPS,
valid for the samespeci c time of day The samealgorithmis de ned belov to implement
thememging stepsnecessaryo generatdoththe IGAPsandMGAPsfrom the|IOAPs. From
the processingooint of view IGAPs are producedby running the meging schemeusing
IOAPsfrom oneinstrumentnly.
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MGAPsthereforeconstitutedaily mapsof whatis consideredo bethebestrepresentationf
theaerosoleld for thespeci c time of day, basecdninformationfrom all includedsensors.

7 De nition of the GlobAerosolgrid

7.1 Gridding schemes

All individual sensorsarerequiredto be producedat 10km spatialresolution. For the individual
sensorsit would be possibleto satisfythis requiremenby de ning a grid basedon the inherent
samplingcharacteristicef theinstrument(e.g. averagingradiance®r retrievalsfrom 10x101km
“pixels” in orderof acquisitionby the instrument). However suchgrids would differ between
the IOAPs. Spatialinterpolationof the IOAPs ontoa commongrid de ned for the IGAP/MGAP
is not desirable,sincethis would imply a degradationof spatialresolution. It is prefeable for
the IGAP/MGAPQgrid to be adoptedat the earliestpossibleprocessingtage. If the 10km IOAP
andIGAP/MGAP grids arenot the sameit would be necessaryo storeretrievalsat ner spatial
resolutionin thelGAPsor toleratesomedegradation( factor2) in the MGAP resolution.

Many approachearepossibleto de ne agrid which hasa nominalspatialresolutionof 10km.
It is fundamentallyimpossibleto de ne agrid in which all “boxes” have exactly similar areaand
shape.Even ngglectingthe ellipticity of the Earth, thereis no regular tessellatiorof the sphere
having morefaceghantheicosahedron i.e. 20 equilaterakriangles.

It is assumedhatthe following approachs adoptedo up-scalener resolutionradiancesor
aerosokretrievals:

A setof grid-pointsare de ned (seebelav) correspondingo the centreof implied grid-
boxes.

Each ne-resolutionradiance retrieval is associatedavith thegrid-pointnearesto it.

All radianced retrievals associatedvith eachgrid-point are averagedto form the 10 km
resolutionproduct.

Thegrid-boxesarethereforamplicitly de ned by polygonscentredoneachgrid-point. Depending
onthegriddingschemethepolygonsmaybemoreor lessirregular. Althoughnotrequireddirectly
for productionof the GAPs, the edgesand verticesof eachpolygon (in latitude and longitude
coordinatesarerequiredto validatethe GAPsandby usersto properlyinterpretthe data.

This approaclcanbe adoptedvhaterer the methodusedto de ne the grid-pointsthemseles.
Eachof the schemeslescribedoelow could thereforebe implementedwithout particularlycom-
plicatingthe GAP retrieval / merging schemes.

Note thatrepresentationf the global eld in termsof basisfunctionsanalogougo spherical
harmonicqi.e spectralgrids) arenot considereduitableherebecaus®f the spatiallydiscreteand
sparsenatureof the GAPs. (On a singledaytherewill be datagapsdueto cloudsin all products,
betweerthe Envisatswathsandoutsidethe SEVIRI eld-of-view. It is not consideredensibleto
baseGAPson agriddingschemewvhich would implicitly interpolateacrosssuchdata-gaps.)

Regular latitude-longitude grids

l.e. agrid is de ned which is equallyspacedn latitudeandlongitude. A grid spacingof 0.1
degreewould give 10x10kmspatialresolutionat the equator
Advantages:

Simpleto implement.
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Easilyunderstoody users.
Disadwantages:

Theareaof eachgrid box rapidly reducegowardshigherlatitudes(tendingto O atthepoles).

Gaussiangrids

Gaussiargridsareusedby ECMWF to provide a compactrepresentatioof atmospheri@andsur
facedatawhichis amenabléo rapid corversionto andfrom thespectragridsusedby their global
circulationmodel.

To quotefrom ECMWF documentation:

“A Gaussiargrid is alatitude/longitudegrid. The spacingof the latitudesis not regular. How-
ever, the spacingof the lines of latitudeis symmetricalaboutthe Equator Note thatthereis no
latitudeat eitherPoleor atthe Equator A grid is usuallyreferredto by its 'number' N, whichis
thenumberof linesof latitudebetweera Poleandthe Equator

“The longitudesof thegrid pointsarede ned by giving thenumberof pointsalongeachline of
latitude. The rst pointis atlongitude0 andthe pointsareequallyspacedlongtheline of latitude.
In aregular Gaussiargrid, the numberof longitudepointsalonga latitudeis 4 N. In areduced
Gaussiargrid, the numberof longitudepointsalonga latitudeis speci ed. Latitudesmay have
differing numbersof pointshbut the grid is symmetricalaboutthe Equator A reducedGaussian
grid mayalsobe calleda quasi-rgularGaussiargrid.

“In the reducedgrids usedby ECMWEF, the numberof pointson eachlatituderow is chosen
sothatthe local east-wesgrid lengthremainsapproximatelyconstantfor all latitudes,with the
restrictionthat the numbershouldbe suitablefor the FastFourier Transformusedto interpolate
spectralelds to grid point elds, ie number= 2° 3% 5.” (Wherep, g, r areintegers.)

ECMWEF currentlyemploy gridsupto numbem512whichcorrespondso alatitude/ longitude
spacingof 0.08785 or 20km. For the purpose®f this projecta N1024grid would berequiredto
give 10kmspatialresolution.For illustrationpurposesthe N32 grid is de ned in table 1.

Advantages:

Grid boxesaremuchcloserto having equalareain thereducedGaussiargrid schemehana
simplelatitude-longitudeyrid.

Easilyunderstoody usersalreadyfamiliar with ECMWF data.
Codeto handledatain this formatappeargo be availablefrom ECMWF (tbc).

Meteorologicaldatafrom ECMWEF is availablein a similar form (thoughat reducedesolu-
tion).

Disadwantages:

To enableproperinterpretatiorof the data,the verticesandedgesof eachgrid-boxmustbe
de ned andsuppliedto users.

Codeto transformto a simplelatitude-longitudegrid would be neededy users.

Theimplied grid boxesareirregularly shaped.

Thttp:/imww.ecmwf.int/publications/marals/libraries/interpdation/gaussianGdsFIS.hml
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Latitude No. longitudepoints Latitude
index | Reducedyrid | Regulargrid | degrees
1 20 128 87.86379
2 27 128 85.09652
3 36 128 82.31291
4 40 128 79.52560
5 45 128 76.73689
6 50 128 73.94751
7 60 128 71.15775
8 64 128 68.36775
9 72 128 65.57760
10 75 128 62.78735
11 80 128 59.99702
12 90 128 57.20663
13 90 128 54.41619
14 96 128 51.62573
15 100 128 48.83524
16 108 128 46.04472
17 108 128 43.25419
18 120 128 40.46364
19 120 128 37.67308
20 120 128 34.88252
21 128 128 32.09194
22 128 128 29.30135
23 128 128 26.51076
24 128 128 23.72017
25 128 128 20.92957
26 128 128 18.13897
27 128 128 15.34836
28 128 128 12.55775
29 128 128 9.76714
30 128 128 6.97653
31 128 128 4.18592
32 128 128 1.39530

Table1l: ECMWEF Gaussiargrid N32. Points33 to 64 cover the Southerrhemispheren a sym-
metricalfashion.
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Sinusoidalgrid

Longitude, istransformedasa functionof latitude, , asfollows

°= coy ) 4)
A regulargrid in transformedongitude °and(normal)latitude is thenadopted.See gure
2.

Thesurfaceof theearthis coveredby rectangulatilesin thetransformedatitudeandlongitude
coordinatesTheseiles canbeidenti ed by coordinates: andv.

u= Rgcog ) + Ug (5)
v=Ry +Vp (6)
Where
Ry = Neg=360 (7)
Uo = 180:Ry + 05 (8)
Vo = 90 :Rg + 0:5 (9)

N¢q is the numberof tiles aroundthe equatorandshouldbe aneveninteger. If N is divisible by
4 thenthe equatoriies on the boundarybetweengrid boxes. Integer valuesof u, v correspondo
the centreof eachtile in the sinusoidalgrid.

Datacanbestoredeasilyin a2-darrayindexedby integervaluesof u andv whichrunfrom 1 to
Neq andl to Neg=2, respectrely. Howeverthis storagdas somavhatwastefulasmary pointsin the
arraydo not correspondo valid latitude/ longitudecombinationslt maythereforebe corvenient
to storedatain a 1-d arraycontainingonly valid grid points.u andv coordinatesanbe corverted
to anindex to this arrayasfollows:

i=u+ B, Neg=2+ N,=2 (10)

Whereu andv arehereassumedo beroundedo the nearestntegerandarethereforeconsidered
asindicesto the columnandrow of a givengrid box. N, is thenumberof valid grid boxesin row
v andB, isthe rst index assignedo agrid boxin row v. N is equalto coq ):Neq roundedup
to theneareseveninteger. B, is thesumof N, overall rowsfrom1tov 1, exceptfor the rst
row whereB, = 0.

Advantages:

Grid boxesareapproximatelyequalarea.

A similar grid is usedby the MODIS land albedoproduct(usedby the AATSR retrieval
scheme).

Easilyunderstoody usersalreadyfamiliar with MODIS data.
Disadwantages:

Codeto transformto a simplelatitude-longitudegrid would be neededy users(This could
possiblybe basedn existing MODIS code.)

Grid boxesarepoorly de ned at+= 180degreedongitude(whichis of little consequence
for land productsbut of someimportanceor atmospheri@roducts).
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Icosahedralgrids

Approximatelyregulargridscanbede ned asfollows:

Inscribearegular polygonwith triangularfacesinto the sphere.Usually anicosahedrons
chosen20 equilateratriangles,12 vertices).

Subdvide eachfaceinto 4 triangles(projectedontothe surfaceof the surfaceof the sphere)
by bisectingthe greatcircle betweereachvertex.

Iteratethe above stepuntil the desiredresolutionis reached.

Theprocesssillustratedin gure 2.
Advantages:

Grid boxesareapproximatelyequalarea.

All grid boxes are approximatelyregular hexagons,with the exceptionof 12 pentagon-
shapedoxescentredon theoriginalicosahedrowvertices.

Disadwantages:
Codeto transformto a simplelatitude-longitudegrid would be neededy users.

Grid spacingscanonly be chosernwithin a factorof 2 of the desiredresolution(dueto the
iterative bisections).

Mostusersareunlikely to befamiliar with this approach.

7.2 Selectedgrid
For GlobAerosolit hasbeendecidedo adopta sinusoidagrid with Neq = 4008

Figure2: lllustrationof the sinusoidalleft) andicosahedra{right) griddingschemes.
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8 The Merging algorithm

8.1 Temporal characteristicsof the IGAPs and MGAP

A singlemeigedproductwill be producedoerdaywhich correspondso the Envisatobserv-
ing time (i.e. approximatelyl0:30amlocal solartime). Thisimplies:

— For mostof theglobeno interpolationin timeis requiredfor AATSRandMERIS (but
seebelaw).

— SEVIRI datamustbeinterpolatedn time from the universaltime (UT) at which each
scenas acquiredo theEnvisatobsenationtime (whichis dependentnlongitudeand,
to lesserextent, latitude). Thiswill beimplementedasfollows:

TheUT correspondingo the Envisatsub-satellitgpointwhenovereachgrid point
will be determinedor thenominalEnvisatorbit. Thiswill bede nedin a“merg-
ing parametemap” (seebelon) onceandfor all beforethe meging schemes
applied.Thenominaltimesfor eachgrid squareareillustratedin gure 3

The two SEVIRI IOAPs which boundin time the UT of eachgrid pointwill be
identi ed?
SEVIRI productsfrom both the boundinglOAPs will be input to the meging
algorithm. The covarianceassociatedavith eachof thetwo SEVIRI products(see
equationl2 below) will be weightedto effectively performinterpolationin time,
simultaneoushaccountingor ary differencesetweerthe retrieval uncertainties
of thetwo products:

SXO 1 - e K (tnom ts)ZSX 1 (11)

WhereS, is the original matrix valid at SEVIRI GAP time ts beforeor afterthe
MGAP nominaltime, t,om. K is atemporalde-correlatiorfactor At presentt is
assumedhatk = 0:0192541hours 2, suchthatthe variancesare doubledfor a
6 hourtime difference.S,° for eachof thetwo SEVIRI productswill be usedin
equationl2.

— Nearthepolesmultiple retrievalsmaybeavailablefrom overlappingAATSRand(par
ticularly) MERIS swaths.Thesecaseswill betreatedn thesameway asSEVIRI: The
two retrievals which boundin time the nominalUT of the Envisat nadir pointwill be
identi ed andmegedwith otherresultsusingthe samede-correlatiorfactor k. I.e. in
generatheapproacloutlinedfor SEVIRI should,in fact,beimplementedor all instru-
ments.Over mostof theglobe,thiswill resultin notemporalinterpolationfor AATSR
andMERIS, but will exploit multiple retrievalsat high latitudeswhereappropriate.

9 Merging co-locatedretrievals

9.1 Generalapproach

Assumptions:

2In principle all retrieval throughoutthe day could be consideredo allow cloud-freeretrievals from distanttimes
to beinterpolatedwhenthosenearesin time are contaminatedy cloud. It is not proposedo implementthis level
of sophisticatiorsincethe changesn meteorologicatonditionsimplied by the changingcloud cover increasen an
ill-de®nedway the interpolationuncertainties.
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Time / GMT

Figure3: Nominaltime in UT of eachgrid squarein the GlobAerosolgrid, approximatelycor
respondingo thetime at which Ervisatover- ies eachsquare(i.e. 10:30local solartime of the
descendingiodecrossing). Negative valuesindicatea time on the preceedinglay (offsetby 24

hours).
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Merging is only appliedto retrievals which correspondo the sameGlobAerosolgrid box.
No attemptis madeto spatiallyinterpolateretrieveddata.

For a given box, we aregiven N obsenationsof the samesetof quantitiesdescribedoy
VeCtOrSX|:1 N -

Each; is subjectto errorsdescribedy a Gaussiamprobabilitydensityfunctionwith covari-
ances,;.

Obsenationerrorsarenot correlatecbetweerthe N instance®f x.

Themostlikely estimateof x is givenby theweightedmean:
1

x= NSt L1 Sxi i (12)
The covarianceof this “merged” resultis givenby:
1
S= NSt (13)

In the currentcontext eachi correspondso a differentlOAP. No spatialinterpolationwill be
performedsoN will varyfrom0to 6 (AATSR,MERIS, SEVIRI obsenationsattwo timeswhich
boundthe nominaltime of the melgedproduct),dependingon the presencef valid resultsfrom
eachlGAP ateachgrid-point.

A numberof issuesarisewhenconsideringpracticalimplementatiorof this approach.These
arediscussedbelow:

9.2 Merging parameter maps

For the purposeof controllingthemeging schemenumberof parametersmustbede ned. Many
parametersvill beexpectedo exhibit spatialvariationto somedegree.To maintaingeneralityand
simplicity in the meiging code,mostparametersvill be de ned in a “merging parametemap”
(MPM), a le in whichagivenparameters speci ed ateachof the MGAP grid points.

The spatialvariationwithin each le will be de ned on a case-by-casbasisin WP5200,but
whatevervariationis implementedvill have noimplicationsfor thecodingof themeigingscheme.

In mary caseghe quantitiesin the MPMs will vary to accountfor differing retrieval scheme
performanceinderspeci c geophysicatonditions(e.g.overland/ seaor particularsurfacetype).
Multiple MPMs mayberequiredto copewith varyingobservingconditions(particularsolarzenith
angle).For thesecasewalid rangege.g. of solarzenithangle)will bede ned andtheappropriate
MPM selectedno interpolationbetweerMPMs will berequired).

9.3 Treatmentof “bad” data

Beforemeging a numberof testswill be performedon eachlGAP retrieval at eachgrid point. If
atestis failed,the particularAATSR/ SEVIRI/ MERIS IGAP pointwill be agged as“bad” and
notincludedin the meging. Testsinclude:

Satishctorycostfunctionvalueat solution.
Satishctorycloudfraction.
Satishctoryestimatecderrorsfrom theretrieval scheme.

Level of contaminatiorby sun-glint.

Eachthresholdwill bede nedin anMPM (thoughsomemay not vary spatially).
Speci ¢ settingsaregivenin sectionl0, below.
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9.4 Treatmentof Angstregm coef cient

To ensureconsisteng in the nal meigedproductonly thetwo opticaldepthg0.55and0.865 m)
will be megedvia equation12. Angstrgmcoefcient will be derived from theresultingmeged
opticaldepthsusingequation3

9.5 Treatmentof aerosolspeciation

It isanassumptiomf equationl2 thatthex; correspondo thesamequantity Thisassumptiomnvill
beviolatedif the IGAP opticaldepthsaredervedassuminglifferentaerosotypes.lt is therefore
importantto rst identify the type which is to be assignedo the merged product. The merging
equationl2 canthenbeappliedto combineAODsfrom SEVIRI andASTSRwhich correspondo
the sametypewith thatfrom MERIS (which hasno assignedype). I.e. anoverall “best” typeis
identi ed for eachscenan the MGAP andit is the AATSRandSEVIRI retrievalsfor the overall
“best” type thataremeiged (provided satistictoryretrievals exist for this type in eachcase),and
thesewill notnecessarilypetheretrievalswhichare agged asbestin theindividual IOAP les.

The ORAC-basedAATSRandSEVIRI IGAPsinclude AOD for all 5 modelledaerosolypes.
Criteriaarede nedto selecthe“best” typebasednexperiencegainedduringthepreliminaryval-
idationof the products.However thereis generallyinsufcient informationin the ORAC retrieval
for an unambiguousdenti cation of the aerosoltype. It is thereforelikely thatthe AATSR and
SEVIRI I0APs,andeventhe IOAPsfrom the samesensoiat thetwo timesboundingthenominal
meiging time, will notagreeasto whichis the“best” aerosotypefor agivengrid box.

SinceSEVIRI providesmoreuniform coverageoverthediskit obsenres,it is likely to resultin
fewer/ lesspronouncedliscontinuitiesn the MGAP if SEVIRI is usedto de ne the aerosolype
where SEVIRI datais present.However the SEVIRI sceneat 16:15UT is quite distantin time
from thenominalmeging time (within the SEVIRI obseneddisk).

Thememing algorithmwill selecttheaerosotypeby takingthetypeidenti ed as“best” from
the rst IOAP in thefollowing priority list with valid retrievalsfor a givenscene:

SEVIRI IOAP atthetime nearesto the nominalmemging time, to. (This will bethe 10:15
UT scene.)

AASTR IOAP atty.

SEVIRI IOAP at the othertime boundingthe nominalmeging time, t;. (Thiswill bethe
16:15UT scene.)

AASTR IOAP att;.

If only MERIS datais presenthentheaerosotypewill be agged as“unknown”.

9.6 Determination of the covariances

TheS, for eachIGAP will bea2x2 matrix (correspondingo thetwo AODS).
Currentlyit is proposedo neglecterrorcorrelationdbetweerthetwo opticaldepthsandthere-
fore the off-diagonalsof this matrix aresetto 0. Thevariancesarede ned asfollows:

For ORAC-basedetrievalsvariancesretakenfrom theestimatedetrieval errorreportedn
thelOAP.

For MERIS no errorsarereportedin the IOAP andsothe variancesare estimatedrom the
spreadof theretrieval valuesaboutco-locatedAeronetmeasurementssdeterminedn the
preliminaryvalidation.
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9.7 Correcting sensordependentbiases

Equation12 assume®rrorsare not correlatedbetweenthe IGAPs. In practiceeachIGAP will
have speci ¢ geo-temporallydependenbiaseslt is proposedo correctfor thesebiasedy (again)
usingresultsfrom the preliminarylGAP validation:

Scatteplotsof IGAP AOD vs AeronetAOD will beproduced.

Linear (optionally secondorder) ts to the relationshipbetweenlGAP and AeronetAOD
will becalculatedusingaleast-squaresting approach).

Thecoefcients of thesets arestoredin regionslocalto thecorresponding\eronetstations
in MPMs.

EachIGAP AOD is correctedby the tted rst or secondorderpolynomialbeforeapplicationof
equationl2. l.e. eachiIGAP AOD is biascorrectedelative to the AeronetAODs.

Coefcients will bede nedfor eachiGAP, for eachof the veaerosolypesin aspeci c MPM.
MPMs maybede ned for particularrangesof solarzenithangledependingon the outcomeof the
validation.

10 Step-by-stepimplementation of the merging algorithm

Having de ned the basicprinciplesand equationsbehindthe merging processn the preceeding
sectionsthe following providesa step-by-steqescriptionof the completeprocess,lling-in  de-
tails requiredfor the codingof the algorithm.

Theprocesss alsoillustratedin gures 4 and5. Figure4 illustratesthe overall processinclud-
ing the operationof the ORAC retrievalsonlevel 1 radiancedata.Figure5 illustratesthe meiging
processincludingtheidenti cation of the“best” typefor the MGAP.

Note thatthe schemds applied5 times: Four timesto the IOAPs of eachsensoiindividually
to generatdGAPs,anda nal timeincludinglOAPsfrom all sensorgotherthatATSR-2)together
to form the MGAP. Herewe describethe MGAP formation,sincethis is the generalcase.|GAP
formationis identical,but takingonly IOAPsfrom thespeci ¢ sensoasinput. IOAPsarealsogen-
eratedusingATSR-2data,which is notincludedin the MGAP becaus@TSR-2is not processed
overthe periodcontemporaryvith the otherinstruments.

To generatATSR-2,AATSRandSEVIRI dataORAC is runusinginput les which contain
cloud-freeradiancesaveragedonto the GlobAerosolsinusoidalgrid. MERIS datais also
producedon the samegrid. This ensureghatno spatialinterpolationis requiredto generate
thelOAP, IGAP or MGAP.

ORAC output les which areproducedfor every orbit and every aerosoltype areamalga-
matedinto the IOAPs. Thesecontainall theinformationin the original ORAC output les
for agivenorbit for all aerosolkypes.Additionally, the “best” aerosolypeis indicatedby a
ag. The"best”typeis determinedy (i) applyingquality controlcriteriato screerout“bad”
retrievals (i) selectingthe retrieval with lowestcostfrom thoseretrievals which passthese
tests. The following quality control criteria have beendeterminedduring the preliminary
GAP validationandarestoredin MPMs:

— For SEVIRI:

“urban”-typeretrievals are never consideredvalid” for this purpose.Urbanand
pollutedmaritimeresultsarenot consideredn the amalgamatiorfdoingsoled to
confusingresults).



Cloudfractionaccordingto the SEVIRI maskis 0.
Thesurfacealbedoat0.55 mislessthan0.12.
Theretrieval hascorverged.
Theopticaldepthat 0.55 m s lessthan3.
More thanoneiterationof theretrieval wasperformed.
Theretrievedeffective radiusis lessthan8 m.
Thefollowing costfunctionthresholdsareapplieddependingon aerosokypeand
whetherthe grid-boxis overlandor sea(partiallandis consideredaslandfor this
purpose).
< 3for continentabver sea.
<10for desertoversea
< 30for maritimeover sea
<1 for biomassoversea
< 30for continentalbver land
<1 for deserbverland
<1 for maritimeoverland
< 2 for biomassoverland
This schememposesa preferencdor continentalor biomassaerosolover land
andmaritimeor deserover sea.
— For ATSR-2andAATSR:

Over landsurfaceshe cloudfractionmustbelessthan0.5.

Over seaary cloud fraction is acceptable.(N.B. the averageof the nominally
cloud free radiancesn the GlobAerosolgrid-box are always used. Additional
cloud-fractionthresholdsapplyto the whole grid-boxandareusedto compensate
for imperfectcloud-masking.)

Thesurfacere ectanceat0.55 m mustbelessthanO0.2.

Theretrieval musthave have corverged.

Theretrieved0.55 m opticaldepthmustbe greaterthan0.01andlessthan2.0.
Thenumberof iterationsfor eachretrieval mustbe betweer? and25.

The effective radiusretrieved mustbe greatethan0.01andlessthan5 m.
Theretrieval costof eachpointmustbebelow 10 for oceanpixelsandbelow 2 for
land pixels.

Notethatopticaldepthsandeffective radii arestoredin the les aslog,, of theiractual
value. The criteriamustbe appliedaftertemporarilycorvertingthe storedlog,, value
into its correspondin@bsolutevalue. ,The subsequentepresentationf the retrieved
valuesshouldremainin log,, units.

Thenominaldayof theMGAP beingconstructeds de ned. Mostdataenteringnto themap
will originateon thesameUT day, however notethatsincethe nominaltime of the meged
productis approximatelyl0:30amlocal solar time, datapointstowardsthe easterredgeof
thegrid correspondo the previousday (see gure 3).

(Referto gure 5.) For eachGlobaerosogrid-box,thefollowing is performed:

1. Thenominalmegingtime (UT), tnom is readfrom the MPM (see gure 3).
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2. The SEVIRI, AATSRandMERIS retrievalsin the samegrid box which areclosestin
time areidenti ed. Theclosestime (in UT) of eachinstruments referredto ast,.

3. In eachcase|f it exists,theretrieval at the othertime, t; which boundst o, is identi-
ed. ty is alwaysthe closestin time soit maybethe casethateitherty < thom < ty Or
to > thom > t1. tg and/ort; maybeonthepreviousor next dayrelative to thenominal
day of the MGAP. Retrievals morethan12 hoursfrom the nominaltime will not be
consideredn ary case.

. For the ORAC-basedetrievals (ATSR-2,AATSR and SEVIRI), the retrievals which
passhe quality controlcriteriaabose areagainidenti ed.

. ???GMV De ne MERIS Quality Controlhere???

. Thetypewhichwill beassignedo thegivengrid-boxis identi ed by takingtheidenti-
ed “best’retrieval fromthe rst data-setvith valid retrievalsin thepriority list de ned
in section9.5. If theonly valid datapresenis MERIS, thenthetype will beclassi ed
as“unknown”.

N

o Ol

\]

. Thesetof retrievalswhich (a) pasghequality controlcriteriaand(b) correspondo the
selectedypeor arefrom MERIS (unknown type) areincludedin the megedvaluefor
thegivengrid point. Theseretrievalsarehandledasfollows:

(a) The2 2estimatecerrorcovariancematrixfor theopticaldepthsat0.55and0.87
m is formedfor eachretrieval, asdescribedn section9.6. It mustbeensuredhat
theseerrorcovariancesareappropriatdo therepresentatioof theretrieval optical
depthsin log,, units.
(b) Equationllis appliedto eachcovarianceo accounfor theerrorgrowth with time
away from thenominalmemging time.

(c) The optical depthvaluesare bias-correctedisingthe gain and offset parameters
determinedrom linear ts to the Aeronetvs. retrieved optical depthscattemlots
duringthepreliminaryvalidationexercise.

C)=cw+a () (14)

Where ( ) is theretrievedopticaldepth, { ) is thecorrectedpticaldepth,and
Co; C; areoffsetandgainparametersle ned in MPMs. Notethatthe correctionis
de nedin absoluteopticaldepthunits,hencehestored(log,,) valuesmustbecon-
vertedinto absoluteunitsbeforeapplyingthis equatiorandtheresultsubsequently
corvertedbackinto log, 4 units.

(d) Equation12 Is appliedto the correctedoptical depthsto determinethe meiged
optical depths. Note this equationshouldbe applieddirectly to the storedlog,,
opticaldepths.

8. ThememedAngstramcoefcient is determinedrom the meigedoptical depthsusing
equation3.

11 Outputs of the merging scheme

Thefollowing parameterarerequiredin the MGAP product.

A versionnumberidentifying the IGAP processowersions.
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SEVIRI L1 AATSR L1 MERIS L2
10:15 & 16:15 UT 14 Orbits (10:30 LST) 14 Orbits (10:30 LST)
} }
ORAC input Cloud-free radian¢es averaged onto
sinusoinaI grid
{ {
ORAC Retrievals for|5 aerosol types
output 5 hdf files / instrument / time slot or orbit)
llll 'S llll 'S
I i }

Amalgamate Results far aII types 1 file per orbit
> Orbit-based| |n of pest” type in one ncdf file / instrument. No type info
b CIVIET | [T BT | L]
Products I

Merge.1.: Merge time slots Merge overlapping Merge overlapping
= Individual | “pest” type only swaths; best type only swaths
Sensor

GAP [] [] []

Merge 2: Merge instruments time slots / orbits

> Merged best” type only

GAP L]

Figure4: The GlobAerosolprocessinghain. Deliveredproductsareindicatedin italics on the
left. Colouredsquaresepresentetrievalsfor speci c aerosokypes.
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SEVIRI L1 AATSR L1 MERIS L2
10:15 & 16:15 UT 14 Orbits (10:30 LST) 14 Orbits (10:30 LST)
Orbit-based Results for all types | orbits / instruments 1 file per orbit
Aerosol +ID of “best” type in one ncdf file / instrument. No type info

Products

v

For nominal time (t

10:15 time slot swath 0

om)» identify

nearest product in time (t,) +
other nominal time-bounding to
t

product (t,) & apply quality om tom oo
control criteria to exclude bad £ t,
retrievals. (t, always closest & 16:15 time-slot swath 1 (high latitudes only)

could be before or after t,) (only if tyom>10:15)

Select merged type: Choose the
“Best” type from first data-set in
list with any valid retrievals:

1) SEVIRI at time t,

2) AATSR at time t,

) SEVIRI at time t,

)

)

3
4) AATSR at time t,

5) MERIS (i.e. type unknown)
Select all good retrievals for selected type
Scale AOD covariances for time difference
Bias correct AODs

Apply merging formulae to AODs ‘ Merged type + AODs

Figure5: The memging algorithmincluding quality control and selectionof the meiged aerosol
type.
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A versionnumberidentifying the MGAP processoversions.
A versionnumberidentifying the setof MPMs used.
Time anddateof dataapplicabilityandprocessing.

The latitude,longitudeandUT of the MGAP grid points. (Theimplied grid-box polygons
shouldalsobede nedin aseparatetime independente).

For eachgrid-point:

— Index of thegrid point.

— AOD at0.55and0.865microns.

— Estimatedccovarianceof thetwo AODs.

— Angstrgmcoefcient .

— Aerosoltypeindication.

— Indicationof mostlikely typefrom the AATSR/ SEVIRI IGAP if different.

— Flagindicatingwhich IGAPswerevalid andthereforemeiged,includingidenti cation
of thetwo possibleobsenationsboundingthenominalMGAP UT for eachinstrument.

12 Requirementson retrieval algorithms imposedby Merging
scheme

Theb5 aerosoklasseselectedor retrieval shouldemploy similar opticalmodelsandaltitude
pro le shapes.

Theschemeshouldemploy either(a) the samegriddingschemeasthe MGAP or (b) retain
retrievals at ner spatialresolutionsuchthat interpolationonto the MGAP grid doesnot
resultin degradednformation.

13 MPM le format

13.1 Basicassumptions

The following is a descriptionof the format adoptedfor the MPM les. The following general
pointsapply:

Parametersn an MPM le canbe de ned asa function of month. Month is an integer
giving the monthnumbersinceApril 1995 (the startof the ATSR-2mission). If aspeci c

parameterss only de ned for 1 monththenit is to be assumedhatthe givenvaluesapply
for all time. Linearinterpolationin timeis to beassumeavhereMPMs arede ned for more
thanonemonth. Extrapolationshouldnot be performed the de ned valuewhich is closest
in time to therequiredtime shouldbetakenif therequiredvalueis outsidethede nedtime-

range.

MPM les arebinary les written by IDL ona32-bitlinux machine.

Long integersare4 byteslong. Shortintegersare2 bytes.Floatsare4 bytes.Doublesare8
bytes.
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13.2 File format

Thefollowing describeshe contentsof each le:
An “MPM string” (seel3.5 containingthe le version.
Long integerde ning theMPM type MPM_TYPEThis canhave valuel or 2:

— MPM_TYPE=1Eachtile in the sinusoidalgrid is given a region number(e.g. 0 for
land, 1 for ocean).MPM parametersrrede ned for eachof the numberedegions. If
only oneregionis de ned thenthe parameters assumedo applyglobally.

— MPM_TYPE=2Eachtile in thesinusoidabrid is givenaspeci edvalueof themeging
parameter

Thetypeis choseron a parameteby parametebasisto minimisethesizeof the MPM le.

Long integer de ning the numberof grid points roundthe equatorin the sinusoidalgrid.
Thiswill be4008for GlobAerosol:

MPM string containingthe nameof the le whenoriginally produced.
MPM stringdescribingthe origin of the le (RAL, Oxford, GMV etc).
MPM stringdescribingthe history of the le.

MPM stringcontainingthecreationdataof the le asreturnedoy thelDL systimecommand,
e.g.“WedMay 3112:59:412006".

MPM string de ning the instrumentto which the MPM applies. This can be one of the
following:

— SEVIRI, AATSR,ATSR-2,MERIS
1 long integerde ning thenumberof parametere the le: N_PAR
N_PARMPM stringsgiving the nameof eachparameter

1 long integer de ning the numberof aerosoltypesfor which the parametersre de ned:
N_AERIf thisis 1 thenthe parameterapplyto all aerosoltypes.

N_AERMPM stringsgiving the nameof aerosokype.

1 long integer de ning the numberof wavelengthsfor which the parametersre de ned:
N_WLIf thisis 1 thenthe parametersapplyto all wavelengths.

N_WL oat valuesgiving thevalueof eachwavelength.

1longintegerde ning thenumberof monthsfor whichtheparameterarede ned: N_MONTHS
If thisis 1 thenthe parameterapplyto all months.

N_MONTH#®nNg valuesgiving thevalueof eachmonth.

Theremainingle contentdependon MPM_TYPE
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13.3 MPM le typel

1 long integerde ning the numberof regionsfor which parameterarede ned: N_REG
1 long integergiving thetype,|_TYPE, of the MPM variableasfollows:

— 1: byte

— 2: shortsignedinteger(2 bytes)
— 3: longsignedinteger (4 bytes)
— 4: oat (4 bytes)

— 5: double(8 bytes)

An array PARS of typel_TYPE with dimensions
— N_PAR, N_WL, N_AER, N_MONTHS,N_REG
This containghevaluesof the meging parameter

If the numberof regionsis greaterthanl thenregionsarede ned on the sinusoidalgrid as
follows:

1 longintegergiving the numberof tiles in the sinusoidalgrid beingused:N_GRID.

N_GRID shortsignedintegersgiving the region numberfor eachgrid tile, | REG (zero-
basedndex to

N_GRIDshortsignedintegersgiving theu-coordinateof eachgrid tile (seesection7.1).

N_GRIDshortsignedintegersgiving thev-coordinateof eachgrid tile (seesection7.1).

13.4 MPM le type?2

1 long integergiving the numberof tilesin the sinusoidalgrid beingused:N_GRID.
1 longintegergiving thetype,l_TYPE, of the MPM variableasde ned in section13.3
An array PARS of typel_TYPE with dimensions

— N_PAR,N_WL,N_AER,N_MONTHS,NGRID
This containghevaluesof the meiging parameter
N_GRIDshortsignedintegersgiving the u-coordinateof eachgrid tile (seesection7.1).

N_GRIDshortsignedintegersgiving thev-coordinateof eachgrid tile (seesection7.1).

13.5 MPM string

1 longintegerde ning thelengthof thestring: LEN
LENbytesof ASCII encodedext (if LEN > 0).
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