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1 Documentversionhistory

� 1.0: Originaldocumentissued4 February2005.

� 1.1: Issued31May 2005.

– Addedsection13: De�nition of MPM �le format.

– Addedde�nition of sinusoidalgrid coordinates,u; v to section7.1.

– De�ned grid selectedfor study(sinusoidalNeq = 4008).

� 2.0: 6 February2007

– IntroducedIOAP asadeliveredproductandre-de�nedIGAP.

– Updatedsection5.

– Added�gure 3 to illustratenominaltimeof mergedproduct.'

– Addedsection10, giving step-by-stepdescriptionof themergingimplementation.Sec-
tion includesquality controlcriteriadeterminedduringpreliminaryGAPvalidation.

– Added�gures 4 and5 to illustratemergingprocess.

– Criteriafor selectionof mergedaerosoltypechanged/ updatedin section9.5.

– Operationalsettingsde�ned duringWP5200included.

� 2.1: 29 Jun2007

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

2 Intr oduction

This documentdescribesthe algorithmfor merging the global aerosolproducts(GAPs)derived
individually from the AATSR, MERIS and SEVIRI sensorsinto a single merged dataset.The
documentdescribesthemerging schemeandin additiondetailsrequirementswhich areimposed
on theindividualsensorretrieval schemesto facilitatethemerging process.
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3 WP Document

Thisdocumentcoverstheinput requiredunderwork package2330:

4 Overview

Thisdocumentis structuredin thefollowing way:

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

� Thespatialandtemporalcharacteristicsof themergeddata-setarede�ned.

� Theapproachto combineobservationsfrom eachsensoris described.

� Key outputsrequiredfrom themergingschemearelisted.

� A summaryof the requirementsimposedby the merging schemeon the individual sensor
retrieval schemesis given.

5 The Indi vidual-SensorAerosolProducts

5.1 General characteristics

� EachIOAP is nominallyproducedat 10kmspatialresolution.The inherentspatialresolu-
tionsof eachsensordiffer, but all aresigni�cantly �ner than10km.An approachto grid the
sensordataup to the10kmGlobAerosolresolutionis de�ned in thisdocumentsuchthatthe
samegrid is usedfor all deliveredproducts.

� Theproductsconsistof retrievedestimatesof aerosolopticaldepth(AOD) at0.55and0.865
�m , the 	Angstrømcoef�cient .

� ForATSR-2,AATSRandSEVIRI theseproductsareproducedusingtheOxford-RALAerosol
andClouds(ORAC) scheme,separatelyfor eachof 5 differentaerosolmodels(namely“con-
tinental”, “desert”, “maritime”, “urban” and“biomass”). After theseretrievals, the most-
likely aerosoltype is identi�ed usingquality-controlcriteria. For MERIS no type informa-
tion is available.

TheAOD, � , is de�ned by

� (� ) =
Z 1

0
� e(z; � ) dz =

Z 1

0
(� s + � a)(z; � ) dz (1)

The total extinction coef�cient, � e, is de�ned asthesumof theextinction dueto absorption,
� a, andscattering,� s. z is altitudeand� is wavelength.

The 	Angstrømcoef�cient is de�ned as

d log[� (� )]
d log[� ]

: (2)

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

	A0:55;0:865 =
log[� 0:865=�0:55]
log[0:865=0:55]

: (3)

5.2 AATSR

� AATSRdatais availablefrom April 2002to thepresent.

� One product is producedper day correspondingto the time of eachEnvisat observation
(de�ned by the sun-synchronousorbit with descendingnodeequatorcrossingof 10:30am
local solartime).

� TheAATSRswathwidth is 512i km centredon thesub-satellitepoint.
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5.3 MERIS

� MERISdatais availablefrom April 2002to thepresent.

� As AATSR,Oneproductis producedperdaycorrespondingto time of eachEnvisatobser-
vation.

� TheMERISswathwidth is 1150km centredon thesub-satellitepoint.

5.4 SEVIRI

� SEVIRI is on theMeteosat-8platform(formerly namedMSG-1)which is currentlyin geo-
stationaryorbit above0� latitudeandlongitude.Datais availableevery15 minutes.

� SEVIRI was launchedon 28 August2002. The missionwasdeclaredoperationalon 29
January2004. It is assumedthat datawill be availableto this projectonly after the latter
date.

� Thegeographicalcoverageavailableis illustratedin �gure 1.

� TheSEVIRI productswill beproducedat 10:15and16:15UT (univeraltime = Greenwich
MeanTime,GMT). (Level 1 datais availableevery15minutesbut only 2 time-slotsperday
canbeprocessedwithin availablecomputationalresources.)

Figure1: TheEarthdisk viewedby SEVIRI. The line-of-sightzenithangleof SEVIRI from the
groundis shown by thecolourscale.

5.5 ATSR-2

� ATSR-2datais availablefrom April 1995to the present.However (a) the pointing accu-
racy of the ERS-2platform wasdegradedby gyro failure after January2001and(b) after
theERS-2taperecordersfailed in June2003geographicalcoverageis restrictedto regions
observed while ERS-2hasline-of-sightcontactwith a numberof ground-stations.In any
event, comprehensive data-setsafter January2001will areunlikely to be availableto this
projects(routineproductionandcataloguingof UBT dataatRAL wassuspendedaftergyro
failure,pendingtheimplementationof anadequategeolocationscheme).
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� TheATSR-2swathwidth is 512kmcentredon thesub-satellitepoint, thoughdueto down-
link bandwidthrestrictions,variousreducedcoveragemodesareoftenoperated.

6 Deliverableproducts

Threetypesof productareidenti�ed. Eachproductcontainsdatareferencedto thede�nedGlobAerosol
grid:

1. Individual-sensorOrbit-basedAerosolProducts(IOAP). These�les containall theoutputof
the individual sensorretrievals,with coveragecorrespondingto thatof theoriginal level 1
(radiance)datafrom thesensor. In particular:

� For ORAC retrievals(ATSR-2,AATSRandSEVIRI) these�les containtheresultsfor
all of the� ve aerosoltypes,plusanindicationof the“best” type,i.e. a �ag indicating
whichaerosolretrieval is consideredmostrepresentativeof thescene,basedonquality
controlcriteriawhicharede�ned following thepreliminaryvalidationof theindividual
sensoraerosolproducts(seesection10, below). No information shouldbe lost in
translatingthe original ORAC �les (oneof which is producedfor eachaerosoltype
separately)into theamalgamatedIOAP.

� Since,in all cases,radiancedatais griddedontotheselectedGlobAerosolgrid (seegrid
selectionbelow) beforethe retrievalsarerun, the IOAPscontainresultswhich corre-
sponddirectly to GlobAerosolgrid boxes.However, datais only storedfor grid boxes
for which a retrieval wasattemptedfor thegivenorbit (ATSR-2,AATSR,MERIS) or
time-slot(SEVIRI).

2. Individual-sensorGlobalAerosolProducts(IGAP). OneIGAP is producedperdayfor each
sensor. TheIGAPscontainrecordsfor all GlobAerosolgrid boxes(�lled with null-records
werenoretrieval is availablefor agivenbox). For ORAC retrievalsresultsareonly reported
for the“best” aerosoltype(andthis typeis identi�ed).

In all casesthe IGAPscontainestimatesof aerosolopticaldepth(AOD) at 0.55and0.865
�m andthe 	Angstrømcoef�cient .

Note that for all instrumentstheremay be morethanoneretrieval presentin a given grid
square.For SEVIRI this is clearsince10:15and16:15UT time slotsareprocessed.For
ATSR-2,AATSRandMERIStwo or moreresultswill potentiallybeavailablewhereswaths
overlaptowardshigh latitude. To resolve theseambiguitiesthe IGAPs areproducedusing
a merging algorithm, de�ned below, which attemptsto derive the aerosolpropertymost
appropriateto a speci�c timewhich is de�ned for eachgrid box.

In addition, the reportedaerosolpropertiesin the IGAPs arealsobiascorrectedbasedon
resultsfrom thepreliminaryvalidationof theIOAPs.

IGAPsthereforeconstitutebias-correcteddaily mapsof aerosolpropertiesderivedfrom each
sensor, at aspeci�c timeof day.

3. MergedGlobalAerosolProducts(MGAP). OneMGAP is produceperdaywhichcombines
the resultsfrom all availablesensorsinto a singlemap in the sameformat as the IGAPs,
valid for thesamespeci�c time of day. Thesamealgorithmis de�ned below to implement
themergingstepsnecessaryto generateboththeIGAPsandMGAPsfrom theIOAPs.From
the processingpoint of view IGAPs are producedby running the merging schemeusing
IOAPsfrom oneinstrumentonly.
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MGAPsthereforeconstitutedaily mapsof whatis consideredto bethebestrepresentationof
theaerosol�eld for thespeci�c timeof day, basedon informationfrom all includedsensors.

7 De�nition of the GlobAerosolgrid

7.1 Gridding schemes

All individual sensorsarerequiredto beproducedat 10kmspatialresolution.For the individual
sensors,it would be possibleto satisfythis requirementby de�ning a grid basedon the inherent
samplingcharacteristicsof theinstrument(e.g.averagingradiancesor retrievalsfrom 10x101km
“pixels” in order of acquisitionby the instrument). However suchgrids would differ between
the IOAPs. Spatialinterpolationof the IOAPsontoa commongrid de�ned for the IGAP/MGAP
is not desirable,sincethis would imply a degradationof spatialresolution. It is preferable for
the IGAP/MGAPgrid to beadoptedat theearliestpossibleprocessingstage. If the10kmIOAP
andIGAP/MGAP grids arenot thesameit would be necessaryto storeretrievalsat �ner spatial
resolutionin theIGAPsor toleratesomedegradation(� factor2) in theMGAP resolution.

Many approachesarepossibleto de�ne agrid whichhasanominalspatialresolutionof 10km.
It is fundamentallyimpossibleto de�ne a grid in which all “boxes” have exactly similar areaand
shape.Even neglectingthe ellipticity of the Earth, thereis no regular tessellationof the sphere
having morefacesthantheicosahedron- i.e. 20equilateraltriangles.

It is assumedthat the following approachis adoptedto up-scale�ner resolutionradiancesor
aerosolretrievals:

� A set of grid-pointsare de�ned (seebelow) correspondingto the centreof implied grid-
boxes.

� Each�ne-resolutionradiance/ retrieval is associatedwith thegrid-pointnearestto it.

� All radiances/ retrievals associatedwith eachgrid-point areaveragedto form the 10 km
resolutionproduct.

Thegrid-boxesarethereforeimplicitly de�nedby polygonscentredoneachgrid-point.Depending
onthegriddingscheme,thepolygonsmaybemoreor lessirregular. Althoughnotrequireddirectly
for productionof the GAPs, the edgesand verticesof eachpolygon (in latitude and longitude
coordinates)arerequiredto validatetheGAPsandby usersto properlyinterpretthedata.

This approachcanbeadoptedwhatever themethodusedto de�ne thegrid-pointsthemselves.
Eachof theschemesdescribedbelow could thereforebe implementedwithout particularlycom-
plicatingtheGAP retrieval / mergingschemes.

Note that representationof theglobal �eld in termsof basisfunctionsanalogousto spherical
harmonics(i.e spectralgrids)arenotconsideredsuitableherebecauseof thespatiallydiscreteand
sparsenatureof theGAPs. (On a singledaytherewill bedatagapsdueto cloudsin all products,
betweentheEnvisatswathsandoutsidetheSEVIRI �eld-of-view. It is not consideredsensibleto
baseGAPson agriddingschemewhichwould implicitly interpolateacrosssuchdata-gaps.)

Regular latitude-longitude grids

I.e. a grid is de�ned which is equallyspacedin latitudeandlongitude. A grid spacingof � 0.1
degreewouldgive10x10kmspatialresolutionat theequator.

Advantages:

� Simpleto implement.
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� Easilyunderstoodby users.

Disadvantages:

� Theareaof eachgrid boxrapidlyreducestowardshigherlatitudes(tendingto 0 atthepoles).

Gaussiangrids

Gaussiangridsareusedby ECMWF to provide a compactrepresentationof atmosphericandsur-
facedatawhich is amenableto rapidconversionto andfrom thespectralgridsusedby theirglobal
circulationmodel.

To quotefrom ECMWF documentation1:
“A Gaussiangrid is a latitude/longitudegrid. Thespacingof thelatitudesis not regular. How-

ever, the spacingof the lines of latitudeis symmetricalaboutthe Equator. Note that thereis no
latitudeat eitherPoleor at theEquator. A grid is usuallyreferredto by its 'number' N, which is
thenumberof linesof latitudebetweenaPoleandtheEquator.

“The longitudesof thegrid pointsarede�nedby giving thenumberof pointsalongeachline of
latitude.The�rst point is at longitude0 andthepointsareequallyspacedalongtheline of latitude.
In a regularGaussiangrid, thenumberof longitudepointsalonga latitudeis 4� N. In a reduced
Gaussiangrid, the numberof longitudepointsalonga latitudeis speci�ed. Latitudesmay have
differing numbersof pointsbut the grid is symmetricalaboutthe Equator. A reducedGaussian
grid mayalsobecalledaquasi-regularGaussiangrid.

“In the reducedgrids usedby ECMWF, the numberof pointson eachlatituderow is chosen
so that the local east-westgrid lengthremainsapproximatelyconstantfor all latitudes,with the
restrictionthat the numbershouldbe suitablefor the FastFourier Transformusedto interpolate
spectral�elds to grid point �elds, ie number= 2p � 3q � 5r . ” (Wherep, q, r areintegers.)

ECMWFcurrentlyemploy gridsupto numberN512whichcorrespondsto alatitude/ longitude
spacingof 0.08785� or 20km. For thepurposesof this projecta N1024grid would berequiredto
give10kmspatialresolution.For illustrationpurposes,theN32 grid is de�ned in table1.

Advantages:

� Grid boxesaremuchcloserto having equalareain thereducedGaussiangrid schemethana
simplelatitude-longitudegrid.

� Easilyunderstoodby usersalreadyfamiliar with ECMWFdata.

� Codeto handledatain this formatappearsto beavailablefrom ECMWF (tbc).

� Meteorologicaldatafrom ECMWF is availablein a similar form (thoughat reducedresolu-
tion).

Disadvantages:

� To enableproperinterpretationof thedata,theverticesandedgesof eachgrid-boxmustbe
de�ned andsuppliedto users.

� Codeto transformto asimplelatitude-longitudegrid wouldbeneededby users.

� Theimplied grid boxesareirregularlyshaped.

1http://www.ecmwf.int/publications/manuals/libraries/interpolation/gaussianGridsFIS.html
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Latitude No. longitudepoints Latitude
index Reducedgrid 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

Table1: ECMWF Gaussiangrid N32. Points33 to 64 cover theSouthernhemispherein a sym-
metricalfashion.
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Sinusoidalgrid

Longitude,� is transformedasa functionof latitude,� , asfollows

� 0 = � cos(� ) (4)

A regulargrid in transformedlongitude� 0 and(normal)latitude� is thenadopted.See�gure
2.

Thesurfaceof theearthis coveredby rectangulartilesin thetransformedlatitudeandlongitude
coordinates.Thesetilescanbeidenti�ed by coordinatesu andv.

u = Rg cos(� )� + u0 (5)

v = Rg� + v0 (6)

Where

Rg = Neq=360� (7)

u0 = 180� :Rg + 0:5 (8)

v0 = 90� :Rg + 0:5 (9)

Neq is thenumberof tiles aroundtheequatorandshouldbeaneveninteger. If Neq is divisible by
4 thentheequatorlies on theboundarybetweengrid boxes. Integervaluesof u, v correspondto
thecentreof eachtile in thesinusoidalgrid.

Datacanbestoredeasilyin a2-darrayindexedby integervaluesof u andv whichrunfrom 1 to
Neq and1 to Neq=2, respectively. Howeverthisstorageis somewhatwastefulasmany pointsin the
arraydo not correspondto valid latitude/ longitudecombinations.It maythereforebeconvenient
to storedatain a1-darraycontainingonly valid grid points.u andv coordinatescanbeconverted
to anindex to thisarrayasfollows:

i = u + Bv � Neq=2 + Nv=2 (10)

Whereu andv arehereassumedto beroundedto thenearestintegerandarethereforeconsidered
asindicesto thecolumnandrow of a givengrid box. Nv is thenumberof valid grid boxesin row
v andBv is the�rst index assignedto a grid box in row v. Nv is equalto cos(� ):Neq, roundedup
to thenearesteveninteger. Bv is thesumof Nv over all rows from 1 to v � 1, exceptfor the�rst
row whereB1 = 0.

Advantages:

� Grid boxesareapproximatelyequalarea.

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

� Easilyunderstoodby usersalreadyfamiliar with MODIS data.

Disadvantages:

� Codeto transformto asimplelatitude-longitudegrid wouldbeneededby users.(Thiscould
possiblybebasedon existingMODIS code.)

� Grid boxesarepoorly de�ned at + =� 180degreeslongitude(which is of little consequence
for landproductsbut of someimportancefor atmosphericproducts).
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Icosahedralgrids

Approximatelyregulargridscanbede�ned asfollows:

� Inscribea regularpolygonwith triangularfacesinto thesphere.Usuallyan icosahedronis
chosen(20equilateraltriangles,12vertices).

� Subdivideeachfaceinto 4 triangles(projectedontothesurfaceof thesurfaceof thesphere)
by bisectingthegreatcirclebetweeneachvertex.

� Iteratetheabovestepuntil thedesiredresolutionis reached.

Theprocessis illustratedin �gure 2.
Advantages:

� Grid boxesareapproximatelyequalarea.

� All grid boxes are approximatelyregular hexagons,with the exceptionof 12 pentagon-
shapedboxescentredon theoriginal icosahedronvertices.

Disadvantages:

� Codeto transformto asimplelatitude-longitudegrid wouldbeneededby users.

� Grid spacingscanonly bechosenwithin a factorof 2 of thedesiredresolution(dueto the
iterativebisections).

� Most usersareunlikely to befamiliarwith thisapproach.

7.2 Selectedgrid

For GlobAerosolit hasbeendecidedto adoptasinusoidalgrid with Neq = 4008.

Figure2: Illustrationof thesinusoidal(left) andicosahedral(right) griddingschemes.
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8 The Merging algorithm

8.1 Temporal characteristicsof the IGAPs and MGAP

� A singlemergedproductwill beproducedperdaywhichcorrespondsto theEnvisatobserv-
ing time (i.e. approximately10:30amlocal solartime). This implies:

– For mostof theglobeno interpolationin time is requiredfor AATSRandMERIS (but
seebelow).

– SEVIRI datamustbeinterpolatedin time from theuniversaltime (UT) at which each
sceneis acquiredto theEnvisatobservationtime(whichis dependentonlongitudeand,
to lesserextent,latitude).Thiswill beimplementedasfollows:

� TheUT correspondingto theEnvisatsub-satellitepointwhenovereachgrid point
will bedeterminedfor thenominalEnvisatorbit. This will bede�ned in a “merg-
ing parametermap” (seebelow) onceand for all beforethe merging schemeis
applied.Thenominaltimesfor eachgrid squareareillustratedin �gure 3

� The two SEVIRI IOAPs which boundin time the UT of eachgrid point will be
identi�ed2

� SEVIRI productsfrom both the boundingIOAPs will be input to the merging
algorithm. Thecovarianceassociatedwith eachof thetwo SEVIRI products(see
equation12 below) will beweightedto effectively performinterpolationin time,
simultaneouslyaccountingfor any differencesbetweentheretrieval uncertainties
of thetwo products:

Sx
0� 1 = e� k(tnom � ts )2

Sx
� 1 (11)

WhereSx is theoriginal matrix valid at SEVIRI GAP time ts beforeor after the
MGAP nominaltime, tnom . k is a temporalde-correlationfactor. At presentit is
assumedthat k = 0:0192541hours� 2, suchthat the variancesaredoubledfor a
6 hour time difference.Sx

0 for eachof the two SEVIRI productswill beusedin
equation12.

– Nearthepolesmultipleretrievalsmaybeavailablefrom overlappingAATSRand(par-
ticularly) MERISswaths.Thesecaseswill betreatedin thesamewayasSEVIRI: The
two retrievalswhich boundin time thenominalUT of theEnvisatnadirpoint will be
identi�ed andmergedwith otherresultsusingthesamede-correlationfactor, k. I.e. in
generaltheapproachoutlinedfor SEVIRI should,in fact,beimplementedfor all instru-
ments.Overmostof theglobe,thiswill resultin no temporalinterpolationfor AATSR
andMERIS,but will exploit multiple retrievalsathigh latitudeswhereappropriate.

9 Merging co-locatedretrievals

9.1 Generalapproach

Assumptions:

2In principleall retrieval throughoutthedaycouldbeconsideredto allow cloud-freeretrievalsfrom distanttimes
to be interpolatedwhenthosenearestin time arecontaminatedby cloud. It is not proposedto implementthis level
of sophisticationsincethechangesin meteorologicalconditionsimplied by thechangingcloudcover increasein an
ill-de®nedway theinterpolationuncertainties.
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Figure3: Nominal time in UT of eachgrid squarein the GlobAerosolgrid, approximatelycor-
respondingto the time at which Envisatover-�ies eachsquare(i.e. 10:30local solartime of the
descendingnodecrossing).Negative valuesindicatea time on the preceedingday (offset by 24
hours).
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� Merging is only appliedto retrievalswhich correspondto thesameGlobAerosolgrid box.
No attemptis madeto spatiallyinterpolateretrieveddata.

� For a given box, we aregiven N observationsof the samesetof quantitiesdescribedby
vectors~x i =1 :::N .

� Each~x i is subjectto errorsdescribedby aGaussianprobabilitydensityfunctionwith covari-
anceSx i .

� ObservationerrorsarenotcorrelatedbetweentheN instancesof ~x.

Themostlikely estimateof ~x is givenby theweightedmean:

~̂x =
�
� N

i=1 Sx
� 1
i

� � 1 �
� N

i=1 Sx
� 1
i ~x i

�
(12)

Thecovarianceof this “merged” resultis givenby:

Ŝx =
�
� N

i=1 Sx
� 1
i

� � 1
(13)

In thecurrentcontext eachi correspondsto a differentIOAP. No spatialinterpolationwill be
performed,soN will vary from 0 to 6 (AATSR,MERIS,SEVIRI observationsat two timeswhich
boundthenominaltime of themergedproduct),dependingon thepresenceof valid resultsfrom
eachIGAP ateachgrid-point.

A numberof issuesarisewhenconsideringpracticalimplementationof this approach.These
arediscussedbelow:

9.2 Merging parameter maps

For thepurposeof controllingthemergingschemeanumberof parametersmustbede�ned. Many
parameterswill beexpectedto exhibit spatialvariationto somedegree.To maintaingeneralityand
simplicity in the merging code,mostparameterswill be de�ned in a “merging parametermap”
(MPM), a �le in whichagivenparameteris speci�edateachof theMGAP grid points.

Thespatialvariationwithin each�le will bede�ned on a case-by-casebasisin WP5200,but
whatevervariationis implementedwill havenoimplicationsfor thecodingof themergingscheme.

In many casesthequantitiesin theMPMs will vary to accountfor differing retrieval scheme
performanceunderspeci�c geophysicalconditions(e.g.over land/ seaor particularsurfacetype).
Multiple MPMsmayberequiredto copewith varyingobservingconditions(particularsolarzenith
angle).For thesecasesvalid ranges(e.g.of solarzenithangle)will bede�ned andtheappropriate
MPM selected(no interpolationbetweenMPMs will berequired).

9.3 Treatmentof “bad” data

Beforemerging a numberof testswill beperformedon eachIGAP retrieval at eachgrid point. If
a testis failed,theparticularAATSR/ SEVIRI / MERIS IGAP pointwill be�agged as“bad” and
not includedin themerging. Testsinclude:

� Satisfactorycostfunctionvalueat solution.

� Satisfactorycloudfraction.

� Satisfactoryestimatederrorsfrom theretrieval scheme.

� Level of contaminationby sun-glint.

Eachthresholdwill bede�ned in anMPM (thoughsomemaynotvaryspatially).
Speci�c settingsaregivenin section10, below.
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9.4 Treatmentof 	Angstrøm coef�cient

To ensureconsistency in the�nal mergedproductonly thetwo opticaldepths(0.55and0.865� m)
will be mergedvia equation12. 	Angstrømcoef�cient will be derived from the resultingmerged
opticaldepthsusingequation3

9.5 Treatmentof aerosolspeciation

It is anassumptionof equation12thatthe~x i correspondto thesamequantity. Thisassumptionwill
beviolatedif theIGAP opticaldepthsarederivedassumingdifferentaerosoltypes.It is therefore
importantto �rst identify the type which is to be assignedto the mergedproduct. The merging
equation12canthenbeappliedto combineAODsfrom SEVIRI andASTSRwhich correspondto
thesametypewith that from MERIS (which hasno assignedtype). I.e. anoverall “best” type is
identi�ed for eachscenein theMGAP andit is theAATSRandSEVIRI retrievalsfor theoverall
“best” type thataremerged(providedsatisfactoryretrievalsexist for this type in eachcase),and
thesewill notnecessarilybetheretrievalswhichare�agged asbestin theindividual IOAP �les.

TheORAC-basedAATSRandSEVIRI IGAPsincludeAOD for all 5 modelledaerosoltypes.
Criteriaarede�nedto selectthe“best” typebasedonexperiencegainedduringthepreliminaryval-
idationof theproducts.However thereis generallyinsuf�cient informationin theORAC retrieval
for an unambiguousidenti�cation of the aerosoltype. It is thereforelikely that the AATSR and
SEVIRI IOAPs,andeventheIOAPsfrom thesamesensorat thetwo timesboundingthenominal
merging time,will notagreeasto which is the“best” aerosoltypefor agivengrid box.

SinceSEVIRI providesmoreuniformcoverageoverthedisk it observes,it is likely to resultin
fewer / lesspronounceddiscontinuitiesin theMGAP if SEVIRI is usedto de�ne theaerosoltype
whereSEVIRI datais present.However the SEVIRI sceneat 16:15UT is quite distantin time
from thenominalmerging time (within theSEVIRI observeddisk).

Themergingalgorithmwill selecttheaerosoltypeby takingthetypeidenti�ed as“best” from
the�rst IOAP in thefollowing priority list with valid retrievalsfor a givenscene:

� SEVIRI IOAP at the time nearestto thenominalmerging time, t0. (This will be the10:15
UT scene.)

� AASTR IOAP at t0.

� SEVIRI IOAP at the othertime boundingthe nominalmerging time, t1. (This will be the
16:15UT scene.)

� AASTR IOAP at t1.

� If only MERIS datais presentthentheaerosoltypewill be�agged as“unknown”.

9.6 Determination of the covariances

TheSx for eachIGAP will bea2x2matrix (correspondingto thetwo AODs).
Currentlyit is proposedto neglecterrorcorrelationsbetweenthetwo opticaldepthsandthere-

fore theoff-diagonalsof thismatrix aresetto 0. Thevariancesarede�ned asfollows:

� For ORAC-basedretrievalsvariancesaretakenfrom theestimatedretrieval errorreportedin
theIOAP.

� For MERIS no errorsarereportedin theIOAP andsothevariancesareestimatedfrom the
spreadof theretrieval valuesaboutco-locatedAeronetmeasurements,asdeterminedin the
preliminaryvalidation.



10. STEP-BY-STEPIMPLEMENTATION OFTHE MERGINGALGORITHM 19

9.7 Corr ecting sensordependentbiases

Equation12 assumeserrorsarenot correlatedbetweenthe IGAPs. In practiceeachIGAP will
havespeci�c geo-temporallydependentbiases.It is proposedto correctfor thesebiasesby (again)
usingresultsfrom thepreliminaryIGAP validation:

� Scatter-plotsof IGAP AOD vs AeronetAOD will beproduced.

� Linear (optionally secondorder) �ts to the relationshipbetweenIGAP andAeronetAOD
will becalculated(usinga least-squares�tting approach).

� Thecoef�cients of these�ts arestoredin regionslocal to thecorrespondingAeronetstations
in MPMs.

EachIGAP AOD is correctedby the �tted �rst or secondorderpolynomialbeforeapplicationof
equation12. I.e. eachIGAP AOD is biascorrectedrelative to theAeronetAODs.

Coef�cients will bede�ned for eachIGAP, for eachof the� veaerosoltypesin aspeci�c MPM.
MPMsmaybede�ned for particularrangesof solarzenithangledependingon theoutcomeof the
validation.

10 Step-by-stepimplementation of the merging algorithm

Having de�ned the basicprinciplesandequationsbehindthe merging processin the preceeding
sections,the following providesa step-by-stepdescriptionof thecompleteprocess,�lling-in de-
tails requiredfor thecodingof thealgorithm.

Theprocessis alsoillustratedin �gures 4 and5. Figure4 illustratestheoverallprocess,includ-
ing theoperationof theORAC retrievalson level 1 radiancedata.Figure5 illustratesthemerging
process,includingtheidenti�cation of the“best” typefor theMGAP.

Notethat theschemeis applied5 times: Four timesto theIOAPsof eachsensorindividually
to generateIGAPs,anda�nal time includingIOAPsfrom all sensors(otherthatATSR-2)together
to form theMGAP. Herewe describetheMGAP formation,sincethis is thegeneralcase.IGAP
formationis identical,but takingonly IOAPsfrom thespeci�c sensorasinput. IOAPsarealsogen-
eratedusingATSR-2data,which is not includedin theMGAP becauseATSR-2is not processed
over theperiodcontemporarywith theotherinstruments.

� To generateATSR-2,AATSRandSEVIRI dataORAC is runusinginput �les whichcontain
cloud-freeradiancesaveragedonto the GlobAerosolsinusoidalgrid. MERIS datais also
producedon thesamegrid. This ensuresthatno spatialinterpolationis requiredto generate
theIOAP, IGAP or MGAP.

� ORAC output�les which areproducedfor every orbit andevery aerosoltype areamalga-
matedinto the IOAPs. Thesecontainall the informationin theoriginal ORAC output�les
for a givenorbit for all aerosoltypes.Additionally, the“best” aerosoltypeis indicatedby a
�ag. The“best” typeis determinedby (i) applyingqualitycontrolcriteriato screenout“bad”
retrievals (ii) selectingtheretrieval with lowestcostfrom thoseretrievalswhich passthese
tests. The following quality control criteria have beendeterminedduring the preliminary
GAP validationandarestoredin MPMs:

– For SEVIRI:

� “urban”-typeretrievalsarenever considered“valid” for this purpose.Urbanand
pollutedmaritimeresultsarenot consideredin theamalgamation(doingsoled to
confusingresults).
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� Cloudfractionaccordingto theSEVIRI maskis 0.
� Thesurfacealbedoat0.55� m is lessthan0.12.
� Theretrieval hasconverged.
� Theopticaldepthat0.55� m is lessthan3.
� More thanoneiterationof theretrieval wasperformed.
� Theretrievedeffective radiusis lessthan8� m.
� Thefollowing costfunctionthresholdsareapplieddependingon aerosoltypeand

whetherthegrid-boxis over landor sea(partial landis consideredaslandfor this
purpose).

� < 3 for continentaloversea.
� < 10 for desertoversea
� < 30 for maritimeoversea
� < 1 for biomassoversea
� < 30 for continentalover land
� < 1 for desertover land
� < 1 for maritimeover land
� < 2 for biomassover land

This schemeimposesa preferencefor continentalor biomassaerosolover land
andmaritimeor desertoversea.

– For ATSR-2andAATSR:

� Over landsurfacesthecloudfractionmustbelessthan0.5.
� Over seaany cloud fraction is acceptable.(N.B. the averageof the nominally

cloud free radiancesin the GlobAerosolgrid-box are always used. Additional
cloud-fractionthresholdsapplyto thewholegrid-boxandareusedto compensate
for imperfectcloud-masking.)

� Thesurfacere�ectanceat0.55� m mustbelessthan0.2.
� Theretrieval musthavehaveconverged.
� Theretrieved0.55� m opticaldepthmustbegreaterthan0.01andlessthan2.0.
� Thenumberof iterationsfor eachretrieval mustbebetween2 and25.
� Theeffective radiusretrievedmustbegreaterthan0.01andlessthan5 � m.
� Theretrieval costof eachpointmustbebelow 10 for oceanpixelsandbelow 2 for

landpixels.

Notethatopticaldepthsandeffectiveradii arestoredin the�les aslog10 of theiractual
value.Thecriteriamustbeappliedafter temporarilyconvertingthestoredlog10 value
into its correspondingabsolutevalue. ,Thesubsequentrepresentationof theretrieved
valuesshouldremainin log10 units.

� Thenominaldayof theMGAP beingconstructedis de�ned. Mostdataenteringinto themap
will originateon thesameUT day, howevernotethatsincethenominaltime of themerged
productis approximately10:30amlocal solar time, datapointstowardstheeasternedgeof
thegrid correspondto thepreviousday(see�gure 3).

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

1. Thenominalmerging time (UT), tnom is readfrom theMPM (see�gure 3).
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2. TheSEVIRI, AATSRandMERIS retrievalsin thesamegrid box which areclosestin
timeareidenti�ed. Theclosesttime (in UT) of eachinstrumentis referredto ast0.

3. In eachcase,if it exists,theretrieval at theothertime, t1 which boundstnom is identi-
�ed. t0 is alwaystheclosestin timesoit maybethecasethateithert0 < tnom < t1 or
t0 > tnom > t1. t0 and/ort1 maybeon thepreviousor next dayrelative to thenominal
day of the MGAP. Retrievals morethan12 hoursfrom the nominal time will not be
consideredin any case.

4. For the ORAC-basedretrievals (ATSR-2,AATSR andSEVIRI), the retrievals which
passthequality controlcriteriaaboveareagainidenti�ed.

5. ???GMV De�ne MERIS QualityControlhere???

6. Thetypewhichwill beassignedto thegivengrid-boxis identi�ed by takingtheidenti-
�ed “best” retrieval from the�rst data-setwith valid retrievalsin thepriority list de�ned
in section9.5. If theonly valid datapresentis MERIS, thenthetypewill beclassi�ed
as“unknown”.

7. Thesetof retrievalswhich(a)passthequalitycontrolcriteriaand(b) correspondto the
selectedtypeor arefrom MERIS(unknown type)areincludedin themergedvaluefor
thegivengrid point. Theseretrievalsarehandledasfollows:

(a) The2� 2 estimatederrorcovariancematrix for theopticaldepthsat0.55and0.87
� m is formedfor eachretrieval,asdescribedin section9.6. It mustbeensuredthat
theseerrorcovariancesareappropriateto therepresentationof theretrieval optical
depthsin log10 units.

(b) Equation11is appliedto eachcovarianceto accountfor theerrorgrowth with time
away from thenominalmerging time.

(c) The optical depthvaluesarebias-correctedusingthe gain andoffset parameters
determinedfrom linear-�ts to theAeronetvs. retrievedopticaldepthscatterplots
duringthepreliminaryvalidationexercise.

� 0(� ) = c0 + c1� (� ) (14)

Where� (� ) is theretrievedopticaldepth,� 0(� ) is thecorrectedopticaldepth,and
c0; c1 areoffsetandgainparametersde�ned in MPMs. Notethatthecorrectionis
de�ned in absoluteopticaldepthunits,hencethestored(log10) valuesmustbecon-
vertedinto absoluteunitsbeforeapplyingthisequationandtheresultsubsequently
convertedbackinto log10 units.

(d) Equation12 Is appliedto the correctedoptical depthsto determinethe merged
optical depths.Note this equationshouldbe applieddirectly to the storedlog10

opticaldepths.

8. Themerged 	Angstrømcoef�cient is determinedfrom themergedopticaldepthsusing
equation3.

11 Outputs of the merging scheme

Thefollowing parametersarerequiredin theMGAP product.

� A versionnumberidentifying theIGAP processorversions.
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Figure4: The GlobAerosolprocessingchain. Deliveredproductsare indicatedin italics on the
left. Colouredsquaresrepresentretrievalsfor speci�c aerosoltypes.
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Figure5: The merging algorithmincluding quality control andselectionof the mergedaerosol
type.
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� A versionnumberidentifying theMGAP processorversions.

� A versionnumberidentifying thesetof MPMsused.

� Timeanddateof dataapplicabilityandprocessing.

� The latitude,longitudeandUT of theMGAP grid points. (The implied grid-boxpolygons
shouldalsobede�ned in aseparate,time independent�le).

� For eachgrid-point:

– Index of thegrid point.

– AOD at0.55and0.865microns.

– Estimatedcovarianceof thetwo AODs.

– 	Angstrømcoef�cient .

– Aerosoltypeindication.

– Indicationof mostlikely typefrom theAATSR/ SEVIRI IGAP if different.

– Flagindicatingwhich IGAPswerevalid andthereforemerged,includingidenti�cation
of thetwo possibleobservationsboundingthenominalMGAP UT for eachinstrument.

12 Requirementson retrieval algorithms imposedby Merging
scheme

� The5 aerosolclassesselectedfor retrieval shouldemploy similaropticalmodelsandaltitude
pro�le shapes.

� Theschemesshouldemploy either(a) thesamegriddingschemeastheMGAP or (b) retain
retrievals at �ner spatialresolutionsuchthat interpolationonto the MGAP grid doesnot
resultin degradedinformation.

13 MPM �le format

13.1 Basicassumptions

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

� Parametersin an MPM �le can be de�ned as a function of month. Month is an integer
giving themonthnumbersinceApril 1995(thestartof theATSR-2mission). If a speci�c
parametersis only de�ned for 1 monththenit is to beassumedthat thegivenvaluesapply
for all time. Linearinterpolationin timeis to beassumedwhereMPMsarede�ned for more
thanonemonth. Extrapolationshouldnot beperformed,thede�ned valuewhich is closest
in time to therequiredtimeshouldbetakenif therequiredvalueis outsidethede�ned time-
range.

� MPM �les arebinary�les written by IDL on a32-bit linux machine.

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

Thefollowing describesthecontentsof each�le:

� An “MPM string” (see13.5) containingthe�le version.

� Long integerde�ning theMPM type, MPM_TYPE. Thiscanhavevalue1 or 2:

– MPM_TYPE=1: Eachtile in the sinusoidalgrid is given a region number(e.g. 0 for
land,1 for ocean).MPM parametersarede�ned for eachof thenumberedregions. If
only oneregion is de�ned thentheparameteris assumedto applyglobally.

– MPM_TYPE=2: Eachtile in thesinusoidalgrid is givenaspeci�edvalueof themerging
parameter.

Thetypeis chosenonaparameterby parameterbasisto minimisethesizeof theMPM �le.

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

� MPM stringcontainingthenameof the�le whenoriginally produced.

� MPM stringdescribingtheorigin of the�le (RAL, Oxford,GMV etc).

� MPM stringdescribingthehistoryof the�le.

� MPM stringcontainingthecreationdataof the�le asreturnedby theIDL 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 parametersin the�le: N_PAR.

� N_PARMPM stringsgiving thenameof eachparameter.

� 1 long integer de�ning the numberof aerosoltypesfor which the parametersarede�ned:
N_AER. If this is 1 thentheparametersapplyto all aerosoltypes.

� N_AERMPM stringsgiving thenameof aerosoltype.

� 1 long integer de�ning the numberof wavelengthsfor which the parametersarede�ned:
N_WL. If this is 1 thentheparametersapplyto all wavelengths.

� N_WL�oat valuesgiving thevalueof eachwavelength.

� 1 longintegerde�ning thenumberof monthsfor whichtheparametersarede�ned: N_MONTHS.
If this is 1 thentheparametersapplyto all months.

� N_MONTHSlong valuesgiving thevalueof eachmonth.

� Theremaining�le contentsdependonMPM_TYPE.



26

13.3 MPM �le type 1

� 1 long integerde�ning thenumberof regionsfor whichparametersarede�ned: N_REG.

� 1 long integergiving thetype,I_TYPE , of theMPM variableasfollows:

– 1: byte

– 2: shortsignedinteger(2 bytes)

– 3: longsignedinteger(4 bytes)

– 4: �oat (4 bytes)

– 5: double(8 bytes)

� An array, PARS, of typeI_TYPE with dimensions

– N_PAR, N_WL, N_AER, N_MONTHS,N_REG

Thiscontainsthevaluesof themergingparameter.

� If thenumberof regionsis greaterthan1 thenregionsarede�ned on thesinusoidalgrid as
follows:

� 1 long integergiving thenumberof tiles in thesinusoidalgrid beingused:N_GRID.

� N_GRID shortsignedintegersgiving the region numberfor eachgrid tile, I_REG (zero-
basedindex 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 thenumberof tiles in thesinusoidalgrid beingused:N_GRID.

� 1 long integergiving thetype,I_TYPE , of theMPM variableasde�ned in section13.3.

� An array, PARS, of typeI_TYPE with dimensions

– N_PAR,N_WL,N_AER,N_MONTHS,N_GRID

Thiscontainsthevaluesof themergingparameter.

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

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

13.5 MPM string

� 1 long integerde�ning thelengthof thestring:LEN

� LENbytesof ASCII encodedtext (if LEN > 0).
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