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Chapter 1

Overview

Aim and structure of thereport Thisreportgivesanovervien aboutthecurrentall sky work-
ing version,whereaghe clearsky module alreadydescribedn D8.1,is animportantpartof the
all sky working version.In orderto enablea goodreadability andto provide anovervien about
thewholeschemeaheclearsky moduleis describedn section2.2. It hasto bementionedhatthis
descriptionis similar to thatdocumentedn D8.1. Yet somecorrectionsupdatesandupgrades
of this descriptionhasbeenperformed.

Section2.3givesanovervien aboutthecurrentstatusandplanningwith respecto thecloudysky
module,aswell asandescriptionof the cloud modulecurrentlyusedwithin theall sky working
version. As a consequencef the delayof the MSG launchthe currentall sky working version
is not basedon MSG datanor on retrieved cloud properties suchascloud optical depth,cloud
fractionor cloudheight. Theconceptgor thenew SOLISschemearereadyandbasicalgorithms
areprogrammedbput they have to be adaptedo andtestedwith MSG data. This stepis on the
onehanda puretechnicaltaskon the otherhand,importantparametersf the schemehave to be
testedand”tuned” aswell. Additionally the optimalway for the treatmentof cloudshasto be
appointede.g.section2.3.2). The performingof thesestepsds just possiblewhenreliableMSG
dataareavailable,which canbe expectedto bein spring/summeR003. Yet besidethe adaption
of theschemealsosomeconceptuathingshaveto bedeclaredn moredetail(e.g. section2.3.5).
For thatreasorwhy the currentstatusof theall sky schemas describedn section2.3,including
anoutlookaboutthenext stepsgespeciallythe stepghatwill beperformedwvhenreliabledataare
available. Afterwards,the usedcloudmoduleof theall sky working version(basedn Meteosat)
is describedn section2.4. In chapter3 and4 atechnicaldescriptionof theall sky schemewith
respecto theclearsky (chapter3) andthe cloudmodule(chapter) is provided.



Chapter 2

WP3000: The SOlar Irradiance Scheme,
SOLIS

2.1 Intr oduction

Geostationaryveathersatellitedik e the currentMeteosaprovide cloudinformationwith ahigh
spatialandtemporalresolution. Suchsatellitesare thereforenot only usefulfor weatherfore-
casting,but alsofor the estimationof solarirradiancesincethe knowledgeof thelight re ected
by cloudsis the basisfor the calculationof the transmittedight. Additionally an appropriate
knowledgeof atmospherigparametersnvolved in scatteringand absorptionof the sunlightis
necessaryor anaccuratecalculationof the solarirradiance.

Theoperationallyworking methoddHeliosat([Beyeretal., 1996,[Hammer 200J andHeliosat-
2 [Rigollier etal., 2001]usesstatisticalmethodsandsemi-empiricaformulasfor the calculation
of solarirradiance.They usecloudinformationfrom the currentMeteosasatelliteandaturbitidy
climatologyfor the calculationof the clearsky irradiance.
TheMeteosaSecondGeneratiorsatellitesMSG) will provide not only higherspatialandtem-
poral resolutionthan his predecessoieteosat put alsothe potentialfor the retrieval of atmo-
sphericparametersuchasozoneandwatervapour With satellitedike GOME/ATSR-2alsothe
retrieval of aerosolinformationis possible. This more detailedknowledgeaboutatmospheric
parameterallowsto setup a new calculationschemeéasedon radiatve transfermodels.

This new schemewill be basedon the integrateduse of a radiatve transfermodel, whereas
the informationof the atmospherigparametersetrieved from the MSG satellite(clouds,ozone,
watervapour)andfrom the GOME/ATSR-2satellites(aerosolspzone)will be usedasinputto
theRTM basedschemé:

Sofar, theworking versionof theclearsky scheméiasbeen nished anda concepfor thewhole
schemehasbeendeveloped. A all sky working versionhasalsobe performed but it hasto be
adaptedo MSG with respecto technicalreadandwrite processeandimprovedcloudmodules
hasto beimplementedWithin the next sectionghe designandthe mainconceptof thescheme
aredescribedaswell asthe scienti ¢ work behind. Thetechnicaldetailsof theall sky working
versionaredocumentedn chapter3 and4.

LIn thenearfuturetheinformationfrom GOME/ATSR-2will bereplacedoy SCIAMACHY/AATSR



2.2 WP3010: The clear sky module
2.2.1 Intr oduction

Theclearsky schemalescribedelow is characterisely anew approachsofar notusedin ary
of the existing solarirradianceschemesThereforea moredetaileddescriptionof the’concept”
is provided in the following sections. A more technicaldescriptionof the clear sky working
versionis providedin theappendixseesection3).

2.2.2 The newclear-sky module

MSGwill scantheearthatmospherén avery high spatialresolution(seetable2.1),e.gapprox-
imately 2.5 million pixelshave to be processeavery 15 min. for Europe. Thusthe computing
time necessaryo calculatethe solarirradiancefor eachpixel hasto be very smallto make an
operationalusageof the solarirradianceschemepossible.One possibility to managethe com-
puting time problem,with respecto RTM applicationsjs the useof look-uptablesto consider
the effect of atmospherigarametersn the solarirradiance. Insteadof doing this a new more
powerful andmore e xible method- the integrateduseof RTM within the schemebasedon a
modi ed Lambert-Beerelation—will be appliedwithin the HELIOSAT-3 project.
Theintegrationof RTM into the calculationschemesnsteadf usingjust pre-calculatedbok-up
tables,is only possibleif the necessargomputingtime canbe decrease@normously For this
purposea tricky functionaltreatmenif the diurnal solarirradiancevariationhasto be applied.
Thusmakinganappropriateoperationalseof a RTM within the calculationschemegpossible.
Thebasis(or startingpoint) of theintegrateduseis the assumptiorthatdaily valuesof the clear
sky atmospherigarametersn a spatialresolutionof 100x100km or 50x50km are sufcient.
This assumptions reasonabldor solarenepgy applicationsin consideratiorof accurag and
operationalpracticalityandis not linked with restrictionsof the modelbecausef the reasons
listedbelow.

Principle restrictionsin the art of retrieval limits the available input with respectto the
temporalandspatialresolutionof the atmosphericlearsky parametersk.g. theretrieval

of aerosoldrom satelliteis handicappetby the smallaerosore ectanceandthe perturba-
tion of the weaksignalby cloudsandsurfacere ection. For thatreasonsetrieval of daily

valuesin 100x100km resolutionwith a”global” coveragein anappropriateaccurayg is a
taskfor thefarfuture.

Theresolutionis in consistencavith thecompilationof datarequirements

Thetemporaldaily uctuationsof solarirradiancearein generaddominatedoy the uctua-
tionsof cloudsandthecloudinformationis usedin its hightemporalandspatialresolution
(MSG pixel resolution).

The usageof the modi ed Lambert-Beerfunction, describedater on, shouldenablethe
correctionof derivationsfrom the daily averageof the clearsky irradiancein aneasyand

fastmanner
| parameter | METEOSAT | MSG |
spatialresolution(subsat.point) 2.5km 1km
temporalresolution 30min 15min
spectrakthannels 3 12

Table2.1: Improvementsn METEOSA resolution



Sincedaily valuesof theatmospheriparameter§ ,aerosolsyvithin aregion of 100x100
km (50x50km)canbeassumedo besufcient, thediurnalvariationof thesolarirradiances just
dependenbnthe SolarZenithAngle (SZA, ). TheRTM calculateghediurnalvariationof the
solarirradiancefor eachregion usingthe atmospheriparameterasinput. The cloudeffectand
hencethetemporal uctuation of thediurnal clearsky irradiancecausedy cloudsis considered
for eachpixel without the "need” for an explicit useof a RTM (for a moredetaileddescription
seesection2.3). As aconsequenceot every pixel hasto be processedvith theradiatve transfer
model.With themodi ed Lambert-Beefunction,describedn detailin section2.2.3,thediurnal
variation of the clear sky irradiancecan be matchedvery well. As a consequenc¢éhe RTM
calculationmecessaryo de ne the diurnal variationof the clearsky irradiancecanbe reduced
enormously Usingthe modi ed Lambert-Beefunctiononly 2 RTM calculationsarenecessary
to de ne thecompletediurnalvariationof the clearsky irradiancefor a givenatmospheristate.
As a consequencdndependentf a pixel is cloudy or not, 2 RTM calculationare enoughto
calculatethe solarirradiancefor the whole (e.g. 100x100km) region, whereit is importantto
note that the cloud informationis usedfor eachpixel in the high spatialand temporalMSG
resolution.How the couplingof the clearschemewith the cloudysky schemewill be performed
is describedn detailin section2.3. In gure 2.1the spatialandtemporallinkage betweenthe
clearsky andthecloudysky moduleis illustrated.
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Figure2.1: Diagramof the spatialandtempoal linkage betweerclearsky andcloudinformation.

2.2.3 The modi ed Lambert-Beer function

The describedmodi ed Lambert-Beemrelation and their applicationwithin solar irradiance
schemess atotally new approachThefunctionandtheir applicationwithin thecodewasdevel-
opedwithin the HELIOSAT-3 projectatthe University of Oldenturg.

Dir ectirradiance

The Lambert-Beerelationis givenby

(2.1)
where is theopticaldepth
Consideringpathprolongationandprojectionto the earthsurfaceleadsto.

N (2.2)



This formuladescribeghe behaiour of the directmonochromaticadiationin the atmosphere,
henceaneffective opticaldepth canbeestimatedor all SZA( ).

(2.3)

Using equation(2.3)for =0leadsto . If we aredealingwith monochromatic radiation
then isconstanthence equals for all SZA.
If wearedealingwith wavelengthbands is notconstantbut changesmoothlywith increasing

SZA. is thenjust the effective optical depthat =0, The reasonfor thatis the non-linear
natureof the exponentiafunction.
Hencea correctionof the optical depth , or equvalentto this, of the parameter—— is
necessary

_ (2.4)

Using this function the calculateddirect radiationcanbe reproducedrery well (seeFig. 2.4).
TheModi ed-Lambert-Beer(MLB) parametenris calculatedbasedontwo RTM calculations.

Global irradiance

As explainedabove a correctionof formula2.2is necessaryor directradiationif theformulais
appliedto wavelengthbandshencaeit is necessarjor globalradiationtoo. Butin additionto the
wavelengthbandeffect the Lambert-Beetaw is nolonger”valid” for monochromaticadiation
dueto the effect of scatteredphotonsthat are"coming back”. This effect is mainly described
(consideredby the usageof the effective opticaldepth . As aconsequenceysingtheeffective
optical depththe Lambert-Beelis still a (relatve) good approximationfor "monochromatic”
global radiation. But dueto e.g. the atmospheriovertical inhomogeneitythe changein the
amountof photonscomingbackdueto changesn SZA is not describedy in detalil.
Hencea correctionof formula 2.2 is necessargvenfor monochromatiégncomingradiation,in
ordertoyield abettermatchbetweerRTM calculatecandfunctionvalueg(seefor example gure
2.2). Sincethe Lambert-Beerrelation, usingthe effective optical depth , is still a (relative)
goodapproximationf theincomingradiationis monochromaticit is not so surprisingthat for
wavelengthbandsthe function

S (2.5)

is (similarto thedirectradiationcase)alsoagood” tting” functionfor globalradiation(seeFig.
2.4).

Diffuse irradiance

The Lambert-Beerrelationdescribeghe attenuatiorof the incomingradiation. The incoming
diffuseradiationat thetop of the atmospherés negligible. The sourceof the diffuseradiationis
the attenuatiorof the directradiationdueto scatteringprocessesHencethe Lambert-Beetaw
is relatedto theirradianceof diffuseradiationbut doesnot describeheirradianceof diffusera-
diation,sincediffuseradiationcannotbedescribedn termsof attenuatiorof incomingradiation
(seeFig. 2.3). However tting with the modi ed Lambert-Beerelationworks very well (see
Fig. 2.4). Sincethe scalingwith cos(x)is not appropriatdor diffuseradiationit is skippedand
equation(2.6)is usedfor tting.

S (2.6)
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Generalremarks

The usageof the modi ed LamberBeer function is physically motivated,but it is actually a
"tting” function. This is especiallyobvious for the caseof diffuseradiation. In principle it
is possibleto t the RTM calculationswith arny appropriatefunction for examplea modi ed
polynomialof third degree (seeFig. 2.5). Hencethe big advantage
of themodi ed Lambert-Beefunctionis notthefeasibilityto t the RTM calculationsput that
it is possibleto yield a very good matchbetweentted and calculatedvaluesby usingonly 2
SZA calculations.This is possiblesincethe changeof theirradiancewith SZA is relatedto the
LamberBeerlaw, henceusingthe modi ed Lambert-Beerelation’the degreesof freedomcan
bereduced”.More overthe parametecanbe calculatedvithout theneedfor anumerical t.

The function wastestedfor mary differentatmospherictatese.gfour differentaerosoltypes,
four differentvisibilities (5, 10, 23,50), differentwateramountsdifferentstandarcatmospheres.
Additionally it wastestedthatthe t alsoworksif anothefRTM model(insteadof libradtran)is
usedfor the RTM calculations. Thereare no reasongo assumehat thereexist a atmospheric
statefor thatthe t doesnotwork verywell. Henceit canbeassumedhatthe t worksverywell
for all atmospherictates.

For our purposethe senseof a appropriatetting functionis to save calculationtime without
losing”signi cant” accurag. Thequestionf a tting functionis usablefor thatpurposedepends
onthedifferencebetweerthe tted valuesandthe RTM calculatedvalues(which arevery small,
lessthan8W/m below a SZA of 85Deg.).

At low visibilities (high optical depth,high aerosolload) hasto be enhancedor globaland
diffuseradiation.For thatpurposea generaformulahasbeendeveloped.

2.2.4 Improvementslink ed with the describedclear sky module

Modi ed Lambert-Beerelationenableghe integrateduseof RTM within the clearsky
moduleof theschemeTheintegrateduseof RTM is linkedwith high e xibility relatingto
theinput of theatmospheristate changesn theoryandthe desirableoutputparameters.
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Figure2.4: ComparisorbetweerRTMcalculationsand t usingthemodi ed Lambert-Beerelation,for
differentatmosphericstates

Spectralinformation is automaticallyprovided, using the correlated-koption provided
within the RTM libRadtranpackage(http://www.libradtran.og/). Usageof RTM is ex-
pectedo improve theinformationof theangulardistribution of diffuseirradiance.

Consistentalculationof global,directanddiffuseradiationfor clearsky casesvithin one
singleschemeonsideringlifferentaerosotypesandnotonly turbidity. Henceaimproved
estimationof the relation betweendiffuse and direct radiationis possible especiallyfor

clearsky situations.The separatediseof H20 andaerosolgnsteadof turbidity is a need
for accuratanformationof the spectraldistribution of irradiance.

It seemgthat deviations of the atmosphericstatefrom the average( , aerosols)
caneasilybe correctedwith themodi ed Lambert-Beetaw. A correctionof the effective

optical depth , whereaghe a,b,cparameteremainunchangedleadsto a goodmatch

betweerRTM calculatecandfunctionvaluesfor H20. For aerosolsimilartestshave to be

performed.

2.3 WP3020: The cloudy sky module
2.3.1 Overview about the conceptsof the cloudy sky modules

An operationalusageof a RTM for the treatmentof heterogenouslouds(whetherdirectly or
via the usageof pre-calculatedook-up tables)is not possible. The limitations of 3-D cloud
modelling do not enablerealistic RTM calculationsof 3-D cloud problemsin an operational
manner Justcasestudiescanbe performedbecausehe necessarg-D cloud inputinformation
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Figure 2.5: Comparisonof the t usinga polyno-
mial of third degreeandthe RTM calculations

is not available operationally Hencewith respecto the useof a RTM the problemis the non-
availability of realisticspeci cationof heterogenousloudsfrom measurementsViSG will not
provide sufcient informationabout3-D cloudcharacteristicNo othersatelliteor measurement
setupprovidesthisinformationfor the neededemporalresolutionandspatialcoverage.
Besidetheseproblemsan explicit or integrateduseof RTM is not practicablesincethe needed
calculationtime of 3d-RTM modelsis too large for an operationabdaption.Evenhomogenous
cloudscannotbetreatedexplicitly in anoperationamannemwith aRTM (MSG pixel resolution).
As a consequencef the things mentionedabove, the integratedusageof the RTM within the
schemas relatedto the clearsky scheme.Consideringthe cloud effectstherearetwo options
thatwill beavailableto the user seedescriptiorbelow.

Using n-k relation Within this optionthe effect of cloudsonthesolarirradiances considered
by usingthe relationbetweencloud index n andclearsky index k (n-k relation). This relation
wasempirically found within previous studiesandis describedn detailin [Beyeretal., 1994
and[Beyeretal.,2003. It is usedin the MeteosathasedHeliosatmethod. The n-k relationis
robustandvalidated.It leadsto relatve smallRoot Mean SquareDeviations(RMSD) between
measuredand calculatedsolarirradiancefor daily and monthly means. Neverthelessan im-
provementof the n-k relationusingphysicallyretrieved cloud parameterss in preparation.For
this purposestudieshave beenperformedin orderto investigatethe questionif the n-k relation
canbe improved by using the enhancecdtloud information retrieved from MSG (cloud mask,
COD, effective radii). Additionally, the effect of broken cloudshave beeninvestigatedn order
to studythe effect on the globalirradiance.Besidethe describedhim — to improve the n-k rela-
tion — suchstudiesimprove the understandingf the interactionbetweencloud parametersik e
cloud heightandLWP 2 or the effect of broken cloudson the calculatedrradiances Therefore,
they supportthedevelopmenif the COD basedschemebrie y describedn thenext paragraph.
For the nal versionof the solarirradianceschemehe usageof the n-k relationis plannedn a
way thatthe correctiondasedn additionalcloud parametergk e COD canbe switchedon (hy-
brid) or switchedof (puren-k). Thereasorfor thisis thattheretrieval of cloudopticalproperties
like COD andcloud fraction needsa large amountof computingtime, while the calculationof
thecloudindex is very fast.In orderto offer the usershigh e xibility with respecto theneeded

2LWP andCOD canbe usedalternatvely to describecloudeffects

11
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computingpower andaccurag bothwayswill be offered.

Using COD basedcode Basedon the information of the cloud optical depth (COD) which
will be(is) retrievedoperationallywith theDLR software,thedirectirradiancecanbecalculated
usingformula2.7

S 2.7)

where isthesolarzenithangle,COD standdor the cloudopticaldepthretrievedwith the DLR
software, | is the direct surfaceirradianceand the clearsky irradiancecalculatedwith
thedescribedtlearsky module.Within this formulacloudsareassumedo be homogenous.
Thecurrentideafor the calculationof theglobalirradiances basednthede nition of aneffec-
tive cloud opticaldepthappliedto globalirradianceGCOD. This GCODis de ned by equation
2.7 for globalirradiance. This meansthat the GCOD is the quantity that leadsto the relation
betweerthe globalsolarirradianceandglobal clearsky irradiancein the sameway asequation
2.7.

S (2.8)

This de nition of GCOD posethe problemto nd the correctGCOD in dependencef COD
retrieved from the MSG satellitedata. Calculatingthe direct and global irradiance rst, the
diffuseirradiancecanbe determinedy subtractinghe globalfrom the directirradiance.
Figure2.7illustratesthe new schemendtheintegrateduseof thethe RTM within the clearsky
scheme.
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2.3.2 Status: Correctionsof n-k relation usingretrieved cloud parameter

The proposedcorrectionsare basedon several studiesperformedby UIB andaredocumented
in the working papersavailableat http://wwwheliosat3.de/documentsA brief overview about
this studiess alsodocumentedh themid-termreport. The nal applicationandimplementation
of the possible correctionworked outin this studiess just possibleafterthe rst reliable
MSG dataareavailableaswell asthe selectionof the bestway to correct orthe relation
respectrely. Suchdatawasnot availablesofar, but canbe expectedor late spring.Below alist
of "possible” improvementsof n-k schemeusingretrieved cloud parameterérom WP2020are
described Afterwardsthe ongoingstepsafteravailability of MSG datais described.

1 CLOUD HEIGHT:

the cloud-heightseemdo affectthere ectivity (cloudindex) but notthe globalradiation.
Hence the cloudheightshouldbetakeninto accounty correctingthe cloudindex with it.
This would be morephysicalcorrectthancorrectingthe n-k-relationship.Sucha physical
approachwould easefurther corrections.Both modelsandempirical studyindicatesthat
thecloudindex is too highwhencloudsarehigh, andvice versa.Quantitatvely how much
n shouldbe loweredfor eachmeter(or hPa) of heightcanonly be determinedvhendata
is availablefrom MSG (processedhy MSG Scenes-Softare) A correctedcloud index
mightbesomethindikee:

(2.9)

where isthecloudheightin metersor hPaand there ectivity, and is aparameteto
betunedto measurements

2 CLOUD OPTICAL DEPTH(COD):

The COD is todaymoreor lessincorporatedn the traditionalcloudindex (togetherwith

cloudfraction). However, afteracloudis fully covering,thickeningof acloudwill eventu-
ally notincreasehere ection (cloudindex), while it will becomedarker underthe cloud,
dueto increase@bsorptiorwithin thecloud. Thereforet would be physicallymostmean-
ingful to includethe COD asa parameteim thek-n regression.In this case only for high

cloudindex (thick andcovering cloud) would the COD vyield extra informationwhich is

not alreadyincorporatedn the cloudindex. This correctionshouldonly be appliedwhen
the parametecloudfractionis 1.

3 CLOUD FRACTION:

Thecloudindex is shovn to correlatewell with groundbasedestimate®f cloudcover. An
ideawould beto replacethe cloudindex by cloudfraction(andcloudopticaldepth)in the
scheme Thiswould meanthatthe additionalchannelf MSG arebeingutilized to avoid
someof the problemsrelatedto the presentloudindex:

— normalisingre ectivity by extraterrestrialradiationis unphysicalwhenthe re ect-
ing sourceis lower in the lower atmospheréclouds/ground)packscattefrom the
atmospherdasto beaccountedor. A questionis if the correctecbackscattealsois
representetly thecloudindex (inconsisteng ?).

— atime seriess neededo calculatethe cloudindex
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— re ection (n) is not isotropic, giving biasesdependingon the sun-satellite-ground
geometry Additionally the cloud index dependson cloud height. Any correction
to this is only relatedto whatthe satellitereceves,andnot to the physicsaffecting
globalradiation.

4 GROUND REFLECTIVITY:

Dueto shadavs, the groundalbedois varyingwith the sun-ground-satellitangles.Inves-
tigation of Meteosat-re ectvities shows that this effect canbe parameteriseth a simple
way, so that a scalaralbedocan be determined,and the directionalre ectancecan be
foundby this parameteandoneor moreof thethreeangles.In asimilarwaythere ection
from cloudscanbe parameterisetb relatethe directionalradianceo the propertiesf the
clouds. The parameterisationf theseeffectswill be further studiedby usingdatafrom
Meteosat.

Ongoing of work

After the rst datasetf reliableMSG datais available,work will continueasfollows.
The rst stepwould be to gathergroundmeasurement®r a numberof stations. For eachof
thesestationsthefollowing parametersvill be collectedto form a dataset:

time (date,month,year hour)

sun-ground-satellit@ngles(solar elevation, satellite elevation, co-scatteringangle, az-
imuthangle)

measuredjlobalradiation

raw satellitecountsfor broadband/IS channel+ 0.6umand0.8umchannels?)
CloudOptical Depth

cloudfraction

cloudheight

Sincemeasuredjlobal radiationis hourly averagesthe MSG-datawill be weightedtogetherto

matchthetime periodof thegroundmeasurements.

Thenext stepwould beto calculateacloudindex from thetime seriesof theraw satellitecounts.
Here the algorithmsfor backscattecorrection( ), calculationof groundalbedo( )

and calculationof cloud albedo( ) from previous Heliosat-\ersionswill used. Possible
improvementsare by the time of writing being investigatedby radiatve transfermodelsand

study of Meteosat-7data. Fromthe cloud index, a clearsky index will be calculatedwith the

"old” relationship.This relationships alsoa subjectto beimprovedin this process.

The third stepwill be to calculatethe clear sky radiationwith SOLIS. The measuredylobal

radiationwill be divided by this clearsky radiation,yielding a clearsky index to be compared
with theMSG-dervedclearsky index calculatedn steptwo (above).

The forth stepwill beto analysethe difference(RMSD andMBD) betweenthe measurednd
derived clearsky indexes. The differenceswill be analysedn light of the differentvaluesof

all the above mentionedparametersAny trendsof the MBD shouldbe investigatectlosely to

seeif ary of the algorithmsabove (step2 and3) could be modi ed to correctfor the obsered
trend. Herealsoimprovementsare hopedfor by including the newv parameterscloud height,
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Figure 2.8: Rrmsefor clearsky index versus
cloudindex with regression.Cloudindex is sum-
marisedto binswith a width of 0.1

Figure2.9: Amountof dataversusbinsof cloud
index.

cloudfractionandCOD. By repeatingstep2-4, hopefullythe algorithmswill corvergetowards
giving smallerdeviationsfrom the groundmeasurements.

2.3.3 Statusof cloud retrieval software

The MSG scenessoftware is running at the DLR and the University of Oldenturg. Hence
test datasetsof macrophysicakloud parameteiike cloud height and cloud fraction can be
derived within daysafter reliable MSG datawill be available. The COD retrieval within the
Apollo schemdgSaunderandKriebel, 1989 is basedon a methodfrom [Stephens1978 and
[Stephengtal., 1984 . The Apollo COD part for the retrieval of the cloud optical depthis
readybut a SEVIRI interface (neededfor MSG) hasto be implemented. In additionto the
Apollo schemea algorithmbasedon the Nakajima[NakajimaandKing, 19970 approachwill be
developedwithin the next month. This algorithm enableghe combinedretrieval of the cloud
microphysicaparametecloud opticaldepthandeffective radii.

2.3.4 Correctionof n-k for "br oken cloud effects”

Calculationswith the radiatve transfermodel SHDOM hasbeentheinitial point of someideas
for severalempiricalstudieswith the scopeto correctthecurrentn-k relationfor "brokencloud”
effects. The SHDOM studiesarebrie y describedn the mid-termreport. They indicatethat
subjectto speci c cloudsituationsa meanbiasin the calculatedsolarirradianceoccursfor mod-
erateviewing geometriesHenceif therewould beacorrelationbetweerthecloudindex andthe
speci c cloudsituationsin a statisticalmannerit shouldbe possibleto nd a”parameterisation”
or correctionformulain orderto improve the n-k relationfor moderateviewing geometriesln
orderto investigatethis empiricalstudieshasbeenperformed.A rst empiricalstudywasmade
usinggrounddataof Freilburg, Germary for May to August2001. This datawascomparedvith
thesatellitederveddata.In gure 2.8therelative root meansquareerror(rrmse)of the clearsly
index is plottedagainstthe cloudindex. The rrmseis givenfor n-binswith awidth of 0.1. The
gure illustratesthatthe Heliosatmethodunderestimatetheirradianceandthis underestimation
increasesvith increasingcloudindex.

Becausef lessdatafor and the empiricalstudyis limited to

Figure2.9 shavs theamountof datafor eachbin. A rst correctionwasmadewith thehelpofa
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very simpleregressiorasshovn in gure 2.8. Theregressions givenby
(2.10)

Using this function it is possibleto correctthe clearsly index. First the clearsly index k is
calculatedwith the currentn-k-relationandthencorrectedoy

(2.11)

Thecorrectioneadsto signi cant differencesn then-k-relationasshovnin gure 2.10and2.11.
The rrmsefor theirradiancewithout the correctionis 0.234andwith the correction0.215,also
therrmsefor theclearsly index decreasefom 0.337to 0.328.1n afurtherstudythis correction
hasbeenappliedto anotherdataset,leadingalsoto anreductionof the rrmse. Consequentlyit
couldbe expectedthatthis correctionleadsin generako areductionof therrmse,but this hasto
bechecledin moredetailwithin furtherempiricalstudies.

Yetit hasto bementionedhatthe currentlyperformedstudiesalsoindicatethatthe reductionof
therrmseis mainly dueto thereductionof therrmseof relative "few” outliers.As aconsequence
of thede nition of therrmsethis relative "few” outliershave ansigni cant effecton the overall
rrmse. Within this scopeit hasto be further investigatedf the rrmseis an appropriateerror
guantityfor theerroranalysis Anyway rst studiesndicateshatthevastmajority of theoutliers
have a high variability, wherebythe variability is de ned asthe standardleviation of the cloud
index of a meanpixel area(5x5 pixels). Using the rrmseasrelevant error quantityit seemso
reasonabléo performa division of the datapointsdependenbn the variability, having at least
two differentvariability classedor the datapoints. For the assignmenbf the datapointsto the
classesanappropriatehresholdhasto bede ned. After thatsimilar correctiondor the different
classesanbeperformedwith thegoalto getafurtherimprovedn-k relation.A similarapproach
hasbeentestedby C. Hoyer with promisingresults.

2.3.5 Current statusof COD basedcloud module

In orderto nd anefcient parametrisatioo calculateradiatve conditionsundercloudsusing
the cloud optical depth,sensitvity studieswere performedusing the radiatve transfermodel
SBDART. This new parametrisatiohasto befastenougho corvertall pixelsof animageof the
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Figure2.12: Varyingintensityat groundlevel undera cloudwith optical depthcompaedto theclear sky
intensityfor differentefiectivedropletradii

new satelliteMeteosaSecondseneation (MSG) within 15 minutes.It shouldbe moreaccurate
thanthe currentlyusedcloudindex methodaswell.

The modelrestrictsthe calculationsto plan-parallelhomogeneousloud layers,but allows the
investigationof their radiative propertiesat differentwavelengthspptical depthsandsizedistri-
butionsof waterdroplets. Furthermoretheir heightsandthicknessesrevariableanddifferent
illumination geometriesanbe considered. SBDART alsoprovidesstandardatmospheres.g.
mid-latitudewinter. Groundre ection is speci ed by type modelslik e vegetation,sand,and
snow but dealsonly with isotropiccases.

First of all, the dependencef irradianceat groundlevel on varying cloud optical depthwas
studiedby usingthe atmospherienodelfor mid-latitudewinter. The biggestdeviationsin inten-
sity werepointedout by comparingherelationshigfor differentdropletsizedistributionswithin
cloudsof differentheightanddepth.Thiswasdonefor differentsunzenithanglesgroundtypes,
andtwo wavelengthqstrongabsorbing 720 nm) andweakabsorbing550nm)).

Figure 2.12 gives an examplefor sucha comparison.Herethe effect of the size distribution,
describedvy the effective dropletradius  within a cloud betweenl km and2 km at 720nm,
is presentedn relationto the clearsky case.The environmentalsituationis givenby the sunin
thezenithanda groundmodelfor vegetation.

Collectingtheresultsoff thesesimulationsthe biggestdeviationsin intensityarisewith the sun
in the zenith,optical depthof 24 or the biggestrealized,andbetweerthe mostextremecasef
effective radii. Actually, the consequencef curvescorvergeswith increasingadius.

While the effect of cloud heightand depthis neglectablefor groundtypeswith low re ection
(vegetation,sand),they have to be keptin mind for strongre ecting surfaceslike snov. The
biggestdeviationsarerealizedin the latter casebetweerthin cloudswith the mostextremealti-
tudedifference.

As aresultof all simulationsa reducedsetof situationsand physicalpropertiesis found, for
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Figure 2.13: Wavelengthrange calculation (290-600nm) and classi cation accoding to the relation
betweenthe clear sky intensityand the intensity under cloudsfor three typesof ground and extreme
effectivedropletradii. Additionallyin thecaseof snowit is necessaryo distinguishbetweerextremecases
of cloudheights.Thesamesimulationfor an optical depthof 64 resemblegheidenti ed classi cation

which calculationsof the whole electromagnetispectrumare possible.Thetarget of suchsim-

ulationsis a classi cationof wavelengthrangeswithin which the numberof physicalproperties
theirradiationat groundlevel is sensibleto is probablyeven smaller Hereis to distinguishbe-

tweenthreeclasses:insensibleto any cloud property(l), systematicsensibilityto somecloud

propertieqll) andindividual sensibility(l11).

Figure2.13is anexamplefor sucha classi cationbetweer290 nm and600 nm. While a clas-
si cation for snov groundsseemto be very complicatedyvegetationand sandgroundsreveal a

muchsimplerbehaiour. Especiallybetweern320nm and550nm (classll) theirradiancedoes
not dependon a certaingroundtype but only on the effective dropletradius. Accordingto the

fact that this is not only the casefor an optical depthof 24, a parametrisatiorior all optical

depthsis possible.For this casethe surfaceirradiancedepend®nly on the cloud optical depth,
the effective dropletradiusandthe sunzenithanglebetweer320and550 nm.

Ongoingwork By usingtheradiatvetransfercodeSBDART, sensitvity studiesevealedthose
propertiesof cloudsthat dominatethe radiatve conditionsunderthem. With a reducedset of
physicalpropertiedor eachclassi edwavelengthregion (I+11) it is possibleto developafastand
still accuratgparametrisation.

Thenext stepwill beto generatesuchparametrisationfor the calculationof irradianceT hiswill
be doneonly for casesof low groundre ection, becauséhe situationabove snav seemso be
too complicatedandnot of high interest.For the low re ecting casesheightanddepthof clouds
arengglectableandthe optical depth,effective dropletradii and sunzenithanglesdescribeall
majorin uences.
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Altogetherwith the APOLLO [Stephenstal., 1984 software,developedandprovided by the
DLR whichgeneratethecloudopticaldepth,amajortaskof theHeliosat3 projectwill hopefully
be reachedsoonin thatway. With the adaptionof the Nakajimaschemeo MSG the effective
radiiwill beretrievedin additionto thecloudopticaldepth.With thatthelastmissinginformation
for accuratecalculationsde available.

2.4 Description of the current working version

Theworking versionconsistf two mainmodulestheclearsky moduleandthe modulefor the
consideratiorof clouds.The SOLIS clearsky modelis describedn section2.2

In theworking versionof thecloudmodulecloudsaretreatedusingthen-k relation,detailsof the
n-k methodaredocumentedn [Beyer etal., 2003]and[Beyeretal., 1994. Herea brief outline
of themethodis given.

The basicideaof the n-k methodis to dealwith atmospheriand cloud extinction separately
In a rst stepacloudindex, which is basedon the measuredadianceat the satellite,is derived
from METEOSAT imagery This stepusesthe fact that the planetaryalbedomeasuredy the
satelliteis proportionalto theamountof cloudinessAfter correctionof theeffect of atmospheric
backscatteringaind groundre ection describedn moredetail in [Beyeretal.,2003 the cloud
index canbederived. Thederivedcloudindex is thencorrelatedo the cloudtransmissiongle-
scribedwith theclearsky index , whichrelatesheactualgroundirradiance to theirradiance
of thecloudfreecase . Thisrelationshigs basically with minor modi cations
for and

(2.12)

Basedonthesoderivedclearsky index theglobalirradiancecanbe calculatedusing
(2.13)

whereby is provided by the SOLIS clearsky moduledescribedn section2.2.

In the previous Heliosatversionsthe diffuse componenbf the groundirradianceis calculated
usinga statisticalmodelof [Skartweit etal., 1998. The modelis basedon hourly valuesof the

globalirradiance It usegheclearnesindex , theelevationof thesunandanhourly variability

index  for the calculationof the diffusefraction. The directirradianceis thenbe derived by

subtractinghediffusecomponentrom theglobalirradiance.

Thehourlyvariabilityindex is calculatedrom theclearsky indicesof threeconsecutie hours.
If istheclearsky index of thehour in questionthen isde nedas:

(2.14)

In theall sky working versionof SOLISannew approacHhor the calculationof the diffuse/direct
irradiancehasbeenimplementedin orderto use- andbene t from - the enhancedaapabilities
of the SOLIS clearsky module,describedn 2.2.4.

Themainintentionbehindthenens modelis to usetheinformationof thedirectirradiancederived
within theclearsky modulefor the calculationof theall sky directanddiffusecomponentsAs a
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Figure 2.15: Comparisonbetweenthe measued
directirradiance(June2001)andthe t basedon
the new direct/difuse model. The direct irr adi-
anceis plotttedagainstthe clear sky index derived
from the ground basedmeasuements. The mea-
surementsare from the "F raunhoferInstitute for
SolarEnegy Systems”

[Skartveitetal., 1999 and the direct/difuse
model using equation2.15. The variability cor-
rection has beenswithcedoff. Hencefor the new
direct/difuse model just formula 2.15 has been
used. Thedirectirradianceis plottted againstthe
clear sky index, derivedwith the Heliosatmethod

consequencthediffuse/direcimodelis nolongerbasedntheglobalirradiancebut usesnstead

the direct clearsky irradiance. Additionally insteadof the clearnessndex the clearsky index
is usedto describethe effectsof cloudson the directclearsky irradiance.Iln contrastto current
Heliosatmethod,whereit is handledthe otherway round, the direct irradianceis calculated
rst. Thediffuseirradianceis thenderivedby subtractinghe directcomponentrom the global
irradiance.Thereasorfor thatis discussedateron.

In orderto calculatethedirectall sky irradianceformula2.15is used.

(2.15)

Within this formulathe effect of the cloudsis representedy clearsky index . It isimportantto
notethatthe cloudindex canbe usedinsteadaswell ( ). A is setto 0.38(the value
wheredirectirradiancevanishes) is "currently” setto 2.5. The chooseof this valuesis based
on comparisonbdetweerthe [Skartweit etal., 1998 diffusemodelandthe new approachaswell
ason brief comparisonsvith measurementddenceA,b shouldbeseenasnot nally x ed.Ina
secondstepavariability index (either2.14or thespatialstandartieviation of n) is usedto correct
for the cloudvariability. For thatstepthe variability model,describedn [Skartweit etal., 1993
hasbeenadaptedo the SOLISdirectcomponenapproach.

Figure2.14presents draftcomparisorbetweerthedirectirradiancebasedn formula2.15and
theirradiancebasedn the [Skartweit etal., 1998 model,wherebythe variability correctionhas
beenswithcedoff for thiscomparisonFigure2.15providescomparisorbetweermeasurements
of directirradiance(1h means)erformedfrom the "Fraunhoferinstitutefor SolarEnegy Sys-
tems”andthe directirradiancebasedon formula2.15. In orderto have enoughdatapointsthe
SZA regionwaschoserto be5 degree.This leadsto anadditionalscatteringof the datapoints.
The describedorocedurefor the calculationof the global, direct and diffuseirradianceis per
formednot only for the broadbandvavelengthregion but for eachwavelengthbandof the SO-
LIS clearsky model.Consequentlyheall sky working versionprovides,in extensionto previous
Heliosatmethodg(e.g. HeliosatandHeliosat-2),spectralresohedirradiances.Sincethe cloud
index is independenbn thewavelengthit canbeassumedhatfor surfaceswith smallalbedothe
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derived spectraldistribution shouldbe a goodapproximationo the real one, provided thatthe
clearsky atmospherigparametematcheghe reality well. For surfaceswith high re ection in
wavelengthregionswherelargeabsorptioroccurs(e.g. Watervapourbands)t hasto beexpected
thatthe calculatedrradiancehasto becorrecteddueto anincreaseof multiple scatteringoelon
the clouds,leadingto anincreaseof the effective optical depth. The magnitudeof this effectin
thedifferentwavelengthbandsandpossiblecorrectionhasto beandwill befurtherinvestigated
within the next months.

An adwantageof usingthe directirradianceas preliminary quantity is that macrophysicapa-
rameterscan easily be adaptedo improve the model, e.g cloud fraction in combinationwith
geometrycanbe usedto describethe amountof clearsky irradianceblocked by clouds. Espe-
cially planningof thermalpower plantswill bene t from improvementsn the accurag of the
calculatedirectirradiance.

It hasto bementionedhatthecloudmoduledescribedhereis justastartingpoint. Improvements
in thecalculationof the spectralistribution aswell asimprovementof thedirect/diffusemodel
will bealsoinvestigatedvithin WP3030andWP3040.

Ongoingwork whenreliableMSG dataareavailable

| Adaptionof thedescribedvorking versionto MSG data

I Implementatiorof the”best” correctionprocedures$or thecloudindex n or then-k relation
respectrely

[l Implementatiorof the COD basedptionfor thetreatmenbf clouds

IV Optimisationof theschemeandrealisationof themodularconcept/design.

2.5 Improvementslink ed with the describednew scheme

Modi ed Lambert-Beerelation enableshe integrateduseof RTM within the clearsky
moduleof theschemeTheintegrateduseof RTM is linkedwith high e xibility relatingto
theinput of theatmospheristate changesn theoryandthe desirableoutputparameters.

Spectralinformation is automaticallyprovided, using the correlated-koption provided
within the RTM libRadtranpackage(http://www.libradtran.og/). Usageof RTM is ex-
pectedo improve theinformationof the angulardistribution of diffuseirradiance.

Consistentcalculationsof global, direct and diffuse radiation(all sky situations)within
onesingleschemeconsideringdifferentaerosokypesandnot only turbidity. Additionally
anew directdiffusemodelhasbeenimplemented All in all aimprovedestimationof the
relationbetweerdiffuseanddirectradiationcouldbe expected.

An adwantageof usingthe directirradianceaspreliminaryquantityis thatmacrophysical
parametersaneasilybe adaptedo improve the model,e.gcloudfractionin combination
with geometrydescribeganbeusedo describeheamountof clearsky irradianceblocked
by clouds

Clear and easylinkage with cloudy sky schemepossible,whereasthe treatmentof the
heterogenousloud effectsis notrestricted.
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Chapter 3

Technicaldescription: Working version of
the SOLIS clear sky module

A working versionof the clearsky scheménasbeenperformedwithin the HELIOSAT-3 project.
With respectto the contents the working versionis describedn section2.2. Heretechnical
issuegelatedto the useof theworking versionareexplained.

3.1 Computer requirements

Required Hardware A modern(ordinary)PCis fastenoughto run the clearsky moduleop-
erationally

Operating system Thewaorking versionis designedor Linux or Unix operatingsystemsls-
ing a machinebasedon theseoperatingsystemss emphaticallyrecommended Runningthe
programunderthe Microsoft Windows operatingsystemis linked with a lot of problemsand
principlerestrictionsandis thereforenot recommendedyut possible.For the working version
no supportwill be suppliedfor computerrunningon the MS-Windows operatingsystem. The
CYGWIN softwareis necessarprerequisitghttp://sources.redhat.congfpwin) to getthework-
ing versionrunning. CYGWIN is aUNIX environmentfor Windows developedby RedHat.

3.2 Softwarerequirementsand installation basis

Usuallyneededstandardsoftware:

awk,bash,gcc,f77, andsomelibraries

All of this softwareis partof SUSELinux or DEBIAN Linux distribution. Every otherLinux
distribution shouldcontainthis softwareaswell. If partsof this software are missingon your
machine,which usually should not be the case,installing the software can be performedby
usingthe packagenanagerof the respectre distribution, (e.g SUSELinux — Yastcanbe used,
DEBIAN Linux —dselecitanbeused).

Additionally netcdfis necessaryor the usageof the working versionof the clearsky module.?
The netcdfsoftwareis provided within mostof the LINUX distributionsasRPM or DEB pack-
age,Installingis simpleby usingthe packagemanagenf therespectre distribution, (e.gSUSE
Linux, Yastcanbeusedto installnetcdfDEBIAN: dselecttanbeused).If the netcdfsoftwareis

For our purposesve have to usethe correlated-koption of libRadtran. In orderto usethis option the netcdf
softwareis necessaryo readthecrosssectioninformationof atmospherienolecules Principleusageof ASCII data
is possiblebut currentlynotimplemented.
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notprovidedwith your Linux distribution thereshouldbeno problemto nd aappropriattRPM
packageontheInternet.

With respecto UNIX basedsystemit hasto be expectedthat netcdfis not part of the standard
UNIX ervironment.Yetinformationabouttheinstallationof netcdfon UNIX is availableat:

http://www.unidata.ucaedu/packages/netcdf/indatmi
andmoredetailedinformationhow to install netcdfis availableat:

http://www.unidata.ucaedu/packages/netcdf/INSLL.html
Someprecompiledbinariesfor differentUnix basedperatingsystemsanbefoundat:

http://www.unidata.ucaedu/packages/netcdf/binaries.html

The working versioncontainsan integratedradiative transfermodel, called libRadtran. This

radiatve transfermodelneeddo beinstalledtoo, but it is "easy” to install libRadtran.However,

it is urgently recommendedo install netcdfbefore. libRadtran will thenautomaticallydetect
netcdfandwill proceedheinstallationincludingthe necessargtepsin orderto usenetcdf The
libRadtranpackagecanbedownloadedrom theof cial libRadtranweb-page.

http://www.libradtran.og

On this pagedetailedinstallationinstructionscanbe found. PleasenotelibRadtranis provided
underthe GNU publiclicense.

Theworking versioncannotbe run without the tools developedat the University of Oldenhurg.
Thistoolsarearchvedin atar le calledsolis-tools.tamndcanbedownloadedat:

http://www.heliosat3.de/intern/tools

3.3 Installation stepsfor Linux and Unix basedcomputers

1 Installthe netcdfsoftware,if necessargownloadthe softwarebefore.

2 DownloadandinstallthelibRadtranRTM packageFollow theinstructionprovidedwithin
thelibRadtranpackageor via the libRadtran home-pageAfter the successfuinstallation
alibRadtranmaindirectorywill beonyour machine.

3 Runsometestswith libRadtranin orderto checkif everythingworkswell.
4 Downloadthe le solis-tools.tarfrom:
http://www.heliosat3.de/intern/tools

Copy the le in thesub-directorytools” within thelibRadtranmaindirectory Gettingthe
tools preparedor the usagewithin the working versionis performedwith the following
command:

tar xvf solis-tools.tar

5 Testtheworking version.
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3.4 Running the clear sky module

Currentlythewholeclearsky moduleis operateddriven)with onecentralscript.

In the rst part of the script the necessarynput parametefor the radiatve transfermodel li-

bRadtrararede ned. Informationrelatingto the formatandthe de nition of this parametecan
be foundin the libRadtranuserguide. In principle the usercanleave or bettershouldleave all

parametersinchangedexceptparameterselatedto the atmospherignput (aerosols, and
ozone)aswell astheselectedvavelengthbands E.g. thefollowing lineshave to beadaptedvith

respecto the givenatmospheristateandthe desiredwvavelengthregion:

h20_mixing_ratio 3350 # H20 mixing ratio in the lowermost level

aerosol_season 1 # Summer season

aerosol_haze 4 # Aerosol type below 2km

aerosol_visibility 50.0 # Visibility,
or alternatively for the new
libRadtran version

aerosol_set tau 550 # Set the aerosol optical depth at
550 nm,other wavelengths are scaled
accordingly

ozone_column 300. # Scale ozone column to 300.0 DU

wvn 307 3001 # Wavelengths  considered

libRadtran providesdifferentformatoptionsfor thede nition of thesequantitiesge.gfor aerosols
theuseof Angstromcoefcients insteadof thede nition givenaboveis possible.

For the nal versionthe developmentof a GUI interfaceis aimedfor. Additionally aninterface
for the operationalnput of atmosphericdata(HDF format)will bedeveloped.

In thesecondartof thescripttheawktoolsarecalledup. Theseoolsperformthecalculationof
the effective optical depthandthe correctionparameter . With theseinformationthe modi ed
Lambert-Beerelationandtheravith thediurnalvariationof theclearsky irradiances completely
de ned. Within thescriptof theworking versionalsoplotsarepreparedhatcomparehediurnal
variationde ned by MLB with the explicit modelruns. Theplotsaresavedin a postscriptle.
Thede nition of theinputparameterss the rst step.After thatthewholemodelcanbeexecuted
simply by thecall:

kato.sh directory-name file-name

wheredirectory-namend le-name characterisethe outputdirectoryandthe output les, e.g.
kato.sh outdir  myfile

will safethe”output” les my le.inp, my le.out, my le-l.out, my le.psin the outdir directory
The les my le.outandmy le-l.out provide theresult(output)of themodelrun. my le.inp shavs
againtheinputde ned within theshellscript. Thisinput le of arespectrerunis savedtogether
with the output les in the outdir directoryto enablea bettercontrolling and archving of the
results.The le my le.psin theoutdir directoryis the postscriptle containingthediagrams

3.4.1 Output of the clear sky module

Theoutputof the clearsky modulearespectrakresolhedglobal,directanddiffuseirradianceon
the earthsurface. Thediffuse,directandglobalirradiancearesavedin the les endingwith *-
l.outand*.out (e.g.my le-l.out, my le.ouf). The*-l.out le providestheinformationof thesolar
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irradiancefor the differentwavelengthbands(spectralselectve solar radiationdata, radiation
datafor eachwavelengthband).The*.out le containghevaluesfor awholewavelengthregion
(broadbandadiationdata,integratedover several wavelengthbandse.g. 306-3001nm). The
irradiancegiven for the wavelengthbandsis the irradianceintegratedwithin the wavelength
band.

For the linkage betweenthe cloud module and the clear sky module the MLB-parameter
(the " tting” parameter) aresavedin the les *.t and*-l.t Theyarereadin by the cloud
module. The respectve call of the cloud module is performed within a script, seechapter 4
Thewavelengthregion canbe selectedy theuser(it hasnotto be 306-3001nm), in accordance
to thewavelengthbandsdescribedelow.

bands for the Kato et al.

k-technique

Wavelength
correlated

[1999]

1 band number
2 start wavelength
3 end wavelength

[um]

#
#
#
# Columns:
#
#
# [um]

1 2.401185e-01 2.724815e-01
2 2.724815e-01 2.834140e-01
3 2.834140e-01 3.068408e-01
4 3.068408e-01 3.277722e-01
5 3.277722e-01 3.625000e-01
6 3.625000e-01 4.075000e-01
7 4.075000e-01 4.520458e-01
8 4.520458e-01 5.176806e-01
9 5.176806e-01 5.400000e-01
10 5.400000e-01 5.495000e-01
11 5.495000e-01 5.666000e-01
12 5.666000e-01 6.050000e-01
13 6.050000e-01 6.250000e-01
14 6.250000e-01 6.667000e-01
15 6.667000e-01 6.841772e-01
16 6.841772e-01 7.044486e-01
17 7.044486e-01 7.426139%e-01
18 7.426139%e-01 7.914788e-01
19 7.914788e-01 8.444581e-01
20 8.444581e-01 8.889693e-01
21 8.889693e-01 9.749063e-01
22 9.749063e-01 1.045744e+00
23 1.045744e+00 1.194188e+00
24 1.194188e+00 1.515940e+00
25 1.515940e+00 1.613451e+00
26 1.613451e+00 1.964798e+00
27 1.964798e+00 2.153464e+00
28 2.153464e+00 2.275190e+00
29 2.275190e+00 3.001893e+00
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30 3.001893e+00 3.635417e+00
31 3.635417e+00 3.991003e+00
32 3.991003e+00 4.605654e+00

The format of the output*-l.out and*.out les is describedn detailin the libRadtranmanual.
Heretheformatof the*.out le is outlined.

Exampleof anoutput le:

1. 2. 3. 4. column: SZA, global,direct,diffuseirradiance

0.1 1012.30 554.93 457.37
10.0 993.32 540.49 452.82
20.0 937.01 498.10 438.91
30.0 845.17 430.45 414.72
40.0 721.38 342.71 378.67
50.0 570.97 242.35 328.62
60.0 403.03 140.62 262.41
70.0 232.97 54.22 178.75
80.0 87.60 5.94 81.67

The ouput format of the t les *.t and *-.t . A #is usedasanidenti er for thelines
containingthe MLB-parameter This identi er enableghe programto detectautomaticallythe
arraydimensionsvhich aredependenbn the numberof chosenwvavelengthbands.Behindthe
identi er #the MLB-parameteiarelistedin thefollowing manner
column 1: Identi er #
column2: correctedextraterresticalrradiance
Thefollowing columnscontainsthe parameteeffective optical depthandcorrectionparameter
a,b,cfor global,directanddiffuseclearsky irradiance.
column 3,4: global, (asin 2.5)
column 5,6: direct;
column 7,8: diffuss;

Example:

# 1766.9 -0.51 0.34 -0.75 0.48 -2.08 0.24

The outputformatfor the differentwavelengthbandsis the samebut containsoneline for each
wavelengthband.
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Chapter 4

Technicaldescription: Working version of
the SOLIS cloud module

4.1 Installation stepsfor Linux and Unix basedcomputers

The pre-conditionfor the installationof the cloud moduleis the successfulnstallationof the
clearsky module.

Necessarysteps Readthelicense le readme-licenséyou nd it on Heliosat3web pagedi-
rectory solis). If you accceptthe licenceyou are allowed to use SOLIS. Download the le
solis-cloud.tarfrom the Heliosatsener or requesfor acdrom.

Copy the le in yourlibradtrandirectory e.g/home/someone/liadtran-0.99

After thatunpackthe le usingthecommand

tar xvf solis-cloud.tar

If everythinghasworked correctyou should nd now adirectorycalledsolis. Within this direc-
tory therearesomesubdirectories.

Ic the source-codes in c

[c/FKT functions used within  the source code

/exe the executables (in older versions bin has been used
instead of exe) the central compilation script cenr_r

/0008 test data set of cloud index from august 2002,

based on 012 raw images (Eruope and more)

If the cloudmoduleis aimedfor runningon anon-LINUX machinewo numericalrecipescodes
hasto be compiled rst (the sameis trueif you useLinux on a machinewith AMD processor
duedifferentprocessoarchitectures).

cc -ansi -c nrutil.c
cc -ansi -c nrutil_b.c

leadingto the respectre object les, nrutil.o nrutil_b.o If the scriptccnrr locatedin the exe
directoryis usedtheobject les areautomaticallylinkedto therespectre "solis” executable.
Beforeusingccnr.r for compilationthe nameof a main (central)directoryhasto be checledin
thescriptcenrr. Thedefaultis

PATHC=$HOME/solis
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It mightby necessaryo changehis default,dependentnthechosemameof themaindirectory
andthemachine.
If possibleusefor all compilationghe gcc(Gnuc) compiler

Useof ccnr_r  Changefrom the maindirectory(e.g. solis) to the sub-directoryexe Thencall
ccnr_r followedby the nameof the codeyou lik e to compile,for our caseusethe command

cenr_r  nzirr-solis-vlxl

ccnrr compilesthe sourcecoden2irr-solis-vlx1.docatedin the sub-directoryc and putsthe
executablego the sub-directoryexe ,providedthatthe compilationwassuccessfully

Within thedirectoryexetheexecutablesanbe executedoy usingthescriptdescribedn thenext
section.

4.2 Running the cloud module

Currentlythewholeclearsky moduleis operateddriven)with onecentralscript(solis-cloud.sh
Within the script solis-cloud.shthe programn2irr-solis-v1x1lis called. In orderto executethis
programin a correctmannerthe necessarynput parametehasto be de ned beforerunningthe
script. Henceopenthe scriptsolis-cloud.sfandchangethe necessarparametein the program
call.

n2irr_solis-vix1l -i  /home/prelx222/richard/solis/O 008/ 02150 700. hel
-0 $1 I 230 -c 222 -h 2 -v 1 -b 0214 -e 0240

The charactemwith a minusin front tells the programwhich parametewill be providedto the
c-programthe numberor string afterwardsarethe parameteprovidedto the program.
Theoptionsandthe parameterare,respectely:

-i <imgagefile> . VIS input file  specifier
the directory has to be changed
insteadt of /homel/prelx222/richard/
you have to use the name of your
home directory.
the image has to be within the time

duration characterised with -b -e
Please use the absolute directory path,
.else the images will not read in

(hence do not use somthing like
..I..1s0lis/0008/02150700.hel) :
-0 <outputfile> . name provided via the solis-cloud call,
do not change $1
-l : line of pixel < 768
-C : column of pixel < 1280
these parameters are used to select
the location
-h . number of horizontal pixels  for region
-V . number of vertical pixels  for region
-h 2 and -v 1 result in 5*3 pixel mean
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of cloud index, recommended

-b . first day: example 0214 = vyear 2000 day 214
-e . last day : example 0240 = vyear 2000 day 240
-q : quiet mode, displays errors  only

-? . displays this help message

-t providing a value via t has currently no effect on
the turbidity, the map-value is used anyway.

Pleasealo nottake pixelsat the imageedges.the programis not save to it, whencalculatingthe
mean.Futureversionswill carefor it.

For the nal versionthe developmentof a GUI interfaceis aimedfor. Additionally aninterface
for the operationalinput of atmospheriadata (HDF format) will be developed. The linkage
betweerclearsky andcloudmodulewill be automated.

Thede nition of theinputparameterss the rst step.After thatthewholemodelcanbeexecuted
simply by thecall:

solis-cloud.sh directory-name file-name

wheredirectory-namend le-name characterisetheinputdirectoryandtheinput les contain-
ing themodi ed Lambert-Beeparameteraswell asthe pre x nameof the output le (ending
with .rad) e.g.:

solis-cloud.sh mydir myfile

will readin the”input” les myle.t, myle-l.t from the mydir directory Additionally it will
producetheoutput les my le.radandmy le-l.rad Theoutput le containghetime seriesof the
solarirradiancefor the speci edlocation(site).

Important theinput le containingthe MLB parametehasto exist elseanerroroccurs.

4.2.1 Output of the cloud module

The output les will endwith *.rad, whereaghe pre x is provided within the solis-cloudcall,
e.g.

solis-cloud.sh mydir myfile

providesthe output le my le.radandmy le-l.rad in the directorsmydir. The le with thelabel
-| containghewavelengthresolveddata,the otheronethe wavelengthintegrateddata.

The output-formatandcontentsof the output le e.g my le.out, containingthe wavelengthinte-
grateddataare.

DQY, GMT, cos(zen)G(clearsk), image(y/n)n(1Pix),n(morePix) stdes(n(morePix) G(global),
G(direct),GH(global), GH(diffuse),GH(clearsk)

DOY=day of year
GMT=Greenwich Mean Time (UT)

cos(zen)=cosine of the solar zenith angle
G(clearsky)= global clear sky irradiance, SOLIS model value
image(y/n)= image flag, image present 1, no image O
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n(1Pix)=cloud index of the central pixel (above the chosen site
(lat,lon))
n(morePix)=  mean cloud index of the 3x5 or 5x5 pixels
(depends on the settings of -h and -v, eg -h2 -v 2
-> mean of 5x5 pixels)
stdev(n(morePix)=standard deviation of n(morePix).
n(morePix)-> mean value of cloud index
stdev(n(morePix)-> "variation"
G(global),G(direct)= SOLIS global and direct irradiance
respectively, for the given cloud
situation.
GH(global),GH(diffuse)= Heliosat global and diffuse irradiance
respectively, for the given cloud situation.
Current Heliosat  version, diffuse model
based on Skartveit et al 1998
GH(clearsky) = clearsky irradiance derived with the
turbidity based clear sky model

The GH valuesareoptional.

Thewavelengthresoheddata(e.g.output le my le-l.rad) is providedin theformat.

DOY, GMT, cos(zen)G(clearsk), image(y/n) n(1Pix),n(morePix) stdev(n(morePix) G (global),
G (direct),G (global),G (direct),....,G (global),G (direct).

i=1,2,...,nlabelsthe respectre wavelengthbandand is the amountof the wavelengthbands,
hereby

4.3 Outlook: The modular conceptof the scheme

Theintegrateduseof the RTM within the clearsky moduletogethemith automaticallyprovided
spectralinformation are an optimal basisfor a modulardesignof the scheme( nal version).
Sincedifferentapplicationsvary with respecto the necessarynput andoutputinformationin-
cludingdifferentwavelengthregions,a modularconcepts linkedwith a lot of advantagesThe
currentway of runningthe clearsky moduleis brie y describedn sections3.4. For the nal
versionaninterfacefor the operationalnput of the atmosphericatawill be developed.An ob-
jectorientedprogrammindanguagdik e C++is well suitedto developsuchaninterface.Further
detailsconcerningthe interfacebetweenthe C++ basedframefor the solarirradiancescheme
andtheatmospheridatahasbeendiscussedatthetechnicalworkshop performedon December
the11th 2002.
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