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Chapter 1

Intr oduction

In the context of a safeandervironment-friendlyenegy supplyrenavableenegy systemswill
be the enegy sourceof the future. Wind enegy hasbecomean importantenegy sourcein
Europe(e.g. 15 % in Denmark)with animpressve expansionrate. The usageof solarenegy
will experiencean enormousincreasewithin the next 10 yearsaswell. For the optimal and
efficient useof solarenegy andits integrationinto the electricity grid, accuratesolarirradiance
datain a high spatialandtemporalresolutionare necessatySolarirradianceschemegprovide
thesedatabasedn weathersatellitessuchasMeteosabr MSG.

1.1 Objectivesof the project

A successfulntegrationof solarenepgy technologiesnto the existing enegy structurehighly

dependsn a detailedknowledgeof the solarresource. HELIOSAT-3 will supplyhigh quality

solarradiationdatagainedfrom the exploitation of existing Earthobsenationtechnologiesand

will take advantageof theenhancedapabilitiesof the nev MeteosatlSecondseneratioflMSG)

meteorologicasatellites. Theexpectedquality representa substantiaimprovementwith respect
to theavailablemethodsandwill bettermatchthe needsof the usersof theresultingproducts.

In particular HELIOSAT-3 will provide

e solarirradiancedatawith high accurag andspacetimeesolutionnecessaryor solaren-
ergy applicationsplusalarge geographicatoverage

e additionalsolarenepgy specificdata(directandspectrairradiance angulardistribution of
diffuseirradiance spatialstructureof irradiance)accordingto the needof end-users

e informationon HELIOSAT-3 productsjts sustainabilityasa serviceandits potentialben-
efitsto end-users.

The objectvesof the HELIOSAT-3 projectwill be achiezed by the developmentandestablish-
mentof a new type of solarirradiancecalculationschemegseechapter3). This schemewill be
basedn satelliteretrievedatmosphericata(seechapter?)

1.2 Aim and structur e of the report

Thisreportprovidesanoverview of the sofar performedwork within the HELIOSAT-3 project.
The structureof this reportis relatedto the descriptionof projectwork which is partof the con-
tract. As aconsequenceverywork packagenasits own chapteror sectiondor the sub-packages
respectrely. A brief summaryof the work donewithin a work packageor sub-packagés de-
scribedin theintroductionof eachchapteror section.Subsequentha moredetaileddescription
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of the work andthe scientificdiscussionselatedto the work is provided. Furhtermorehe in-
troductionof eachchapteror sectionincludescommentdrom the co-ordinator In accordance
with the descriptionof work, up to now the mainwork hasbeenperformedwithin WP2000and
WP3000.Thereforethereportfocuseson the progresswithin thesework packagesTheseparts
of thereportprovide alsoexampledor thedataproduct WP2000)andthe calculatedsolarclear
sky irradiance(WP3010). Sincethefirst half of the projectdealsmainly with the development
of the new solarirradianceschemescientificstudieshave beenanimportantpartsofar.
Section5.2lists anoverview of the projectstatusncludingthedeliverables.

1.2.1 Deliverablesdescribedwithin the mid-term progressreport

The mid-term progressreport containsthe descriptionof the deliverablesD6.1-D6.2 as well
asD8.1. This deliverablesare the working versionsof the retrieval schemesf atmospheric
parametergD6.1-D6.4) and the working versionfor the solarirradianceschemen clear sky
situations.Tablel.lliststheassociatedectionsdescribinghedeliverabled6.1-D6.4andD8.1.

DeliverableNo. Deliverabletitle describingsection
D6.1 Cloudprocessingchemeworking version 2.3
D6.2 Watervapourretrieval schemeyorking version 2.4
D6.3 Aerosolparameterisatioachemeyworking version 2.5
D6.4 Ozoneprocessingchemeworking version 2.6
D8.1 Softwarepackagdor solarsurfaceirradiance 3.2
retrieval, clearsky working version 6.1

Tablel.1: List of deliveablesand associatedgectionsontainingthe descriptionof theworking versions

Table5.1 providesallist of deliverablesandtheir currentstatuswith respecto thedelivery date.



Chapter 2

WP2000- Retrieval of atmospheric
parameters

2.1 Intr oduction

For the estimationof surfacesolarirradianceand specificsolar parametergrom MSG, using
physicalmodelsof radiative transfer the atmospheristatemustbe a known prerequisite Con-
sequentlyinformationaboutthe atmosphericstateneedto beretrievedfirst, sothey canbe used
within the new HELIOSAT-3 scheme.The DLR is engagedn providing the software for the
retrieval of the atmospherigparameter®r the atmospheriqparameteiitself (e.g. aerosolcli-
matology). The work within WP2000is currently performedwithin the time scheduleof the
work descriptionandfulfils the promisedaimsaswell asthe compilationof datarequirements.
Linkedwith the compilationof datarequirementsthe usersrequirement®n the solardataare
re-investigatedoy ARMINES/ENSMR for detailsseesection6.2

Thischapterstartswith adescriptiorof thecompilationof datarequirementsyhich hasbeenthe
thefirst stepin WP2000.Afterwardstheretrieval softwareof the atmospheriparameteaswell
asthe atmospheriadataproductsare described.Exampledatasetshave provided to the work
packagdeaderof WP3000- developmentof solarirradiancecalculationschemes! Working
versionsof theretrieval schemesreavailablefor the partneron request.

In orderto be preparedor a failure of the MSG launchthe DLR wasalsoengagedn looking
aheadfor possibleback-upsolutionsto the retrieval of atmospherigparameters.Since MSG
launchwassuccessfullynoneof this back-upsolutionshave to be applied.

ICurrently this exampledatasetsare not basedon MSG data, sincethe MSG launchwas later as originally
planned



2.2 WP2010: Compilation of data requirements
2.2.1 Compilation of the data requirements

In table 2.1, the compilationof datarequirementdor the new calculationscheme®f surface
solarirradianceis provided. The tabledescribeghe necessarnatmospherigarameterandthe
specifiedaccurag andresolutionof theseparametersn relationto the solarirradiancecases.
Afterwardsaccurag andresolutionof eachatmospherigarameters discussed.For the com-
pilation of datarequirementst hasbeenconsideredhat the desirabledataaccurag hasto be
consistentvith the stateof the artretrieval possibilities.

Case ;E;S'jible Requirements WP gst?;gsgsv?% accuracy/ resolution
i - Water vapor content: MSG-SEVIRI i
Clearsky direct -MODTRAN | ¢olums infrared channels < 15% © 50x50 km, daily
(pseudospherical) 2030 :
- vertical layers: MSG, MPEF product
- SBDART | lower, middle and “middle and uSper
(planparallel) upper tropospheric tropospheric humidity"
humidity
- libRadtran basing on data from :
- i 2050 | Pasing o < 5% : i
6s ?nz;);: ngcigtl[ﬁgﬁg ERS-2 / GOME and 0 ! 100 x 100 km, daily
’ ' SCIAMACHY i
(MSG) (< 10%)
- Aerosols optical depth |, | Climatology from ' seasonal
and Aerosols type/class: GOME / ATSR-2 + AOD ' X i
8 types, mixtures from SCIAMACHY / AATR | <0-1Abs.  spatial resolution
components based on retrieval ' see section 1.2.3
OPAC classification i
y MSG asgood
Clearsky diffus, global as posslblei
- MODTRAN | + Cloud optical depth . Lt spatial
Homogeneous clouds + eff. cloud droplet radius | 2020 MSG - SEVIRI. all<30% Seg\?lgrla i?(%? @
diffus —» global - SBDART o all channels using 1 Ip
> .| + liquid water path APOLLO scheme see 1.2.4 | resolution
libRadtran | + Cloud top temperature :
- SHDOM ; :
ken Clouds di (planparallely | + Cloudmask (land/ocean) Cloud detection with | as good ! temporal/spatial
Broken Clouds direct + Cloudtype 2020 A561 1O scheme | as possible ! SEVIR_I pixel
- SBDART classification 1 resolution
- SHDOM : ;
Broken Clouds diffus | _ + Cloud detection with | as good temporal/.Spatlal
+ direkt = global Monte Icewaterpath 2020 1t SEVIRI pixel
re global Carlo (Cirrus - Clouds) APOLLO scheme | as possible: resolution

Glossary:

APOLLO=extended AVHRR Processing scheme for Over Land, cLouds and Ocean
AVHRR=Advanced Very High Resolution Radiometer

ATSR-2=Along Track Scanning Radiometer

AATSR=Advanced ATRS

GOME=Gloabel Ozone Monitoring Experiment

MSG=Meteosat Second Generation

SCIAMACHY= SCanning Imaging Absorption SpectroMeter for Atmospheric CHAtographY
SEVIRI=Spinning Enhanced Visible and Infrared Imager

SHDOM, SBDART, 6s, Monte Carlo, Modtran= radiative transfer programs, a short description is provided in section 5.
RTM=Radiative Transfer Program

- = basic requirement for clear sky conditions

+ = additional requirement for cloudy conditions

Table2.1: Compilationof datarequirements



2.2.2 Remarksto the data requirements
O3, WP 2050

The effect of O3 on the solarirradiancein the VIS/NIR is comparabldow for moderatesolar
zenithangle(SZA) belov 80 degree.Beyonda wavelengthof 330nm anaccurag of 5 % leads
to aninsignificanterrorin the calculationof the solarirradiance(330-1100nm). But in the UV,
theeffectof Ozoneis veryimportant.

H20, WP 2030

Thedirecteffectof H,O onthebroadbandrradianceds low comparedo theinfluenceof aerosols
in clearsky situations. Model simulationsindicatethat the direct effect of errorsin the water
columns,within the limits of the provided accurag shouldbe in generallessthan 2-3 % for
the calculatedntegratedradiationenepy flux (calculatedsolarirradiance)n the VIS/NIR (330-
1100nm). But watervapourhasalsoin indirect effect on the radiancein the VIS, becauset
effectsthe sizedistribution of the hygroscopicaerosolsandhencethe optical propertiesof the
aerosols.More over, the effect of watervapouris very powerful in the so called watervapour
absorptiorbands.Hencethe effect of watervapouron the spectraldistribution of theirradiance
IS very important.

Aerosols,WP 2040

Aerosolsarethe dominantfactorregardingthe calculationof clearsky irradiance.The datare-
quirementfor the accurag of the Aerosol Optical Depth (AOD) is pointedout to be lessthan
0.1. Thespatialresolutionfor the GOME/ATSR-2climatologywill be 5x5 degrees.Thegiven
accurag andspatialresolutionis basedon a stateof the artretrieval procedureandis restricted
by the limitations of the satellitemeasurementsGOME hasa high spectralbut a rough spa-
tial resolution. The GOME/ATSR-2climatologyis a goodbasisin orderto yield a significant
improvementn the estimatedsolarirradiancewithin theassumedccurag.
Neverthelesspecausehe effect of aerosolds very importantfor the calculationof clear sky
irradiancea higheraccurag thanthatof 0.1andespeciallya higherspatialresolutionis desirable
from the viewpoint of the solarapplications.Thereforewithin this projecta higheraccurag of
AOD is aimedofor. In figure 2.1 the effect of theassumedkrrorin AOD (0.1) on thetransmitted
intensityis diagrammed.

A higher spatialresolutioncan be achiezed using SCIAMACHY/AATSR data, sincethe spa-
tial resolutionof SCIAMACHY is improved comparedo the GOME instrument. With SCIA-
MACHY/AATSRIt shouldbepossibleto enhanceheresolutionto approximatelyl 00x100km?.
Unfortunatelythe SCIAMACHY launchwasto lateto yield a completeclimatologyfrom SCIA-
MACHY/AATSR within the time spanof HELIOSAT-3 project (not enoughdata). But it is
possibleto yield a setof testdatafor selectedsitesto investigatethe improvementof clearsky
solarirradiancecalculationschemesisingaerosolparametersvith a higherresolutionthanthe
GOME/ATSR-2climatology

The possibilitiesof MSG/SEVIRI to derive appropriateinformation aboutthe aerosolsin the
atmospherevill beinvestigatedn addition.

Clouds, WP 2020

Theeffectof cloudsplay amajorrole in thecurrenterror(RMS) of the calculatednonthlymean
anddaily meanirradiancesWithin thespecifiedaccurag andresolutionof thecloudparameters,
it will be possibleto yield a significantimprovementin the estimationof solarirradiance. A
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relative error of 30% for cloud parameterseemsdo be very large. But in contraryto otherdata
this shouldbe given in MSG pixel resolution(15 min time-stepsand approx. 3 km x 3 km
horizontalresolutionin nadir). After averagingthe spatialand/ortemporaldomaina muchbetter
accuray is excepted.

Neverthelessheverylarge effectsof cloudson solarirradiancedemanda higheraccurag of the
cloud parametersTo achieve thisis aimedfor within this project.

1 T T T T
. 1=1(0)exp(AOD/cos(SZA)) SZA=0 =——

o
©
T

.

. SZA=60 ===
© SZA=Solar Zenith Angle

o

o
T
.

o
3
T
.
.

Transmittance
Intesity after passing the aerosol layer with AOD x
o o o o
w S 3 o
T T T
4
4
4
,
.
.
1

o

N
T
’

]

-~
-
~
~ ]

0.1 s
0.4 0.6 0.8 1
Aerosol Optical Depth - AOD

The intensity 1(0), prior to the aerosol layer, is assumed to be 1. The y-axis describes the
intensity after the light has passed the aerosol layer (=the transmittance, because 1(0)=1).
The x-axis is the Aerosol Optical Depth of the aerosol layer. The effect of the AOD on the
intensity is diagrammed for three different SZA. Below the effect of the assumed errors in
the AOD on the intensity is diagrammed as absolute value.

0.2
~ SZA=0 ——
015

SZA=60 ===

absolute deviation of Intensity due to errors in AOD

0.25 L L L L
0 0.2 0.4 0.6 0.8 1
Aerosol Optical Depth - AOD

Figure2.1: Effectof assumedcrror in AOD on theintensity



2.3 WP2020Cloud retrieval scheme
2.3.1 Intr oduction and overview

DLR was engagedn the adaptionand extensionof the cloud retrieval schemeAPOLLO to

MSG. The MSG-scenes-softarefor theretrieval of macrophysicatloud propertiedss available
from EUMETSAT for all HELIOSAT partnersandis alreadyrunningin a working versionat
DLR-DFD, DLR-IPA andUniversity of Oldenhurg. The scenes-softareis basedn the Apollo

retrieval schemedevelopedat the DLR. DLR andEHF hasperformedfirst testswith the MSG-
scenes-softare. APOLLO algorithmsarealsosuitablefor the retrieval of cloud microphysical
parametersuchasopticaldepth(LWP) andeffective radii from MSG-SEVIRIdata.To setupan
APOLLO- basedschemen aworking versionto dealwith SEVIRI-datais preparecandcanbe
finishedwithin afew workdaysafterthe detailedrequirement®f WP 3000areknown.

2.3.2 Description of the retrieval scheme

To provide cloud macro-andmicrophysicapropertiedik e coverageor opticalthicknessa com-
binationof threemainprocessingourcess ervisagedandunderdevelopment.Onesources the
utilisation of the MSG-Scenesoftware, which hasbeencommissionedy EUMETSAT andis
partof the EUMETSAT-MPEF (MeteorologicalProductGeneratiorfFacility) processowhereit
senestheproductpackage€LA (cloudanalysisiandCTH (cloudtop height). Anotherexisting
software, APOLLO, canalsobe usedto derive cloud productsfrom SEVIRI data. The third is
to further develop own software or collect free software from third parties,e.g. to derive the
cloudopticalthickness with variousexisting physicalschemegor comparisorandbettererror
estimation.

The MSG-scenes-softare is available from EUMETSAT for all HELIOSAT partnersand is
alreadyrunningin a working versionat DLR-DFD, DLR-IPA andUniversity of Oldenturg. Its
outputis a collectionof cloudparametersg.g.amountsemi-transparerydlag, cloudtop height
andtemperaturegloudtypeandphaseetc. togethemwith aquality-assurancdt doesnot provide
cloud optical depth. Becausemajor partsof the MSG-Scenesoftware work quite similar to
APOLLO, thesetwo packagesaneasilybe combined. Also post-processorfor the provision
of further microphysicalcloud propertiescanbe run on-follow MSG-Scene®r APOLLO or a
combinationof both.

The AVHRR ProcessingchemeDver cLoudsLandandOceanAPOLLO) wasthefirst AVHRR
dataprocessingschemeto make useof all five spectralchannelsduring daytime. It discretises
all AVHRR pixels into four differentgroupscalled cloud-free,fully cloudy, partially cloudy
andsnaw/ice, beforederving physicalpropertieg[SaunderandKriebel, 1989, [Gesell,1989,
[Kriebel andGesell,1989). Within APOLLO, cloudsarecateyorisednto threelayersaccording
to their top temperature The layer boundariesaresetto 700 hPaand400 hPa. The associated
temperaturearederivedfrom standarcatmosphered-urther eachfully cloudy pixelis checled
to seewhetherit is thick or thin cloud, dependingonits channel and5 temperatureand,dur-
ing daytime,its channell and2 reflectances.Thin cloudsaretaken asice clouds,i.e. cirrus,
whereaghick cloudsare treatedas water clouds. Cloud cover is derived for eachcloud type
separatelywhich is trivial for the fully cloudy andthe cloud-freepixels. Cloud cover of the
partially cloudy pixelsis derved from the reflectancesindthe temperaturesf their cloud-free
andcloudy parts.Thesequantitiesaretakenfrom the nearesfully cloudyandcloud-freepixels,
assuminghorizontalhomogeneity The cloud type of the partially cloudy pixelsis assignedo
the mostfrequentcloud typein a 50x50 pixels ervironment. In eachfully cloudy pixel, cloud

2opticalthicknesds a synorym for opticaldepth
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optical depth,liquid/ice waterpathandemissvity arederived during daytimeby meansof pa-
rameterisatiorschemedasedon thereflectancen channell. For watercloudsthe dependeng
of thecloudopticaldepthon thedirectionalhemisphericatloudtop reflectances usedandthen
liquid water pathandemissvity arerelatedto the optical depth. For ice cloudsthe schemds
differentbecausehey have higherreflectancahanwatercloudsfor the sameoptical thickness
[Kriebel andGesell,1989. Thedirectionalhemisphericatloudtop reflectances obtainedrom
the (measuredbpidirectionaltop of atmosphereeflectancdy applyingananisotroy correction,
correctiondueto ozoneabsorptiorandsubtractinghe surfacepartof thereflectanceransmitted
throughthe cloud (seealso[Kriebel andGesell,1989). Cloud top temperatures obtainedby
meansof a correctionfor the watervapourabove the cloud. Thesefour productscanalsobe ob-
tainedfor pixel groupsof variablesizeto generatéorizontalaveragevaluesthatarecompatible
with modelgrid values. An exampleof APOLLO cloud productshasbeenmadeaccessibldo
the HELIOSAT community Thefollowing images(Fig. 2.2) shav the colourcompositeandan
extract of the cloud/snav/ice-maskof the exampletogethermwith a colour scaleaslegend. The
APOLLO-dervedcloudpropertiedor thisexamplehave beendistributedasbinaryfiles together
with binaryinformationfiles which caneasilyberead.

APOLLO is originally designedo processAVHRR databut canalsobe appliedto otherdataas
longasthecollectingsensoprovideschannelsaccordingo thoseof the AVHRR. Thisis truefor
MODIS andSEVIRI andthereforethesedatacanbe treatedwith the APOLLO algorithmsand
schemesn aworking explorative version. The only prerequisiteéo usea visible red channeffor
derivationof acloudopticaldepthby theschemausedin APOLLO is thatthecompletechannels
responsenustbe belov 750 nm to assureghe absencef watervapourabsorptiorwhich is true
for theaccordingSEVIRI channel.To setupan APOLLO- basedschemen aworking versionto
dealwith SEVIRI-datais preparedandcanbe finishedwithin a few workdaysafterthe detailed
requirementef WP 3000areknown. WP 3000will work onthatduringthefirst monthsof 2003.
APOLLO is academicshare-vareandis freeto the HELIOSAT communityfor non-commercial
use.

The third opportunityto cometo microphysicalparameterselevant for enegy relatedprod-
uctsis to askthird partiesto usetheir existing software,e.g. groupsdealingwith cloud optical
thicknessdrom MODIS datain the EU CLOUDMAP?2 project. As DLR-DFD is alsopartnerin
CLOUDMAPZ2,therehasbeenfirst discussionso make theseadditionalalgorithmsavailableto
the HELIOSAT-3 community It dependon the further needsof the HELIOSAT3 partnersto
take this opportunityor not.
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Figure 2.2: lllustration of cloud mask. Left hand, colour composite right hand, extract of the
cloud/snow/ice-mask
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2.4 WP2030- Retrieval of water vapour
2.4.1 Intr oduction and Overview

Severalretrieval methodshave beenperformedandtestedby the DLR. All of themcanbe ap-

pliedto the MeteosatSecondGeneratio(MSG) satellite. Comparison®f the differentmethods
indicatedthat a modified methodaccordingto Kleespiesand McMillan methodis the bestone

for MSG. The developmentof the retrieval methodis basedon the TIGR3 dataset. For Europe
TOVS-ATOVS watervapourvaluessincel999areavailablefrom the DLR for testingthe clear
sky scheme.

2.4.2 Description of the work and retrieval schemesof WP2030

During thefirst 18 monthsof the HELIOSAT-3 projectthework on WP2030wasdividedmainly
in two tasks: datasetdelivery using existing dataand methoddevelopmentin preparatiorfor
MSG.

Total watervapourcolumn (TWC) testdatasetswere deliveredto WP 3010 "clear sky solar
irradiancecalculationscheme”as requested. The prepareddataare basedon measurements
from the TOVS (TIROS OperationalVertical Sounder)instrumenton the NOAA-14 satellite.
They wererecevedby DLR’s own antennaandreceving system.TOVS raw dataareanalysed
with the InternationalTOVS ProcessingPackage(ITPR [Junetal., 1994 and[Jun,1994), a
physicalretrieval schemeo derive atmosphericemperatureandwatervapourprofiles. Vertical
integrationof thewatervapourprofilesdeliversthe TWC values.

SinceNOAA is a polarorbiting satellitewith a swathwidth of about3000km, atotal European
coverages achievedtwice aday. The averagedistancebetweenwo retrievalsis approximately
80 km, the dataaredistributedirregularly in space. Therefore,an distanceweightinginterpo-
lation schemes applied. It deliversa EuropeanTWC productwith a spatialresolutionof 0.5
degrees. The quality of this dataproduct,in comparisorto the ECMWF (EuropeanCentreof
Middle RangeWeatherForecastingimodel, hasbeenmonitoredfor the whole year2000. The
comparisordeliversdifferencedrom 0.19(4.41 mm for Decembei2000)to 4.56 (5.75mm for
August2000). Thisfits therequireddataaccurag very well. An exampleof a delivereddataset
is givenin figure2.3.

The majortaskduringthefirst half of HELIOSAT-3 wasthe developmentof a retrieval scheme
for theMeteosatSecondGeneratiorBatellite(MSG). Sincethereareno MSG dataavailableyet,
extensve simulationstudieshadto be performed.

The Thermodynamidnitial GuessRetrieval (TIGR3, [CH EDIN etal., 1985]) datasewasused
to simulatetheatmosphereavith its possiblestateof temperatur@andhumidity distribution. The
TIGR3 datasetwas developedat the Laboratoirede MeteorologieDynamique(LMD, Paris)
especiallyfor the developmeniof retrieval methods It includesmorethan2300radiosondero-
filesfrom all overtheworld. Thespeciallyselectegrofilesrepresenthe maximumvariability of
the atmosphereThis meansthatespeciallyextremesituationsare alsocollectedin the TIGR3
dataset. It is not a climatological datasetwith only representatie meanvalues. For the de-
velopmentof robustandoperationaketrievalsit is very importantto have a simulationdataset
thatincludesall kinds of atmosphericsituationsas differentas possiblefrom eachother For
eachprofile temperaturehumidity and ozonemeasurementare given for 40 vertical pressure
levelsrangingfrom 1013to 0.05hPa. Furtherinformationarelatitude, longitudeandsurface
temperature.

For the developmentof the TWC algorithmmainly the temperatureandhumidity profileswere
used.Theglobalvariability of totalwatervapourcolumnin the TIGR3 datasets shovn in figure
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Figure2.3: Anexampleof H20 dataretrievedfromMODIS

2.4.
Thefollowing stepswereperformed:

a) TheTIGR3 humidity profileswereintegratedvertically to calculate’true” TWC

b) ForwardradiatvetransfercalculationfMODTRAN [BERK etal., 1999 ) wereperformed
with all TIGR3 temperaturendhumidity profilesto simulateMSG andMODIS satellite
measurements the10.8and12 channels

c) Retrieval algorithmswereappliedto thesesimulatedVISG radiancedo derve the TWC.

d) TWC columnderivedfrom thesesimulatedViISG radiancesverecomparedvith thevalues
calculateddirectly from the TIGR3 profiles.

Both,MSGandMODIS, weresimulatecandanalysediuringthealgorithmdevelopmentMODIS
(ModerateResolutionimaging Spektroradiometelis flown on the TERRA platformon a polar
orbit. Sincethe launchdatefor the MSG satellitewas uncertainfor a long time, the MODIS
instrumentwasanalysedasa possiblebackupsolution.
Threedifferent, so called "split window” retrieval algorithmswere tested. Thesemethods
were publishedby [ECK andHOLBEN, 1994 aswell as[KleespiesandMcMillin, 19970 and
[CHESTERSetal., 1987]
Eachof thesemethodsweretestedby the authorsin casestudieswith only a few scenes.This
studynow focusedon the applicability of thesemethodson a global dataset,includingall or at
leastasmary aspossibleof thearchvedextremeatmospherisituations.
The methodof [ECK andHOLBEN, 1994 is not applicableas a global retrieval method. It
turnedoutthatit requiredocally adaptedcempirically coeficients.
Theapproachof [CHESTERSetal., 1987 couldonly be appliedsuccessfullyonly to TWC val-
uesbelon 40 mm. As the TWC in the TIGR3 datasetrangesfrom 0 to 80 mm, the Chesters
methodseemso beinapplicableasanoperationaklgorithm.
Themethodof KleespiesandMcMillin [KleespiesandMcMillin, 1997 is a modificationof the
ChestersaapproacHCHESTERSetal., 1987. It usesthe split window channelsat 10.8and12

. In general,infrared measurementare affected by air temperaturesurfacetemperature,
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Figure2.5: Relationbetweemmeasued TWCandfunctional TWC.

surface emissvity, water vapourand absorptionof otheratmospheriggases. "Split window”
channelsareselectedloseto eachother sothatequalemissvity andabsorptionof othergases
thanwatervapourcanbe assumed.Surfacetemperatures the samefor both channelsasthis
parameteis not dependenbf the obsenerswavelength. This reduceshe dependencef mea-
surementsn thesechannelgo air temperatureand water vapourabsorption. For the Chesters
methoddifferentapproacheso describeair temperaturedirectly were tested,but all of them
neededocally adaptedcoeficients. The methodof KleespiesandMcMillan avoids this. Two
situationswith varyingsurfacetemperatureareselectecandtherefore fwo brightnessneasure-
mentsat onecanbe exploited. Having thesetwo equationsthe air temperaturelependencean
be eliminated. MSG offers the possibility to apply this approachbecauseat measuresvery 15
minutes. Thereforeit candeliver "tw o situationswith varying surfacetemperaturestiuringthe
diurnaltemperatureycle. Equation2.1 describeshe functionalrelationshipbetweerbrightness
temperature$T) andthetotal watercolumn(TWC).

N
N
N

S (2.1)

N

is the brightnesgemperaturen channelllor 12, isthesatellitezenithangle, aretwo
temporaldifferentsituationsand standgor transmission.
KleespiesandMcMillan [KleespiesandMcMillin, 1990 proposedalinearrelationshipbetween
transmissiorratio term and TWC. Testingwith the whole TIGR3 datasetshaved that a third

16



Figure 2.6: Comparisonbetweenmeasued TWC and TWC calculated with the methodbasedon
Kleespiesand McMillan.

order polynomial describeghe relationshipbetter Figure 2.5 shows the linear fit in green,a
quadraticfit in blue andthethird orderpolynomialin red. Assumablythereasongor this non-
linear behaiour are (a) non-ngjlectableabsorptionof otheratmospherigasesf TWC is very
smalland(b) saturatiorof absorptiorinesfor large TWC values.

Using this approach, TWC derived from simulatedMSG radianceswvere comparedwith the
"true” TWC calculateddirectly from the radio-soundingsFigure 2.6 shavs a goodagreement
with a biasanda standarddeviationof 1.16and 1.61mm. Thedifferencein surfacetem-
peraturevasdefinedto be 5K, surfaceemissvity wassetto aglobalaveragevalue0.975.

Up to now anideal satellitewithout ary measurementoisewasassumedMSG is specifiedto
have anradiometricerrorof 0.25K in the 10.8 channeland0.37K in the 12 channel.
Figure 2.7 shows the resultsif noisy measurementaretakeninto account.It turnedout thata
5K differencebetweerthe "tw o situationswith varying surfacetemperaturesis not a sufficient
differencein surfacetemperaturef noisy input datais assumed.The right part of figure 2.7
shows the samestudywith 10 K differencein surfacetemperature.The resultsare acceptable
with anagreemendf 4.5mm biasandastandarddervationof 3.7 mmfor arangein TWC
of 0- 80 mm.

Of coursetheassumptiorof equalsurfaceemissvity in bothchannelss not perfectlytrue. The
extremecaseof sandasanunderlyingwastested put the influenceof varyingemissvity (0.970
in the 10.8 channeland 0.9865in the 12 channel)on the retrieval accurag was not
significant.

A significantdependencen satellitezenithanglewasfound. Figure2.8 givesthe functionalre-
lationshipof equation2.1 extendedo thethird orderpolynomialfor severalviewing angles.The
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Figure2.7: Effectof noisysignalon retrievedwatervapourfor a 5 K (left) anda 10K (right) difference
in surfacetempeature

equationincludesonly a scalingwith the cosineof the zenithangleasairmassorrection.Espe-
cially for larger TWC valuesthis simpleairmasscorrectionis not suitableanymore. An explicit
calculationof airmasscorrectionin the infrared needsdetailedinformationaboutthe tempera-
ture profile of the atmosphereUnfortunately this will not be availablelaterin the operational
processingchemeThereforewe developeda parameterisatioachemeFigure2.8revealsthat
the changebetweenthe curvesis rathersmooth. Therefore the coeficients of the third order
polynomialcanbe parameterisedith sufficientaccurag usinga quadratidit (seefigure2.5).
To build up the working versionof the water vapouralgorithm the "Scenes”software pack-
agefor cloud parametersvas used. A module was addedwhich implementsthe modified
[CHESTERSetal., 1987] methodasgivenabove.

Furthertestswith the working versionwere not possible. Up to now we receved threediffer-
enttestdatasetswith simulatedMSG datafrom EUMETSAT. All of themaregeneratedrom
existing METEOSAT or GOESsatellitedatawithout further simulations.In two datasetssome
channelsarejust copiedto producea MSG datasetwith eleven”dif ferent” channels.Thethird
datasets basedon the countsfrom the oneMETEOSAT infraredchannelandonly the calibra-
tion coeficientsof thedifferentMSG channelsvereusedto derive all infraredchannelof MSG.
For the VIS MSG channeldhe sameapproachusingthe VIS METEOSAT channelwasapplied.
Thereforethe10.8and12 channelsn thesesimulateddatasetscontaina physicallyiden-
tical informationand cannotbe exploited quantitatvely. They arejust suitableto build up the
technicalscheme.

Finally, it shouldbestatedhatreadingof MSG inputdataandcalibrationasthefirst steptowards
the processingf MSG datawasimplementedsuccessfully
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Figure2.8: Functionalrelationshipfor coeficientsof third order polynomialof equation2.1 for several
viewing angles

2.5 WP2040: Aerosolretrieval
2.5.1 Intr oduction and Overview

TheDLR wasworkingontheaerosoltetrieval schemeéSYNAER. TheSYNAER retrieval scheme
is readyandhasbeenappliedto GOME/ATSR-2data.A preliminaryERS-2aerosodatasethas
beencalculatedandis availableat the DLR for testswith respecto the clearsky scheme.The
completeaerosoklimatologywill bereadyto usein time.

More over DLR hasinvestigatedoossiblesolutionsfor a MSG basedaerosolretrieval, andhas
explainedtheHELIOSAT partnerdheproblemswith sucharetrieval andlinkedwith thatcurrent
needfor a climatologyfrom instrumentothersthanMSG.

SinceENVISAT wassuccessfulljaunchedLR expectedthatthe first SCIAMACHY/AATSR
aerosolretrieval is readyin summer2003. The DLR reportedto the partney thatin additionto
the GOME/ATSR-2climatologyaoneyear”climatology” from SCIAMACHY/AATSRIs aimed
for.

2.5.2 Retrieval Methodology

Aerosolparameterareretrievedwith thenew methodSYNAER (SYNeigeticAerosolRetrieval;
[Holzer-Poppetal.,200Q HolzerPoppetal.,2002a,HolzerPoppetal., 2002 from a combi-
nation of simultaneousATSR-2 and GOME measurements.The high spectralresolutionof
GOME ideally supplementshe high spatialresolutionof ATSR-2. In this methodcloud de-
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tectionis first performedfor all ATSR-2 pixels. Secondly dark fields (dark vegetation,water
bodies)are selectecautomaticallyfrom the dataitself in the 1.6 and3.7 channelsand
from the NormalisedDifferenceVegetationindex (NDVI) calculatedwith the 670and870nm
channels. Then boundarylayer aerosoloptical thickness® (BLAOT) valuesat 670 nm (over
land)and870nm (over ocean)arederivedfor thesedark ATSR-2nadirpixelsfor which thesur
facealbedocanbeestimatedvith goodaccurag. BLAOT valuesovertheirregularly distributed
dark fields areinterpolatedto all cloud free ATSR-2 pixels with a distanceweightingscheme.
Using the atmosphericorrectionschemeEXACT [Popp,1999, which hasbeenvalidatedus-
ing Landsat-TMandNOAA-AVHRR data,the surfacealbedovaluesfor the 3 wavelengths560
nm, 670 nm and 870 nm are obtainedfor all cloud free pixels. The ATSR-2derved parame-
tersare co-registeredto GOME pixels andinterpolatedspatially BLAOT andsurfacealbedo
calculationis repeatedor 40 differentaerosolmixtureswhich are definedby external mixing
of six basicaerosolcomponents.Using the ATSR-2 calculatedvaluesof optical thicknessand
surfacealbedo GOME surfaceandconsecutrely top-of-the-atmosphergpectraor the sameset
of differentmixturesare simulatedat 10 selectedvavelengths. The measuredsOME spectra
arecorrectedor cloudandozoneinfluence.A leastsquarefit of the simulatedto the measured
GOME spectrumselectghe mostplausibletype of aerosolandits correspondin®3LAQOT value
at thereferencenvavelengthof 550 nmin a GOME pixel. Finally, a quality controlandanam-
biguity testareappliedby comparingthefit errorwith deviationsbetweerdifferentmixtures.A
casestudyvalidationshovedproofof the SYNAER capabilitiegerrorof opticalthicknessat 550

below 0.1) andcapacityto differentiatethe type of aerosoldetweencontinentalmaritime,
polluted,deserioutbreakandbiomassburning/ heavily pollutedair massessmixturesof 4 ba-
sicaerosocomponentgsulfate/nitratemineraldust,seasalt,soot). An exampleof the outputof
the SYNAER methodis givenin figure2.9.

2.5.3 Production of a satellite basedaerosolclimatology

It is the ultimate goal of this work packageto produce(andin future update)a satellitebased
aerosolclimatologyfor the MSG obsenation area. For this purposethe SYNAER methodwill
be implementedand work operationallywith the similar sensorsSCIAMACHY and AATSR
on-boardENVISAT. However, sincethe ENVISAT commissioningphasewill notbe completed
beforethe endof 2002, it wasdecidedto starta backupclimatology production. For this pur-
pose,a large dataorderwas placedat ESA within the AO project SENECA (AO 1D-106) for
GOME andATSR-2productgbothonboardERS-2)of theyear1997/98.UnfortunatelyGOME
measuressmall” pixels of 80x40km? only for 3 daysevery month, and 320x40km? pixels
throughouthe restof the month. For producingthe aerosoklimatologyonly the”small” pixels
aremeaningfulandarethusexploited. With this small pixel modeGOME coversa swathwidth
of 240km with only 3 pixelsin onescanline (SCIAMACHY will deliver pixels of 60x30km?
for aswathof 960km, i. e. 16 pixelsin oneline). Althoughthis meansa severelimitation to
the availabledatabasejt opensthe opportunityto testthe methodologywith a oneyeardataset.
Meanwhile ESA hasdelivered210 full day-sideorbits covering Europe/Africafor the period
July 1997to August1998. Preprocessingf thesedata(calibration,cloud detection)hasbeen
completed. On this basiscurrently the applicationof the aerosolretrieval SYNAER hasbeen
started.Theresultswill beusedto producea first versionof the aerosoklimatology

Dueto thelimited databasefor this climatologythereasonabléemporal-spatiasamplingof the
outputneedsto be optimised. The final aim is to deliver 4 seasonatlimatology datasetsvith
a 5 dggreehorizontalgrid. Dependingon the cloud coverageand methodinherentlimitations

Sopticalthicknesds a synorym for opticaldepth
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Figure 2.9: Exampleof SYMER output: SYMER 3-day mapover Europefor 1.-3. Septembef995.
Retrievedboundarylayeroptical thicknessat 550nmis shownin theupperpart rangingfrom0.03to 0.55.
Retrieved percentaye contributions of six basicaernsol component¢depictedas percentage of the pixel
area) are shownin the bottom (IN=insoluble WA=watersoluble SO=soot,SA=seasalt accumulation
mode SC=seasalt coarse mode MT=mineral transported). Cloud covered GOME pixels above 50 %
cloud fraction are excluded. Pixelswith large fit errors were excludedfrom both mapsby the quality
chek. Theambiguitytestwasnot applied.
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(surfacebrightnessmustnot exceed8 %, GOME pixel cloud fraction mustnot exceed35 %,
differentiationof aerosoltypesis only reliablefor optical thicknessat 550 nm larger than0.1)
the seasonalitynight be difficult. Thereforea oneyeardatase{averageandstandarddeviation
opticalthicknessdifferentiationinto basiccomponentsyvill be obtainedasfirst productfor a5
degreegrid.

Several investigationsindicate that 2 detailsin the aerosolsetupof SYNAER needrevision.
This will be implementedfor producingthe final climatology dataset. First, the currentsoot
components usedfor both industrial and biomassburning sootwhich exhibit very different
absorptionfeaturesaccordingto measurementslherefore two differentsootcomponentswill
be introduced. Secondly in the caseof desertoutbreakthe lowestaerosollayer of 4-6 km is
modelledasmixture of transporteanineraldustandbackgroundulfate/nitrateaerosolwhereas
two distinct layers(dustabove background)ccurin nature. Thus, SYNAER will be adapted
to accountfor this sub-structure.Both thesesimplificationsin the currentmethodsetupare
responsibldor miss-selectiomf the aerosokypein certainconditions;therevisionsshouldlead
to moreaccuratepticalthicknesgetrieval anddifferentiationof the aerosokype.
Onefurtherissueof improvementis the detailedhandlingof quality informationfrom the re-
trieval processsuchasfit error GOME-ATSR-2reflectancaleviation, surfacebrightnessspec-
tral noise, surfaceelevation, cloudiness,solar elevation angle, etc. which are very useful to
suppres®ixel resultswith potentialretrieval errors. A bestcompromiseneedsto be chosento
allow statisticallysignificantnumbersof measurementsut to atthe sametime rely on the most
accurateixel resultsonly. Thiswill be optimisedtowardsthefinal version.

As apreliminaryresultfigure2.10shovstheanticipatedtlimatologydatasebasedn 2.5months
of obsenations(July/August/Septembekr997,i. e. 8 daysonly). The low numberof obser
vationsleadsto muchto large box-to-boxvariationandin someboxes even unrealisticmean
opticalthicknessvalueswhich aredeterminedy singleepisodesThis will be enhancedby us-
ing the entireyearof available data. However, despiteof the small databasesomeinteresting
featuresanalreadybeobsened: Largestopticalthickness/aluesoccurover/ nearthedesertar-
easwhereaghe Scandingian areaor oceaniczonesshow lowestvalues.Also biomassurning
plumesfrom SouthAfrica andCentralSouthermAfrica areindicatedovertheAtlantic. Thenum-
berof pixelsindicateso potentiallyuncertairresultswith low numberof obsenations(in blue).
Sulfate/nitrateaerosolsvhich areincludedin all modelledaerosotypesasbackgroundaontribu-
tion shav evenclearertheunpollutedoceanicandNorthernareas Sootoccursmostprominently
over industrialised denselypopulatedareasaswell asin biomassburningor industrialplumes
overtheocean(anddueto misinterpretatiomecausef the simplifieddustvertical structureover
deserts0 someextent). Dustis dominantin andarounddeserticareas(SaharaNamib, Near
East)andoccurswith smalleramountin continentaland oceanicaerosol. Seasalt seemdo be
wrong(mostlyover continent) but it shouldbenotedthatit givesawealer contribution (only up
to 0.2) with thuslargererrorbar.
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Figure2.10: Preliminaryaemsolclimatolayy datasebasedon observation®f 8 daysin theperiod4 July
- 15 October1997. Thefigure shows(fromleft to right) in the upperline: total aemsol optical thickness
(AOT), numberof pixels, sulfate/nitate optical thicknesg(OT); in the lower line: sootoptical thickness,
dustoptical thicknessandseasalt optical thickness All optical thicknessvaluesare givenat 550nm; the
differentrange of OT valuesin thesubimagesshouldbe noticed;grey boxesneanthat no particlesof this
componentvere foundat all in this box.

2.6 WP20500zoneRetrieval
2.6.1 Intr oduction and Overview

The Ozoneretrieval methodis readyto use. The ozonedatausedwithin the projectis retrieved
GOMEdata,optionallyaretrieval basedbn MSG datais aimedfor. HELIOSAT-3 will profitfrom
ENVISAT launch,becauseavith SCIAMACHY theaccurag of the 3 datacanbeimproved.

2.6.2 The Global OzoneMonitoring Experiment - GOME

To derive actualdistributionsof total columnozonebackscattemeasurementsom the Global
OzoneMonitoring Experiment(GOME) on boardthe ERS-2satellite of the EuropeanSpace
Ageng/ are used(seee.g. [Burrowsetal., 1998 andreferencegherein). GOME is a nadir
looking across-traclscanningnstrumentwith atypical footprint sizeof about320x 40 km?. A
spectrakesolutionof 0.2 nmto 0.4 nm betweer240nm and793 nm enablego retrieve vertical
columndensitiesof ozoneasis describedy [Thomasetal., 200J. GOME datahasbeenavail-
ablesinceJuly 1995. GOME level-1 (radianced reflectancesandlevel-2 (tracegasamounts)
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productsare computedrom level-0 (raw) datausingthe GOME DataProcesso(GDP) system
whichwasdesignedanddevelopedby the GermanRemoteSensingDataCenter(DFD) of DLR

onbehalfof ESAin cooperatiorwith otherinstitutionsinvolvedin the GOME ScienceAdvisory
Group. The GOME processinghain (illustratedin figure 2.11) consistsof datareception,ge-
olocationandcalibrationof spectraretrieval of tracegasesandfinally dataassimilatiorto derive

synopticglobaltotal columnozonedistributions.

2.6.3 Retrieval of Total Column Ozone

The core elementof the retrieval is a DOAS (Differential Optical Absorption Spectroscop)
fitting techniquethat involves a multi-linear regressionof GOME-measureaptical densities
againsta numberof referencespectra.lt providestracegascolumnamountsalongthe viewing
path of the instrument([Burrows etal.,199§). The resultingtracegasslantcolumnsarethen
cornvertedto geometry-independenerticalcolumnamountghroughdivision by appropriateir
massfactors(AMF). OzoneAMFs are calculatedoy aniterative procedureon the basisof the
TOMS V7 ozoneprofile climatology[McPetersetal., 1994 usingthe radiatve transfermodel
LIDORT [SpurrandKurosu,2001]andarerestoredrom look-uptablesby neuralnetwork tech-
niques[Loyola, 1999. For this projectGOME GDPlevel 2 dataVersion3.0from ESA/DLR are
useddervedby theabove outlinedprocedureA recentvalidationcampaigriLambertetal., ] of
GOME datausingTOMS andground-basetheasurementsidicatesthatthe agreemenof total
ozonecolumnis within 2-4 % for solarzenithanglesbelow 70 .

2.6.4 Data Assimilation

Dueto the orbital parametersndscanninggeometryof the GOME instrumentthe level-2 total
columnozonedatais distributed heterogeneouslin time and space. GOME achieves global
coverageafter threedaysonly. Additionally, eachpixel is recordedat a differenttime. It is
quite obvious that the information contentfrom three day averagedasynopticmapsis rather
limited andwould resultin artifacts. This is becausehe distribution of total columnozoneis
primarily controlledby dynamicprocessesn the atmospherewhich can significantly modu-
late the distribution on shorttime scales.To gain synopticdistributionsof total columnozone
andto consideratmospherivariability the dataassimilationtechniquekalman-Filteringis used
[Daley, 1991]. It is appliedin conjunctionwith a spectralstatisticalplanetarywave approach
[Bittner andErbertseder200q, [Erbertsedeetal., 2000]aswell as[Bittner etal., 2003. In this
contet it hasto emphasisethatabout90-95%o0f ozonetotal columndensitystemsrom altitude
regionsfrom 10km upto about35km. In thisregion,ozonecanberegardedasbeingphotochem-
ically stablefor time scalesof afew daysandweeks.Therefore the distribution of total column

Figure2.11: lllustration of the GOME processinghain.
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Figure2.12: Effectof the Kalmanfilter: Filling gapsof GOME basedO3 usingthe Kalmanfilter.

ozoneis mainly dueto transportprocessesthatis dynamics. Several wave phenomenomsn
differenttime andspatialscalesaregoverningthe stratosphericynamics.Examplesaregravity
waves,shorterperiodplanetarywaves,Kelvin andmixedRossby-greity wavesneartheequatoy
large-scalecirculation,andsurgesabove thunderstorms;yclonesor overseasurfacetemperature
anomaliessuchasEl Nino, to mentiononly a few. The statespaceapproachKalman-Filtering
is capableo take into accountevensuchrapid changesn the atmospherisystem.lt allows the
consideratiorof both time and spacedependeng of datasets. As a result,the Kalman-Filter
baseddataassimilationtechniqueproducesan estimateof the stateof the system,suchasthe
distribution of ozone atary giventime ("snap-shot”) seefigure2.12.

The Kalmanfilter estimateghe Fourier coeficientsfor the trigonometricfunctionsdescribing
the planetarywavesat eachlatitudein agiventime . To obtaininformationonthetemporaland
spatialdevelopmentof total ozone. GOME obsenationsfrom previous andfollowing aretaken
into account.

Sincethetotal ozonedistribution is governedby waves,knowing the wavesmeansknowing the
ozonedistribution. Therefore the wavesaremodelledby meansof sinusoidals.The procedure
startsin binning GOME level-2 datainto latitude segments.Theresultis anensembleof zonal
data/timeseriesof total columnozonedata. The Kalmanfilter now estimateshe Fourier coefi-
cientsfor thetrigonometricfunctionsdescribingthe planetarywavesat eachlatitudebin a given
time .

To obtaininformation on the temporaland spatialdevelopmentof the obsened quantity here
GOME obsenationsaretakeninto accountfrom previous andthe following dayswith respect
to the time to be analysed. A big adwvantageof the Kalman Filter is its independencen the
measuremergeometrythatmeanghe obsenationsneednotto beequidistantFurthermorethe
presentedpproachs tolerantin treatingdatagaps. Generally it hasto be emphasisethatno
auxiliary datalik e globalwind fieldsareneededAs validationwith groundbasedneasurements
hasshovn theapproachdoesnt addsignificantnoiseto thedataatall, while gainingmuchbetter
availability, informationandinsightto the ozonedistribution comparedo the purelevel-2 data.
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Figure2.13: Validation of Kalmanfiltered GOME total columndataversus496 singlemeasuementsof
the DobsonSpectophotometeat the Meteoplogical ObservatoryHohenpeissenbgr

To give anexampleof a evaluationcasestudya comparisorwith 496 singlemeasurementsf a
Dobsonspectrophotometeat Hohenpeissenbegiis presentedhere[Erbertsedeetal., 2000, see
figure2.13. For this purposeheglobalozonedistributionwasassimilatedrom GOME measure-
mentsexactly to thetime whenthe Dobsonmeasuremeribok placeandthevalueoverthestation
Hohenpeissenbgwasextracted.A periodwith strongdynamicactiity andresultinghigh data
variability waschosenJanuaryJunel998).As canbeseernfrom thefigure2.13theresultsshov
ameandifferenceof 1.43%anda standardieviation of 6.03%(Dobsonmeasurementsourtesy
of the GermanWeatherService)Validationof Kalmanfiltered GOME total columndataversus
496 singlemeasurementsf the DobsonSpectrophotometeat the MeteorologicalObsenatory
Hohenpeissenbgr

Data setsprovided within the project period Datasetsweredeliveredfor several defined
clearsky daysagreedon. The global datasetshave a spatialresolutionof 40x40km andwere
assimilatedfor 12:00 UTC. The formatis ASCII (later HDF) and eachfile consistsof three
columns:

1. longitude(in DegreesEast[-180;180])

2. latitude(in DegreesNorth [-90;90])

3. total ozone(in DobsonUnits = mm-atm-cm[50,650])
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Chapter 3

WP3000: The SOlar Irradiance Scheme,
SOLIS

3.1 Intr oduction

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

Theoperationallyworking methoddHeliosat([Beyer etal., 1994,[Hammer 200J andHeliosat-
2 [Rigollier etal., 2001]usesstatisticalmethodsandsemi-empiricaformulasfor the calculation
of solarirradiance.They usecloudinformationfrom the currentMeteosasatelliteandaturbitidy
climatologyfor the calculationof the clearsky irradiance.

The MeteosatSecondGeneratiorsatellitesMSG) will provide not only higherspatialandtem-
poral resolutionthan his predecessafeteosat but alsothe potentialfor the retrieval of atmo-
sphericparametersuchasozoneandwatervapour With satellitedike GOME/ATSR-2alsothe
retrieval of aerosolinformationis possible. This more detailedknowledgeaboutatmospheric
parameterallowsto setup anew calculationschemebasedon radiative transfermodels.

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

So far, the working versionof the clear sky schemehasbeenfinishedand a conceptfor the
whole schemehasbeendeveloped. The technicaldetailsof the clearsky working versionare
documentedh anne, seesection6.1.

Within the next sectionghe designandthe main conceptof the schemearedescribedaswell
asthe scientificwork behind.

3.2 WP3010-Clear sky scheme
3.2.1 Intr oduction

Theclearsky schemalescribedelow is characteriseldy anew approachsofar notusedin ary
of the existing solarirradianceschemesThereforea moredetaileddescriptionof the "concept”

LIn the nearfuturetheinformationfrom GOME/ATSR-2will bereplacedby SCIAMACHY/AATSR
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is provided in the following sections. A more technicaldescriptionof the clear sky working
versionis providedin theappendix(seesection6.1).

3.2.2 The new clear-sky module

MSGwill scantheearthatmospherén avery high spatialresolution(seetable3.1),e.gapprox-
imately 2.5 million pixelshave to be processe@very 15 min. for Europe. Thusthe computing
time necessaryo calculatethe solarirradiancefor eachpixel hasto be very smallto make an
operationalusageof the solarirradianceschemepossible. One possibility to managehe com-
putingtime problem,with respecto RTM applicationsjs the useof look-uptablesto consider
the effect of atmospherigarameter®n the solarirradiance. Insteadof doing this a nevw more
powerful andmoreflexible method- the integrateduseof RTM within the schemebasedon a
modifiedLambert-Beerelation—will be appliedwithin the HELIOSAT-3 project.
Theintegrationof RTM into the calculationschemegnsteadof 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 calculationschemegossible.
Thebasis(or startingpoint) of theintegrateduseis the assumptiorthatdaily valuesof the clear
sky atmospherigparametersn a spatialresolutionof 100x100km or 50x50 km are sufficient.
This assumptions reasonabldor solarenegy applicationsin consideratiorof accurag and
operationalpracticalityandis not linked with restrictionsof the modelbecausef the reasons

listedbelow.

e Principlerestrictionsin the art of retrieval limits the available input with respectto the
temporalandspatialresolutionof the atmosphericlearsky parametersk.g. theretrieval
of aerosoldrom satelliteis handicappedtby the smallaerosokeflectancendthe perturba-
tion of the weaksignalby cloudsandsurfacereflection.For thatreasongetrieval of daily
valuesin 100x100km resolutionwith a”global” coveragein anappropriateaccuray is a
taskfor thefarfuture.

e Theresolutionis in consistencavith the compilationof datarequirements

e Thetemporaldaily fluctuationsof solarirradiancearein generadominatedy thefluctua-
tionsof cloudsandthecloudinformationis usedin its hightemporalandspatialresolution
(MSG pixel resolution).

e The usageof the modified Lambert-Beeifunction, describedater on, shouldenablethe
correctionof derivationsfrom the daily averageof the clearsky irradiancein aneasyand
fastmanner(seealsosection??).

Sincedaily valuesof theatmospheriparameter§ 5, 5 ,aerosolsyithin aregionof 100x100km
(50x50km)canbe assumedo be sufficient, the diurnal variationof the solarirradianceis just
dependenbnthe SolarZenithAngle (SZA, ). TheRTM calculateghediurnalvariationof the
solarirradiancefor eachregion usingthe atmospheriparameterssinput. The cloudeffectand

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

Table3.1: Improvementsn METEOSA resolution
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hencethetemporalfluctuationof thediurnalclearsky irradiancecausedy cloudsis considered
for eachpixel without the "need” for an explicit useof a RTM (for a moredetaileddescription
seesection3.3). As aconsequenceot every pixel hasto beprocesseavith theradiatve transfer
model. With the modified Lambert-Beerfunction, describedn detailin section3.2.3,the diur-
nal variationof the clearsky irradiancecanbe matchedvery well. As aconsequencthe RTM
calculationmecessaryo definethe diurnal variationof the clearsky irradiancecanbe reduced
enormously Usingthe modifiedLambert-Beefunctiononly 2 RTM calculationsarenecessary
to definethe completediurnalvariationof the clearsky irradiancefor a givenatmospherictate.
As aconsequencendependenif apixelis cloudyor not,2 RTM calculationareenoughto cal-
culatethe solarirradiancefor the whole (e.g. 100x100km) region, whereit is importantto note
thatthecloudinformationis usedfor eachpixelin thehigh spatialandtemporalMSG resolution.
How the couplingof theclearschemewith thecloudysky schemewill beperformeds described
in detailin section3.3. In figure 3.1 the spatialandtemporallinkage betweerthe clearsky and
the cloudysky moduleis illustrated.

clear sky model

f '
input:  Aerosols H20 Ozone |29X50km

resolution: daily, 50x50 km region

temporal (diurnal) information:

SZA dependent diurnal variation

of solar irradiance, use of "fit"

function reduces necesarry RTM
&computing time

temporal
information

L

cloud information in
high resolution every
15 min, 1 x 1 km

diurnal variation of
clear sky irradiance.
50x50 km resolution

link with cloud
information via
n-k relation or —

exp(COD)
———(
R

Irradiance

hour of day

information of solar irradiance in a high
spatial and temporal resolution.

Figure3.1: Diagramof the spatialandtempoal linkage betweerclearsky andcloudinformation.
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3.2.3 The modified Lambert-Beer function

The describedmodified Lambert-Beerrelation and their applicationwithin solar irradiance
schemess atotally new approachThefunctionandtheir applicationwithin thecodewasdevel-
opedwithin the HELIOSAT-3 projectat the University of Oldenturg.

Dir ectirradiance

ThelLambert-Beerelationis givenby
(3.1)

where is theopticaldepth
Consideringpathprolongatiorandprojectionto the earthsurfaceleadsto.

S (3.2)

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

(3.3)

Usingequation(3.3)for =0leadsto . If wearedealingwith monochromatic radiation then
is constanthence equals for all SZA.

If wearedealingwith wavelengthbands is notconstantbut changesmoothlywith increasing

SZA. isjusttheeffective opticaldepthat =0, Thereasorfor thatis the non-lineamatureof

the exponentialfunction.

Henceacorrectionof theopticaldepth,or equivalentto this, of theparamete—— is necessary

E— (3.4)

Using this function the calculateddirect radiationcan be reproducedvery well (seeFig. 3.4).
Thefitting parametenris calculatecbasedon two RTM calculations.

Global irradiance

As explainedabove a correctionof formula3.2is necessaryor directradiationif theformulais

appliedto wavelengthbandshenceit is necessaryor globalradiationtoo. But in additionto the
wavelengthbandeffect the Lambert-Beetaw is nolonger”valid” for monochromaticadiation
dueto the effect of scatteredohotonsthatare”coming back”. This effect is mainly described
(consideredpy theusageof the effective opticaldepth . As aconsequenceisingtheeffective

optical depththe Lambert-Beeiis still a (relatve) good approximationfor "monochromatic”
global radiation. But dueto e.g. the atmosphericvertical inhomogeneitythe changein the
amountof photonscomingbackdueto changesn SZA is not describedby in detail.

Hencea correctionof formula 3.2 is necessargvenfor monochromaticncomingradiation,in

orderto yield abettermatchbetweerRTM calculatecandfunctionvaluesseefor examplefigure

3.2). Sincethe Lambert-Beerelation, using the effective optical depth , is still a (relative)

goodapproximationf theincomingradiationis monochromaticit is not so surprisingthatfor

wavelengthbandsthefunction

S (3.5)

is (similar to the directradiationcase)alsoa goodfitting functionfor globalradiation(seeFig.
3.4).
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Figure3.2: lllustration: For monotiromatic radi-
ation the Lambert-Beerrelation is still a good ap-
proximationfor the calculationof globalirr adiance
if the effectiveoptical depth(EOD) is used.In order
to yield a bettermatd a correction of formula 3.2
(the Lambert-Beerelation)is necessary
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Figure 3.3: Sincethe modifiedLambert-Beerre-
lation doesnot describethe behaviourof diffuse
radiation, a correction of the Lambert-Beerela-
tion is absolutelynecessary Fitting with a simple
cosinerelation lead to a mud poorer agreement.
(EOD=efectiveoptical depth)

Diffuse irradiance

The Lambert-Beerelation describeghe attenuatiorof the incomingradiation. The incoming
diffuseradiationat thetop of the atmospherés negligible. The sourceof the diffuseradiationis

the attenuatiorof the directradiationdueto scatteringorocessesHencethe Lambert-Beetaw

is relatedto theirradianceof diffuseradiationbut doesnot describethe irradianceof diffusera-

diation,sincediffuseradiationcannotbedescribedn termsof attenuatiorof incomingradiation
(seeFig. 3.3). However fitting with the modified Lambert-Beerelationworks very well (see
Fig. 3.4).

Sincethe scalingwith cos(x)is not appropriateor diffuseradiationit is skippedandequation

(3.6)is usedfor fitting.
(3.6)

Generalremarks

The usageof the modified LamberBeer function is physically motivated, but it is actually a
"fitting” function. This is especiallyobvious for the caseof diffuseradiation. In principle it
is possibleto fit the RTM calculationswith any appropriatefunction for examplea modified
polynomialof third degree (seeFig. 3.5). Hencethebig advantage
of the modifiedLambert-Beefunctionis not thefeasibility to fit the RTM calculationshut that
it is possibleto yield a very good matchbetweenfitted and calculatedvaluesby usingonly 2
SZA calculations.This is possiblesincethe changeof theirradiancewith SZA is relatedto the
LamberBeerlaw, henceusingthe modifiedLambert-Beerelation”the degreesof freedomcan
bereduced”.More overthe parametecanbe calculatedvithout the needfor a numericalfit.

The function wastestedfor mary differentatmosphericstatese.gfour differentaerosoltypes,
four differentvisibilities (5, 10, 23,50), differentwateramountsdifferentstandardatmospheres.
Additionally it wastestedthatthefit alsoworksif anothelRTM model(insteadof libradtran)is
usedfor the RTM calculations. Thereare no reasondo assumehat thereexist a atmospheric
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Figure3.4: ComparisorbetweerRTMcalculationsandfit usingthe modifiedLambert-Beerelation, for
differentatmosphericstates

statefor thatthefit doesnotwork verywell. Henceit canbeassumedhatthefit worksverywell
for all atmospherictates.

For our purposethe senseof a appropriatfitting function is to save calculationtime without
losing”significant” accurag. Thequestionf afitting functionis usablefor thatpurposedepends
onthedifferencebetweerthefitted valuesandthe RTM calculatedsalues(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.

3.3 WP3020: Statusand planning of the cloudy sky scheme

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 cloudinputinformation
is not available operationally Hencewith respecto the useof a RTM the problemis the non-
availability of realisticspecificatiorof heterogenousloudsfrom measurementdVSG will not
provide sufficientinformationabout3-D cloudcharacteristicsNo othersatelliteor measurement
setupprovidesthis informationfor 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).
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Figure3.6: ComparisorbetweerRTMcalculations
and fit using the modified Lambert-Beerrelation.
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Figure 3.5: Comparisonof the fit usinga polyno-
mial of third degreeandthe RTMcalculations

As a consequencef the things mentionedabove, the integratedusageof the RTM within the
schemes relatedto the clearsky scheme.Consideringthe cloud effectstherearetwo options
thatwill beavailableto the user seedescriptionbelow.

Using n-k relation Within this optionthe effect of cloudson the solarirradiances considered
by using the relation betweencloud index n and clear sky index k (n-k relation). This rela-
tion was empirically found within previous studies. It is usedin the currentHeliosatmethod
[Beyeretal.,199. The n-k relationis robust and validated. It leadsto relative small Root
Mean SquareDeviations (RMSD) betweenmeasuredand calculatedsolarirradiancefor daily
andmonthlyvalues.Neverthelessanimprovementof the n-k relationusingphysicallyretrieved
cloud parameterss aimedfor. For this purposestudieshave beenperformedin orderto inves-
tigatethe questionif the n-k relationcanbe improvedby usingthe enhancedloud information
retrievedfrom MSG (cloudmask,COD, ). Additionally, theeffectof brokencloudshasbeen
investigatedn orderto studythe effect on the globalirradiance.Besidethe describedaim — to
improve the n-k relation— suchstudiesimprove the understandingf the interactionbetween
cloudparametersik e cloud heightandLWP ? or the effect of brokencloudson thecalculatedr-
radiancesThereforethey areanimportanthelpfor the developmenif the COD basedscheme,
describedn thenext paragraph.

Within the HELIOSAT-3 projectthe UIB hasperformeda studythatindicatesa depen-
denceof the cloudindex n on the viewing geometryand LWP of the clouds. This depen-
deng is notconsideredn thecurrentHeliosatschemeA correctionof suchaneffectin the
new schemas aimedfor. For detailsseesection4.2. More overtheUIB hasimprovedthe
formulafor the detectionof atmospheribackscatteringeadingto a furtherimprovement
of then-k relation.

Heterogenousloudeffectshave beeninvestigatedn differentstudieqseesectiord.2.3)in
orderto correctthe n-krelationin a statisticaimannere.g.improve the calculatedelation
betweendiffuse and direct irradiance(for more detailsseesection4.2.3) Thesestudies
will bediscussediuringthemid-termmeetingandafinal conclusionof the studieswill be
dravn within the next months.

2LWP andCOD canbeusedalternatvely to describecloud effects
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Sylvain Crossfrom ARMINES hasperformeda studyrelatedto the "Potentialimprove-
mentsof the cloud index usingtwo VIS channelsof MSG”. This is describedn more
detailin section4.5. A centralresultof this studywasthatthe cloudindex is almostinde-
pendenbn thewavelengthin thevisible. As a consequencthe choserMSG channehas
no effectonthen-k relation.

Using COD basedcode Basedon the informationof the cloud optical depth (COD) which
will be(is) retrievedoperationallywith the DLR software,thedirectirradiancecanbecalculated
usingformula3.7

S (3.7)

where is thesolarzenithangle,COD standgor the cloudopticaldepthretrievedwith the DLR
software, | is the direct surfaceirradianceand the clearsky irradiancecalculatedwith
thedescribedtlearsky module.Within this formulathe cloudsareassumedo be homogenous.
Thecurrentideafor the calculationof theglobalirradiances basedn thedefinitionof aneffec-
tive cloud optical depthappliedto globalirradianceGCOD. This GCODis definedby equation
3.7 for globalirradiance. This meansthatthe GCOD is the quantity that leadsto the relation
betweenthe globalsolarirradianceandglobal clearsky irradiancein the sameway asequation
3.7.

S (3.8)

This definition of GCOD posethe problemto find the correctGCOD in dependencef COD
retrieved from the MSG satellitedata. Currently studiesare performedthatinvestigatesvhich
cloud parametersther than COD have an effect on GCOD. E.g cloud effective radii, cloud
height. Additionally, the effect of the surfacealbedais investigated.

After this studyis finished, it shouldbe possibleto setuplook-up tablesthat uniquely relate
COD to GCOD. Currentlyit seemghatfor low surfacealbedoCOD andthe effective radii are
sufficientto defineGCOD (for specificSZA andwavelengthinternvalswith weakabsorption).
Calculatingthe direct and global irradiancefirst, the diffuse irradiancecan be determinedby
subtractinghe globalfrom thedirectirradiance.

Figure3.7illustratesthe new schemendthe integrateduseof thethe RTM within the clearsky
scheme.

3.4 Improvementslink ed with the describednew clear-sky module

Modified Lambert-Beerelation enableghe integrateduseof RTM within the clearsky
moduleof theschemeTheintegrateduseof RTM is linkedwith highflexibility 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 theangulardistribution of diffuseirradiance.

Consistentalculationsof global,directanddiffuseradiationfor clearsky casesvithin one
singleschemeonsideringlifferentaerosotypesandnotonly turbidity. Henceaimproved
estimationof the relation betweendiffuse and direct radiationis possible especiallyfor
clearsky situations.The separatediseof H20 andaerosoldnsteadof turbidity is a need
for accuratanformationof the spectradistribution of irradiance.
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Figure3.7: Overviav of thenew calculationscheme

It seemsthat deviations of the atmosphericstatefrom the average( , aerosols)
caneasilybe correctedwith the modifiedLambert-Beetaw. A correctionof the effective
optical depth , whereaghe a,b,cparameteremainunchangedleadsto a good match
betweenRTM calculatedand function valuesfor H20, seesection4.6.1. For aerosols
similar testshave to be performed.

Clearandeasylinkagewith cloudysky schemewhereaghetreatmenbf theheterogenous
cloud effectsis not restricted. The improvementof the accurag in the calculatedsolar
irradiancefor heterogenousloudsituationss aimedfor, seee.gsectiord.2.3.

35



Chapter 4

Scientific studiesand contrib utions within
WP3000

4.1 Intr oduction

The scientific studiesdescribedn detail belov areanimportantbasisfor the conceptandthe
developmentof the scheme. Pleasenote that the solar irradianceschemedevelopedwithin
HELIOSAT-3 is calledSOLIS (SOLarlrradianceScheme).

4.2 Empirical and RTM basedstudiesrelatedto the SOLIS cloud module
4.2.1 Intr oduction

Within the HELIOSAT-3 projectKnut-FrodeDagestachasperformedstudiesrelatedto the de-
velopmenif the SOLIS cloudy sky module.

The studiesperformedfrom UIB are very importantfor our understandingf the interaction
betweercloud parameter$ik e cloud heightandliquid waterpath(LWP) on the calculatedrra-
diancesaswell asfor a betterunderstandin@f the broken cloud effect on the calculatedrradi-
ance.They arethereforenot only importantfor theimprovementof the n-k relationbut alsofor
the developmentof the COD basedschemebriefly characteriseth section3.3.

The performedstudiesndicateshata dependencef thecloudindex n ontheviewing geometry
andLWP of thecloudsexists. This dependengis notconsideredn thecurrentHeliosatscheme.
A correctionof sucheffect in the new schemeshouldbe possibleand can be expectedto be
linkedwith ansignificantimprovementof thescheme.

More over UIB hasimprovedthe formulafor the detectionsof the atmospheridackscattering
leadingto animprovementof the calculatedsolarirradiance.

4.2.2 Description of studiesand results

A radiatvetransfermodel(SBDART) wasusedto testthe performancef the Heliosatalgorithm
for differentcloud properties:Liquid Water Path (LWP), Droplet Effective Radiusand Height
of theclouds.A simplified versionof Heliosatwasappliedto a syntheticdatasesimulatedwith

SBDART. The main finding wasthatthe heightof cloudsaffectsthe performanceof Heliosat.
For low clouds,Heliosatgivestoo high globalradiation,andvice versa(seefigure4.1). Thedata
shavedalsothatHeliosatoverestimatedjlobal radiationfor very thick clouds(LWP = 300 —).

Detailsof this studycanbefoundin [Dagestad2001].

This resultis qualitatively confirmedby a comparisorof Heliosat-dewed valuesfor Bergento
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Figure4.1: SBDARTsimulationsof clear sky index plottedagainstcloudindex for threedifferent cloud
heights.All cloudsare 1 kmthick, heightof the cloudbases given.All cloudsare unbroken. Thespectal
rangesof thesimulationsvas0.25-4.0 m. For explanationof thedifferentregressionines,andfurther
details,seg[Dagestad,2001].

obsenations for theyears1996and1997(Satel-Lightversion),illustratedin figure4.2.
Groundbasedobsenationsof the cloudbaséheightof the lowestcloudswasusedasa measure
of the cloud height. The empiricaltestshovedthat Heliosat-dewed global radiationwasabout
5 % too high for cloudamountsof 7 and8 octa,while the satelliteestimatesveregenerally5%
toolow for smallercloudamountsandfor cloudlessconditions.

This implies that the clear sky model givestoo low valuesfor Bemen. If we adjustfor this,
Heliosatthusunderestimateglobalradiationunderovercastconditionsin Bergenby 10%. This
is probablydueto very thick cloudsin Bemgen,beinga west-coastity placedin the westerlies.
This againindicatesthatit might be usefulto includethe MSG-parameteL WP asa parameter
in thek-n relationship.For moredetailsaboutthis study see[Dagestad2003.

The angularvariationof reflectionfrom cloudswasalsoinvestigatedboth numericallyand by
examining Meteosat-imagefr 1996. The 1 dimensionaimodel SBDART shawved highly an-
isotropicalreflectionfrom clouds.Theempiricalstudyshaved,however, thatthe TOA reflection
from cloudsis moreor lessLambertian.Thisresultwasobtainedaftertheuseof anew expression
for thedeductiorof atmosphericdbackscatteringunedto oneyearof datafrom 21 ocearpixels.
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Figure4.2: RootMeanSquae Deviation (RMSD)and MeanBias Deviation (MBD) of Heliosat-derived
clear sky index minusgroundmeasuementsTheRMSDand MBD is plottedagainstobserves estimates
of theheightof thecloudbasef the lowestclouds.Aswith the SBDAR Fsimulationsthe Heliosat-method
overestimateglobal radiationfor low cloudsandviceversa.

4.2.3 Investigationof 3D-cloud effectswith SHDOM

Accordingto the descriptionof work within WP3020EHF andUIB have performed3-d cloud
modelstudiesusingtheradiatve transfermodelSHDOM [Evans,1998.
Theinput cloudfieldsarefrom the IS3RC inter-comparisorcampaignfor detailssee:

http://climate.gsfc.nasa.gfcasesnew.html

In addition and for reasonsof comparisonhomogenousloud fields hasbeengeneratedand
usedfor additionalmodelruns. Casestudieswith 3-d cloud modelsare well suitablein order
to increasethe understandingf 3-d cloud effects on the solarirradiance. They provide hints
for possiblemprovementsor helpto clarify principle limitationsfor the calculationof the solar
irradiancein heterogenousloudsituations.

A part of thesestudiesarerelatedto investigatepossibleimprovementsand limitations of the
currentHeliosatmethod.In agreementith empiricalstudiesit wasworked out thatespecially
for "awesome”heterogenousloudslarge errorsin the satellite derived irradiancehave to be
expected.More over the studiesindicatesthatfor specialcloud situations(e.gcumulusclouds)
andmoderateviewing geomtriesa meanbiasin the calculatedsolarirradianceoccurs(seefigure
4.3). 1t shouldbepossibleto find a "parameterisationin orderto correctthe effectfor moderate
viewing geometriesA empiricalstudywill beperformedduringthefirst monthsof 2003in order
to confirmthis finding andto find a applicablecorrection.

Anotherpartof this studyinvestigateshe problemof anappropriatecomparisorbetweerground
basedneasurement@ndsatellitedervedirradiances Especiallyfor heterogenousituationit is
importantto investigatevhatthereasongor differencedetweerthegroundbasedneasurements
andsatellitederivedirradiancesre. Therearetwo possibilities:
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Thedifferencesaredueto handicapsn the calculationschemehenceerrorsarebasedon
modelrestrictions.

Thedifferencesaredueto thefactthatpoint measurementsf groundbasedrradianceare
comparedvith irradianceglervedfrom radiancesveragedveraarea.As aconsequence
in this casedifferencesredueto thefactthatapplesarecomparedvith beansandnotdue
to themodel

Sincetherelationbetweemmeasuredadiancest the satelliteandsurfaceirradianceis spatially
rapidly changingn heterogenousituationsthis questionhasto be carefully investigated With

a modelthe separatiorof the two possibilitiesis straightforvard. Henceon the one handthe
modelbasedcasestudieshelpto find the limitations of the schemeon the otherhandit helpto

clarify which differencesare dueto apple-bearcomparison.Additionally suchmodel studies
helpto defineappropriatecomparisorconditionsfor heterogenousituations.

Sincethis studyis still underprogresdinal conclusionsannotbedrawn.
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Figure4.3: Lefthand,computedylobalirradiance for a cumulusand stratocumuluscloudfield, on

theright handthe associated:loud index. Thefiguresdiagramstheresultfor a SZAof 30 degreesfor

differentviewing geometriesxpressedytheazimuthangle(x-axis)andthe zenithangle(colouredlines,
seelegend). For modeate zenithviewing anglesa biasin the calculatedglobal solarirr adianceis given.
Belowa SZAof 60 degreea biasoccuss in the cumuluscasebut is veryweakin stratocumulusase(for

viewing angleslessthan 65 degree), whereasno significantbias is obviousfor the total overcastcase
(not diagrammedher). This indicatesthat this bias is dependenbn the specificcloud situation (e.g

cumuluskindred situations)and if soit shouldbe possibleto correctthis bias consideringthe specific
cloudweathersituation.
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4.3 Possibleimpr ovementsof the current Heliosat-1 method with regard
to the HELIOSAT-3 project

Studyperformedby Rolf KuhlemannUniversityof Oldenturg

The currentlyusedHeliosat-1methodoffers the optionto calculateirradiancesat groundlevel
on a global scaleby usingdatafrom geostationarysatelliteslike Meteosat-7Hammer 2004.
Major uncertaintie®of the calculatedrradiancesarecausedy cloudinessandaerosokffects.

In orderto assesghe potentialfor possiblemprovementof the Heliosat-1methodits properties
were studied. This was done with regardto the Heliosat-3project which was startedto use
the improved optionsof the recentlylaunchedsatelliteMeteosatSecondseneation (MSG), to
combinethemwith dataderivedfrom othersatellitesandto developa moreaccuratanethodby
applyingmorephysicalinformation.

After collecting empirical experienceswith the Heliosat-1algorithm several deficiencieswvere
recognise@ndthereasongor themwereworkedout. Thiswaspartly doneby usingtheradiative
transfermodel6Sfor comparisonSensitvity studieswith the samemodelalsoshovedpossible
improvementdo the Heliosat-1method.In detailthefollowing resultswereproduced:

1. The necessarydaptationsf the Heliosat-1codeto run it with datasuppliedby MSG
insteadof Meteosat-Averemade.

2. Two deficienciesof the currentcodeare relatedto the algorithmandwere identified by
investigatinghe frequeng distribution of measured@ray counts:

If thecalculatedgray countsarenot equallydistributedbetweerconsecutie integers
numericalproblemsshow upin thetransformatiorof realinto integervalues.

If thetypical peakfor land doesnot exist in the histogramof thetime seriesof gray
countsfor a certainpixel badresultsareproducedvheniteratingthe groundalbedo.

3. Two physicalreasongor deficienciesvereidentified:

Thefirst is causedoy the atmosphericorrectionwhich doesnot explicitly account
for aerosokcattering.

Investigation®f theannualvariationof thefrequeny distributionsfor Europeshoved
an unexpecteddecreasef the intensity during summer(seefigure 4.4, left hand).
This behaiour wasinvestigatedvith the radiatve transfermodel6Sto simulatethe
changeof the diurnal variationof the globalirradianceon the northernhemisphere
duringthe year This wasdonewith anaccurateatmospheriaescriptionincluding
differenttypesandconcentrationsf aerosols.

Althoughthis cannottotally explain the obsenedbehaiour thedependengof scat-
tering processesn the sun-satelliteanglecontributessignificantlyto this effect. Es-
pecially strongscatteringaerosoldik e maritimeswerefoundto producesimilar ef-
fects,seefigure4.4. Thedescriptiorof groundcharacteristicgs acrucialpointwithin
6S calculations. Anisotropiceffectsof groundreflectionareassumedo producethe
remainingpartof the obseredeffect.

Thesecondleficieny correspondso the basicideaof Heliosat-1to ensureghe com-
parability of differentpixelsin time andspaceby externally moving the sunto the
zenithfor eachpixel. Thisis actuallyunphysicabndproduce$oth”’pseudo” ground
albedosandbrightenededgeson calculatedrradiancemapsfor low sunelevations.
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Figure4.4: Left side: Annualvariation of the frequencydistribution of the gray countsrepresentinghe
groundalbedo. ProcessedVeteosat-Mdatafrom 1998by usingthe Heliosat-1method. Rightside: The
change of the diurnal variation of the global irr adianceover the year usingthe radiativetransfermodel
6S, a maritimeaerosolmodelwith an optical depthof 0.2 and a directionallyresolvedyroundmodelfor
vegetationfrom [Verstraeteetal., 1990

4. TheHeliosat-1methodassumeshatwatersurfacesdoesnot reflectirradiationwithin the
visible range. This assumptiorwas verified with 6S by using a directionalreflectance
modelfor oceangVermoteetal., 1997. It wasfoundthatthereflectionis indeednegligi-
ble aslong asthewind speedover wateris low.

Someof the identified inaccuraciesorrespondo lacks of information aboutthe stateof the
atmospherandthe type of the ground. In orderto improve the currentcodeadditionalinstru-
mentaloptionsto get the neededdatawere studiedtogetherwith the necessaryrocessingof
themrespectrely.

Oneoptionaretheresultsfrom thedataprocessingchemeSYNAER developedandprovidedby
theprojectpartneiDLR (DeutscheZentrumfirr Luft undRaumahrt)[Holzer-Poppetal., 2002a].
It useghesatelliteplatformERS-2(ATSR-2/GOME)o dervethedifferentconstituent®f theat-
mosphereandtheir concentrationgncluding aerosols.In additionland/seanasks cloud-masks
und other cloud propertieslik e optical depthand top temperatureare calculated. Finally the
SYNAER procedurewill be adaptedo the new satelliteplatform ENVISAT andwill provide
evenmoreinformationaboutthe atmospherén thefuture.

Keepingthe mentioneddeficienciesof Heliosat-1andthe enhancedptionsof MSG and EN-
VISAT/SYNAER in mind threefields of desirableimprovementswithin the Heliosat-3project
wereidentified:

The integration of information aboutthe atmosphericstateand its dynamicsespecially
accordingto amountandtype of aerosolshouldimprove the calculatedrradiancevalues
considerablyfor clearsky situations.

The useof masksto distinguishland from seaandcloudsfrom groundshouldeliminate
currentproblemsaccordingto misdetection Additionally, the optionto replacethe statis-
tical quantity cloud index by the physicaldefinedCloud Optical Depth (COD) will be a
majorprogressaswell.

Consideringinformation from next neighboursof an analysedpixel in both spatialand
temporaldomainshouldreduceerrorsandallow moreaccuratgesults.
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Summary The higherspatial,temporalandenegetic resolutionof MSG will alreadyreduce
theinaccuracie®f the Heliosat-1methodandenhancenterpolatve options. Theintegrationof

informationaboutaerosolsn theHeliosat-1procedurewill reducets uncertaintiegonsiderably
The useof accordingcloud informationwill avoid errorsof the currentcodeandis potentially
anotheroptionof uncertaintyreduction.

4.4 WP3000relatedwork performed at the Center of Energy, University
of Geneva

4.4.1 Intr oduction

The work performedat the Centerof Enegy, University of Gene&a, during the first 18 months
of the projectconcerrnthe clearsky radiationreachingthe ground,the derivationof the turbidity
coeficient, the specularityaspecbf the groundreflectionandthe sky luminancedistributionin
Genea. The broadbandtlearsky modelhasbeentestedagainstmeasurementsf 13 stations-
years,andits validity assessedlt is operationaland usedto derive the irradiancemapsfor
Americausingour dynamicmodelwith agoodaccurag [Perezetal.,]. Yetit hasto beclarified
thatthe mentionedoroadbanalearsky model,proposedy Kasten,is basedon a total different
concepthanthenew SOLISclearsky moduledescribedn 3.2.2. Theconcepf SOLISis based
on RTM andis moresophisticatede.gprovidesspectraresolhedsolarirradiancedata.However
this studyis importantfor the new SOLIS schemesincethe n-k relationwill be oneoptionfor
thetreatmenof clouds. The usageof aerosolsandwatervapourwill bethe preferredoption of
the new schemejut turbitidy will be usedasadditionalsourceof information®. Additionally
investigation®of luminancedistributionsareanimportanttaskwithin WP3000.

4.4.2 Clear sky radiation

Whenderving radiationcomponentfrom satelliteimagestheknowledgeof aclearsky function
Is necessanyit is usedasthebasisfor mid- andovercastconditionsor to normaliseanempirical
or semi-empiricamodel. This clearsky canbederivedin atheoreticaimatteror semi-physically
fitted on data.We basedur modellingon the latter method.

A widely usedglobal clear sky modelwas proposedoy [Kasten,1984 andhasthe advantage
to be adjustedor local/seasongbrevailing turbidity andsite’s elevation. The problemwith this
modelis it's dependencevith the air massas showvn in 4.5, whereon the left the clear sky
index is plotted versusthe air mass. We [IneichenandPerez2002 developedtwo new
modelsfor theglobalandthebeamclearsky radiation. Thecorrespondingloablclearsky index

is plottedon theright figureversushe airmasqFig. 4.5).

4.4.3 Turbidity coefficient

The key parametein the descriptionof clearsky conditionsis the transmittanceof the atmo-

sphere.This informationcanbe obtainedvia utilisation of well known turbidity coeficientsas

for examplethe Linke turbidity coeficient, or from radiationtransfermodelswith the aerosols
andwatervapouropticalthicknesseasinput parametersTheformercanbederivedfrom beam
radiationmeasurementetworks and interpolatedto createmaps,the latter quantitiesare not

measuredn automaticnetworks,andhypothesison the natureandquantityof the aerosoldhave

to bemadein orderto usethemasaninput.

Linke proposedo expressthe total optical thicknessof a cloudlessatmospherasthe product

1In additionto AOD informationfrom satellite
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Figure4.5: lllustration of air massdependencentheclearsky index, left handtheold model right hand
thenew approach

of two terms, , the optical thicknessof a water and aerosol-freeatmospherdclear and
dry atmosphere)andthe Linke turbidity coeficient which representshe numberof clean
anddry atmosphereproducingthe obsenred extinction. This well known formulation hasthe
disadwantageo be airmassdependenasshavn in thefollowing figures4.6: wherethe turbidity

Figure4.6: Air massdependencef the Linke turbidity coeficient for a stableday (left) and the corre-
spondingafternoonLangley plot

coeficient is representedor a particularstableday. On theright graph,a Langley plot to

illustratethe stability.

Our new formulationcircumwentthe airmassdependencandremainfully compatiblewith the

Linke formulation(slightly correctedoy Kasten).Onfigure4.7,thenew coeficientis compared
to the old formulationfor the samestableday. The corresponding is plottedon the right

figure. Themodelis publishedn [IneichenandPerez 2003.

4.4.4 Ground albedospecularity

The satelliteimage pixels are receved as "raw” pixels which are proportionalto the earths
radiancesensedy the satellite. A raw pixel is first normalisedoy the cosineof the solarzenith
angleto accounfor first ordersolargeometryeffect. Thisnormalisedgixel is thengaugedagainst
thesatellites pixel range functionof thegroundandthecloudalbedo.Whendefiningtheground
albedo,t becameapparenthattherewerestrongdifferencesrom pixel to pixel, associateavith
groundcover andsoil type. The largestcauseof thesedifferenceshadbeenoverlooked within
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Figure4.7: Comparisorof new with old Linke formulation,andthe corresponding

somesolarirradianceschemesor alongtime: ? speculareflectiity of thegroundsurface.This
canbe seenon the figure wherethe normalisedpixel valuesare plotted againstthe day of the
year A tracerepresentinghe smoothedaveragelowestpixel value (or groundalbedoin term
of normalisedcounts)is representedor threeconditions:all day trace,morningandafternoon
trace. This shows thatthe speculareffect of the groundreflexion hasto be takeninto account,
seefigure4.9.

Figure4.8: lllustration: Specularefiectof surfacereflectance

4.45 Luminance distrib ution

Thederiationof thesky vaultluminancedistributionfrom a satelliteimagecomesup againsthe
altitudeof thecloudsin thesky. Thesky vaultseerby themeasuringnstrumenis hemispherical,
andthe satelliteimageis a flat planeover the consideredocation. Therelationof a point of the
hemisphereand the satelliteimageis highly dependenbf the height of the cloud basis. If a
correlationbetweerthe sky luminancedistribution andthe satelliteimagescanbe pointedout, it
canonly bedonewith theknowledgeof thecloudheight. Thebasisof themodelis asymmetrical
luminancedistribution obtainedby a existing model,adjustedwith a functionderived from the
cloudheightandthe pixel spatialdistribution. Figure4.9illustratesthe method.Ontherightis a

2This problemis alsodiscussedvithin the PhD of AnnetteHammer{Hammer 200Q
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Figure4.9: lllustration of the method

extractof a satelliteimage,36kmx 42 km with the correspondingquarepixels. Thegrayvalue
correspondo thefunction[1 - cloudindex] andthe scalegoesfrom O (clear)to 1 (dark). Onthe
left graph,the sky hemispheres projectedon a flat planesituatedat 4400m (basiscloudlevel).
Thegrayscalegoesfrom clearto dark,respectrely 0 to 30°000[cd/m2].
In Geneva, we performeduminancedistribution measurementsomeyearsago. We hadtrouble
with theinstrumentsandareon the way to acquirethis parameteagain.

4.5 Contribution of ARMINES/ENSMP to the HELIOSAT 3 project re-
lated to WP3000

Intr oduction ARMINES hasperformedinterestingproposalsand suggestiorwith respecto
the developmentof the new schemethey have to be discussedurther andit hasto be proved
to what extent they canbe adaptedto the new SOLIS scheme. It hasto be clarified that the
mentionedESRAclearsky model,is basedn atotal differentconcepthanthenev SOLISclear
sky moduledescribedn 3.2.2.SOLISis basedon RTM andis moresophisticated.

Inter nal data needsof WP3000

At to draw attentionon the differencesbetweenthe variousdatato be usedin WP 3000 and
WP 4000with respecto the spatialandtemporalsamplingandthe spatialandtemporalinfor-

mation support,somepropositionswere madefor usingdatafusion methodto overcomethis
problem. Efforts weremadeto collectinformationon the propertiesof variousdatato be used.
The selectionof the methodin datafusiondependsiponthe propertiesaswell asof final use.

Contrib utions to WP3000

ARMINES/ENSMP adwcatedthe use calibratedsatellite data (mW/Sr) insteadof numerical
count. It permitsto expressin a physicalway the equationdor establishinghe groundalbedo.
Thelattercall uponthe ESRAclearsky model(transmittancendpathradiance). It alsopermits
to useknown expressionf cloud radiancego computethe cloudindex. Sincethe calibration
coeficientswill beavailablefrom EUMETSAT, aproposalvasmadeto useradiancessinputsto
thenew solarirradiancecalculationschemeandnot original METEOSAT digital counts.Within

3The ESRAclearsky modelis very differentfrom the clearsky modelof HELIOSAT-3, describedn 3.2.2
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thisproposahlsosuggestionfor animprovemeniof computingthegroundalbedoarediscussed,
especiallyif the pixel is alwayscloudy. Already publishedandvaluesandmapsof the ground
albedocanbeusedto improve theaccurag of the calculatedylobalirradiance.
Somerefinementsveremadein the ESRA clearsky schemepenefitingfrom the SoDaproject.
Efforts weremadeto ensureclosecollaborationwith the consortiumof the SoDa2project. Cli-
matologicalmapsof optical parametersverethusgained:Linke turbidity, 0zoneconcentration
andwatervapouramountfor thewholeworld with a cell of 5’ of arcangle.

HELIOSAT-3 benefitsfrom the actiities madein Sodafor the comparisonandthe selections
of thebestsemi-empiricahlgorithmsfor the computatiorof directanddiffusecomponentérom
globalirradiation. The SoDaalgorithmsmay sene asbaselingor modelinter-comparisorwith
respecto thenew scheme.

ARMINES hasperformeda studyto assesshe benefitof the two visible channelsof MSG (0.6
and0.8 m)to derivetwo spectrakloudindexes,insteadof oneaspresently Thegoalis to reach
abetterassessmerf thediffusecomponenvia bettermodellingof therelationshipgbetweerthe
cloudindex andthe globalirradiation. The RTM SBDART wasusedto simulatevariousoptical
statesf theatmospherandthe signalsensedy satellitein thetwo spectrabands.Differences
betweerthe two seriesof cloudindexeswereanalysed Severalthresholdsof significancewere
definedtakinginto accounof thesensitvity of theradiometelandthetypical rootmediansquare
error (RMSE) attainedby the bestmethodsderiving irradiationfrom satellitedata. The study
demonstratethatthe spectraldifferenceis to smallfor expectinga significantbenefitfrom this
spectrakloudindexesapproach.

Additionally ARMINES proposedan analyticalfunctionfor the brightestcloud albedo, , that
could lead to an improvementin the calculationof the cloud index n, the documentcalled
cloud.albedo.pdis availablefor downloadat:

http://www.heliosat3.de/intern/mid-term

Notes

ESRA is aCD-ROM, resultingfor a projectfoundedby the EC-DG ResearchJOULE program
(ContractJOU2-CTF94-00305).
SoDais aprojectfundedby the EC-DGINFSO,IST program(contractiST-1999-12245).

4.6 Further studiesrelatedto WP3000
4.6.1 Correctionof H20 variations usingthe fitting function

Within this studyit hasbeeninvestigatechow deviationsof H20 from thedaily spatialaveraged
valuescanbe correctedwhereit hasto berecognisedhatin generalthereis no urgentneedto
dothis. Howeverthe studyprovidessomefirst impression®f possibleadditionalbenefitdinked
with theusageof themodifiedLambert-Beerelationdescribedn 3.2. It waspossibleto demon-
stratethattheuseof themodifiedLambert-Beetaw is suitableto correctfor suchdeviationsin an
easymannemwith respecbf H20derivations.ThemodifiedLambertBeerrelationis definedwith
the parametergffective opticaldepthandthe correctionparameter . Basedon the daily values
of H20 this two parametemre calculatedfor a given atmosphericstate(O3,Aerosols).Devia-
tionsof H20 from theassumedilaily valuecaneasilybe correctedor the broadbandvavelength
region, sincethe parameter hasnot to be changed.Justthe effective optical depthhasto be
recalculated.Sincethis calculationsare performedat a SZA of zero degree,and hencefor a
verticalH20O column,calculationandusageof look-uptablesis straightforvard.
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Figure4.10: lllustration of the correctionof H20 deviations. Thevaluesderivedwith the MLB relation

are compaed for different H20 amounts.H20 is specifiedn ppm (parts per million) Thecorrections
parameter hasnotto bechanged. Recalculatiorof theeffectiveoptical depthleadsto a goodagreement
betweerMLB valuesandthe explicit RTMrunsfor thesame

Similar investigationgor Aerosolswill be donein the nearfuture, but it seemgeasonabl¢hat

in generalit is possibleto correctdeviations of one parametemwith the describedprocedure.
Sucha correctionappliedto aerosolsvould belinkedwith animportantadvantagesincethe site

specificuseof groundbasedaerosoimeasurementAERONET) would be easypossible.Since

this studyis still underprogresdinal conclusioncannotbedrawn.

4.6.2 Miscellaneous

H.G. Beyer hasperformeda studyinvestigatingporoblemsdealingwith satellitebasedsolar
irradiancecalculationsjn particularwith the calculationof the diffuseirradiance.

Somefirst work hasbeenperformedrelatedto the designof the scheme. It shouldbe
modularandmostprobablythe usedlanguagewill be C++.

With respecto WP3040Pierrelneichenfrom UoG will searchfor appropriatemeasure-
mentsof theangulardistribution of irradiance.

Within WP3000R. Mueller providessomefirst suggestion$or thetreatmenof the calcu-
lation of angulardistributedlight.

4.6.3 Radiative Transfer models

BernhardMayer (DLR-Institute of AtmosphericPhysics)providedinformationaboutthe
radiative transfermodelslibRadtranandMYSTIC. In additionR. Mueller (University of
Oldenturg) provided the partnera summaryof differentRTMs andtheir features,docu-
mentedn delivery D2.

It wasdiscussedvhich RTM modelis mostappropriatefor our purposes.The partners
engagedn the developmentof the solarirradianceschemesagreedthat for clearsky or

homogenousloudsituationsSBDART or libRadtranareappropriatenodels.lt wasnoted
thatthe option of usingthe correlated-kmethodis a greatadvantageof libRadtransinceit

decreasethe calculationtime significantly
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For the study of heterogenousloudsthe Monte-Carlomodel MYSTIC or SHDOM are
favourable.

As aconsequencef thisdiscussiorthe RTM libRadtranwill be usedwithin the clearsky
schemethe model SHDOM hasbeenusedin orderto investigate3d-cloudeffectson a

sub-pixel scale.
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Chapter 5

Project Organisation

5.1 Actionsrelatedto disseminationand userinformation, WP7000
5.1.1 Scientific publications and conferencecontributions
Overview - Agreement
The publicationpolicy wasdiscussedeadingto thefollowing agreement:
— In generalpresentation®f the HELIOSAT-3 projectall participatingscientists(all

scientists’contributing” to the project)will be mentionedasauthors.

— In special'technical” descriptionsoncerningspecificwork packagesnly thescien-
tistswho directly contrituteto thework will be mentioned.

— A universalruleis difficult, hencein any caseof disagreementoncerninghe author
list afaithful andfair discussiorshould/shaltake place.

— All partnersshallbeinformedaboutpublicationsjncludingspeciatechnicaldescrip-
tions,sothatthe partnershave the possibilityto commenbniit.

In orderto promotethe HELIOSAT-3 project presentation®f our work in journalsand
conferencesreaimedfor.

In the secondhalf of the projectpublicationsin internationaland nationaljournalsfor a
broadreadershige.gWind Paver Monthly, Sonnewind Warme)areplanned.

Conferencecontributions ARMINES hasparticipatedin conferencegEARSel 2002, GO-
DAE 2002,EUMETSAT 2002)in orderto promoteHeliosat-3.EHF haspresentedhe concept
of the new HELIOSAT-3 scheman talks at the EARSeland EUMETSAT conferencg2002).
Thesecontributions were also submittedand publishedas a paperwithin the conferencepro-
ceedings.

Scientific publications Currently two publicationsin scientific journals are in preparation
(University of Oldenturg, University of Bergen). Two publicationshave beenpublishedalready
in conferenceroceedings.

5.1.2 Miscellaneous

ARMINES is actively discussingwith several communitiesof usersto encouragehemto take
up the satellite-denvedtime seriesascurrentpractices.
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Sylvain Crossfrom ARMINES/ENSMP worked at the EHF (University of Oldenlurg) from
April to July2002.The Deutsche”AkademischeAustauschdiengndARMINES/ENSMPsup-
portedthis stay Knut Dagestadrom UIB has”visited” the University of Oldenlurg (EHF) for
oneweekin orderto enablentensve discussionselatedto thedevelopmentof the SOLIS cloud
module.In detailthe following topicshave beendiscussed.

Concepiof the 3-D cloudmodelling.
Empirical studiesrelatedto the cloud module.

"Work-sharing”"betweerUniv. of BergenandUniv. of Oldenturg.

5.1.3 Internet presentation
Intr oduction

During the lastyearselectronice-mailandinternetweb pageshave becomamportantandpow-

erful toolsconcerninghe communicatiorandthe transferof informationin thefields of science
andeconomy Internetwebpagesllow afastandeffective way of providing information.Hence
Internetrepresentatiorof the HELIOSAT-3 projectis a centralkey for the promotion of the

projectto the public andespeciallyfor the transferof informationbetweerthe projectpartners.

The HELIOSAT web pageis availableat http://www .heliosat3.de Thewebpagewill beregu-

larly updatedcandimproved.

Layout concepts

Thelayoutconcepis characteriselly theneedo providetheuserinformationin aclear pleasing
andeasyhandlingmannerandavoiding electronictext or pictureoverflow.

For this purposea consistentivision of informationin differenttopicsandsubtopicshasbeen
performedJinkedwith the possibility of aneasyandclearnavigationbetweerthesetopics.

In figure 5.1 the principlesof theweb pagelayoutandnavigationis illustrated.

The contentsof the differenttopics, resultingfrom the division of the information, are briefly
describedn the subsequerdgections.

The topics of the Inter net representation

The project topic  Within this topic (andits subtopics)the projectis described.At the main
pageaprojectoverview is provided,in the subtopicsthe projectis presentedh moredetail. The
subtopicsare:

objectives theobjectvesof the projectaredescribedn detalil

consortium; the partnerscooperatingn HELIOSAT-3 arelisted joined with the link to
their home-page.Henceevery visitor can reacheasily the home-page®f the partners
wheredetailedinformationis provided.

timetable; ata glancethetimetablefor the HELIOSAT-3 projectis diagrammed.

The newstopic Hereimportantnews in conjunctionwith the HELIOSAT-3 projectare pro-
vided, e.g.the currentstateof the Ariane5launches.
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The main panel, clicking the text buttons leads the user
to the main topics.
the project  news jobs links documents intern The buttons for the sub topics
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Figure5.1: Theprinciplesof thewebpage layoutand navigation

The link topic Links to otherweb pageswhich bearrelationto the HELIOSAT-3 projectand
shouldbe of interestfor partnersandusers.

Thejob topic Links to webpageghatoffer jobsin geosciencagenavableenegiesandrelated
fields. More overjob offersfrom the HELIOSAT-3 partnerscanbe placedhere.

The documenttopic Containsdocumentsof public interestconcerningthe work of the HE-
LIOSAT project.Containsalsoconferenceontributionsandwill containHELIOSAT-3 publica-
tionsin reviewedjournalsin the nearfuture.

The intern topic Theintern pageis just for internalusefor the partnersof the HELIOSAT-
3 consortium. As a consequencéhe useof this pagerequiresthe knowledgeof a username
anda password (heliosat3,meteosat).Information,documentsand publicationsof interestfor
the partneror the EC are placedherefor downloading. The partnersare informed aboutthe
availability andcontentsof the documentwia e-mail. Hencethe internpageis animportantkey
for our communicatiorandcooperation.

Forthcoming topics Associatedwith the further developmentof HELIOSAT-3 more topics
will beadded.This especiallyis plannedo enableanintenseinteractionwith theuserscommu-
nity. As soonasthe work on exampleapplicationshasstartednews aboutthe progresswill be
disseminatedegularly.
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5.2 Work plan and time table review

The maingoalsanddeliverablesof the first half of the projecthave beenperformedwithin the
time scheduleof the project. Up to now no needfor a redefinitionof the project programis
given. Justa shift relatingto the startof sub-packag&/P3030hasto be done. This shift is just
relatedto the startof the project,theendis expectedo benot effected.Sincethelaunchof MSG
was postponedeferring to the original launchdate,someinternal reoiganisationof the work
sequenceswvithin the work packagesvasnecessaryHowever, so far this hasno effect on the
milestonesof the projector the projectprogram,sincethe partnerhasmanagedhe "problem”
very professional Additionally, MSG hasbeenlaunchedsuccessfullyat endof August2002,so
MSG datawill beavailablefor theusagewithin thefinal versionsof the solarirradiancescheme.
Consequentlyhetime schedulef thework packageslealingwith validationandexampleappli-
cationsaswell asthetime scheduldor thefinal versionandprototypesof theretrieval schemes
(atmospheridataandsolarirradiance)have notto be changed.Table5.1 providesan overview
of thedeliverableswithin thefirst half of the project.

Deliverable Deliverabletitle Due: | Delivered| Comments| Dissemination
No. andWP level
D1: WP1000 | Detailedmanagementlan | 1 (1) seeA CO
D2: WP2000 Compilationof data 1 1 seeB CO
requirements
D3: WP7000 Internetpresentation 4 4 seeC PU
of the project
D4: WP7000 Disseminatiorplan 6 (7) seeD CO
D5: WP7000 Scientificpublications 12 - seeE PU
D6.1: WP2020| Cloudprocessingcheme,| 15 15/18 seeF RE
working version
D6.2: WP2020 retrieval scheme, 15 15/18 seeF RE
working version
D6.3: WP2030| Aerosolsparametrisation| 15 15/18 seeF RE
schemeworking version
D6.4: WP2040| Ozoneprocessingcheme,| 15 15/18 seeF RE
working version
D7: WP7000 | Mid-termprogresseport | 18 18 seeG RE
D81: WP7000| Softwarepackagdor solar| 18 18 seeH RE
surfaceirradianceretrieval,
clearsky working version

Tableb5.1: List of deliveableswithin thefirst 18 monthandtheir status

Comments

A: Oral presentatiormuring the kick-off meetingbasedon the descriptionof work, anaccompa-
nying procesgluringthewhole project.
B: Reportsubmittedto the EC andto the partner

C: Thelnternetpageof the HELIOSAT-3 projectwasavailablebeforethe endof projectmonth
four. Thelnternetpageis updatedegularly. A reportdescribinghewebpagehasbeensubmitted
totheEC.
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D: Oral presentatiomluringthe 2nd meetingbasecdn the descriptionof work, anaccompaying

processiuringthewhole project.

E: Two publicationsin scientificjournalsare currentlyin preparation.Two papersare already
publishedn conferencegroceedings.

F: Working versionswere readywithin the 15th month and available for the partnersof the
consortiumon requestReportsdescribingthe working versionsof WP2000areprovidedwithin

the mid termreport(month18), seesection2.3 - 2.6. Exampledatasetsbasedon the working

versionof D6.1-D6.2hasbeensubmittedto thework packagdeaderof WP3000- Development
of solarirradiancecalculationscheme.

G: The mid-term progresseportis submittedto the EC. It is availablefor the partnerandthe
public at http://www.heliosat3.de/documents/migrm-rep.pdf

H: Thereportdescribingthe working versionin detail is part of the mid-termreport. A brief

descriptionwill besubmittedto the EC asanextrareportaswell.

5.3 Technicalissueselatedto WP2000/3000

A workshopfocusingon the technicalissueswith respecto the operationaimplementa-
tion of theschemewill be performedon Wednesdayhe 11thof Decembef002.

Dataformats: CurrentlyHDF4 is the favourite dataformat for the retrieved atmospheric
parameter First testswith respectto the import, read-inand visualisationof the atmo-
sphericdatain HDF formathave beenperformedusingthe softwarepackagehdfvien. A
introductionin thework with HDF formatedfileswill beperformedoy theDLR within the
technicalwork-shopof the mid-termmeeting.For detailsabouthdfviev see:

http://hdf.ncsa.uiuc.edu/hdfya-html/hdfviev/

All partnersagreethat Oldenlurg shouldactasexternalDLR back-upsite for partsof the
MSG raw data.

5.4 Preparativework in WP5000

With respecto thevalidationof solarirradiancecalculationschemeno major preparatre actii-
tieswereperformedmostlydueto thedelayof the obtentionof MSG data.However, ARMINES
proceededvith a constitutionof a climatologicaldatabasenitiated by the SoDaproject. This
databasenay serne asa baselineto assesshe accurag of statisticalpropertiesof time series
derived from the processingof MSG data. UIB will preparea sessionn the next meetingin
orderto enablea goodandefficient startof the work within WP5000.

5.5 Preparativework in WP6000

Shortcominggindexpectedmprovementswvith exampleapplications

5.5.1 Remoteperformancecheckfor grid-connectedPV systems

Existing procedure

Fromthe continuousreceptionandprocessinggf METEOSAT images site specifictime series
of globalhorizontalirradiationdataareproduced For Mid-Europearcountriesthe METEOSAT
imagesoffer a resolutionof approx. 2.5x 4.5km ; theimagesare availablein 30-minutesin-
tenvals. The horizontalradiationdataare calculatedrom the pixel valuesin the visible channel

54



of the satelliteby following a modified HELIOSAT method. Thefinally usedglobalhorizontal
radiationdatashow a time resolutionof 60 minutes. For the remoteperformancecheckof grid
connectedPV systemsa systemmodelpreparedvith configurationdataof the desiredPV sys-
tem calculateamonthly enepy yields. Sincethe site specificglobal horizontalirradiationdata
derivedfrom the METEOSAT imagesareusedasinput into the modelfor this purposeno fur-
thermeasuremerdevicesarerequiredto beinstalledatthe site. The conversionfrom horizontal
irradiationdatainto tilted planeirradiationdatais donein the systemmodelby takenlocal hori-
zonobstructioninto account.The performancecheckproceduras automatedo a high degree.
A databasecontainsthe actualconfigurationdataof all participatingPV systemsandafterthe
monthly processingf the irradiationdatafrom the METEOSAT imagesthe routinecalculates
themonthlyyieldsfor all clientsby loadingthe systemmodelwith the correspondingonfigura-
tion andirradiationdata. Thesecalculatednonthly yields may thenbe comparedy the system
operatomwith hisreadingdrom theenegy meterto checkthesufficient operationof the PV sys-
tem. Theprocedurevasdevelopedandtestedwithin the EU projectPVSAT (JOR3-CT98-0230)
andis currentlyappliedunderthelabel SAT WATCH for all new customersof SHELL SOLAR
in Germayy.

Shortcomingsof the current method

The backscattesignal of a selectedcpixel from the METEOSAT imagemay consistof ground
areaswith clearsky andof areaswith cloud cover within this pixel. An averagecloud coveris

thencalculatedor this pixel andtime interval. Dueto the strongnonlinearfunctionsappliedto

determinethetilted planeirradiationfrom the averagehorizontalirradiationvalueon a selected
site within this pixel, significantdeviationsas comparedo groundmeasuredilted irradiation
datamay occuron hourly base. This is still true, evenif the daily horizontalcalculatedand

measuredadiationsumsarein goodagreementThisis a systematierrorof theroutine,which

furthermoreaffectsthe influenceof the horizonschemeon the availableradiationaswell. It is

estimatedhattheirradiationcalculationerrorfrom the satelliteimagescontributesin termsof a

nearlyconstanbffsetin uncertaintyto the overall uncertaintyin enegy yield calculationof the

routine. Thus,theyield calculationuncertaintyconsistof:

irradiationuncertainty(approx.0.2kWh per  andday)
uncertaintyfor radiationcorversionandhorizonscheme

uncertaintyfor systemcomponentescription.

Thefinal averageuncertaintyin the enepy yield calculationin this procedurds estimatedo

10 kWh per kWp installedPV power on a monthly base(minimum uncertaintyfor very well
describedandpositionedsystems: 7 kWh perkWp installedPV power permonth). Thetable
below lists the estimateduncertaintiesn the daily enegy yield versusdifferentdaily radiation
sums.

Theabore mentionedincertaintyimpliesthatin generalfor aPV systentonsistingof 10strings,
afailure of 2 stringsmay be detectedbut afailure of 1 stringonly underfavourableconditions,
i.e. in monthswith high irradiationavailability. An errordetectionin periodsclearly belon one
monthis not possibledueto high uncertaintiesn theirradiationtime serieson hourly base.

Benefitsto be expectedusing METEOSAT SecondGeneration (MSG) data

Thehigh spatialresolutionof the MSG imagedqaboutl x 1 km ) aswell asthe hightime resolu-
tion of theimagesof 15 minuteswill supporta more precisedeterminatiorof globalhorizontal
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| Daily horizontalradiationsum 12.0[3.0/4.0|6.0|
Overallyield calculationuncertainty

in % of daily enegy yield 13| 8| 6 | 5
Yield calculationuncertaintyin
in % of daily enegy yield 8| 55| 3

(not consideredadiationuncertainty)

Table5.2: Overviev: uncertaintiesof the currentmethod

time series,and,especiallya moreprecisedeterminatiorof thetilted irradiationdata,sincethe
probability of averagingbetweenclearsky areasandcloudy areasn the pixel hassignificantly
decreasedAdditional channeldesidethe visible channel(e.g. the infrared channels)may be
usedin theradiationprocessingoutine. With this high definedirradiationdata,the uncertainty
of themonthly enegy yield calculationis expectedio bereducedo approx. 7 kWh perkWp
installedPV power on anannualaverageandfor very well describedandpositionedPV-systems
to 5kWh perkWp installedPV power on anannualaverage.Thisis equvalentto anincrease
of informationaccurag of approx. 25 %. Yet not only on monthly basethe increasen perfor
mancecheckquality is evident: the expectedhigherprecisionin theirradiationtime seriesmay
allow for performancecheckperiodsbelov onemonth,e.g. for periodsof onedayor at leastof
few days. This shavs the ability of the routine,to reducethe error detectionperiodsextremely
whichin turn mayresultin savingsof abouton monthsfeed-inrevenuein caseof afastdetection
of asystemerrorascomparedo the currentmethod.

Examples

The successoof PVSAT, the Shell Solar SAT WATCH routine, will clearly benefitfrom im-

proved irradiancevalues. Unfortunately thereis no feedbackchannelfrom the PV plant op-
erator (the Shell Solar client) to the SAT WATCH operatorgFraunhoferSE). Therefore,the
improvementsin accurag dueto HELIOSAT-3 may not be obsered directly within the SAT

WATCH routine. Neverthelessanimproved performanceheckroutine,usingMSG irradiation
data,couldbeappliedto atleastonewell monitoredgrid-connectedPV systemge.g.theroof-top
systemat Oldenhurg University This systemwas alreadypart of the PVSAT testphase. For

this systemmonthlyanddaily calculated-adiationsumsandenegy yieldsmay be comparedo

monitoreddata. Thus,theincreasean accurag comparedo formertestdatamay be evaluated.
Probably more PV systemsownedby researchnstitutionsor by utilities could be recruitedas
furthertestsystems.

Data needsfrom WP 3000

The geographicahreashouldcover all land surfacesin Europe. The time frameis continuous,
datais neededhearonline (atthe moment,anhourly time seriesof irradiancevaluesis prepared
onthefirst working day of thefollowing month). Theresolutionshouldbeidenticalto the nomi-
nalresolutionof MSG,i.e. 1 x 1 km . Themodelsor outputsneededarethoseprovidedby work
package8020(all sky solarirradiancecalculationscheme)3030(diffuseanddirectirradiance
components)and3040(spectrallyfilteredirradiancewith respecto solarcell response).
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5.5.2 Solarthermal power plants and daylighting

In a similar manneras describedn the above section5.5 outlineshasbeenperformeddeal-
ing with the shortcomingsandexpectedimprovementsof exampleapplicationgelatedto solar
thermalpower plantsand daylighting. The completetext is documentedand available at the
HELIOSAT-3 home-pagsevithin theinterndirectory(usernameheliosat3passverd: meteosat).

http://www.heliosat3.de/intern/mid-term/WP60®érspectie. df
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Chapter 6

Annex

6.1 Technicaldescription: Working version of the clear sky scheme

A working versionof the clearsky scheméiasbeenperformedwithin the HELIOSAT-3 project.
With respectto the contents,the working versionis describedn section3.2. Heretechnical
issuegelatedto the useof theworking versionareexplained.

6.1.1 Installation steps

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

Operating system Theworking versionis designedor Linux or Unix operatingsystemslJs-
ing a machinebasedon theseoperatingsystemss emphaticallyrecommended.Runningthe
programunderthe Microsoft Windows operatingsystemis linked with a lot of problemsand
principle restrictionsandis thereforenot recommendedyut possible.For the working version
no supportwill be suppliedfor computerrunningon the MS-Windows operatingsystem. The
CYGWIN softwareis necessarprerequisit€http://sources.redhat.conyfgwin) to getthework-
ing versionrunning. CYGWIN is a UNIX ervironmentfor Windows developedby RedHat.

Software requirementsand installation

Usuallyneededstandardsoftware:

awk,bash,gcc,f77, andsomelibraries

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

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 packagananagewof therespectre distribution, (e.gSUSE
Linux, Yastcanbeusedto installnetcdfDEBIAN: dselecicanbeused).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 thereshouldbe no problemto find aappropriateRPM
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/irdétmi
andmoredetailedinformationhow to install netcdfis availableat:

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

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
libRadtranpackagecanbe downloadedrom the official 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 atarfile calledsolis-tools.tamandcanbe downloadedat:

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

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 be onyourmachine.

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

Copy thefile in the sub-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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6.1.2 Running the clear sky module

Currentlythewhole clearsky moduleis operateddriven)with onecentralscript.

In the first part of the script the necessarynput parameteffor the radiatve transfermodelli-

bRadtrararedefined.Informationrelatingto the formatandthe definition of this parametecan
be foundin the libRadtranuserguide. In principle the usercanleave or bettershouldleave all

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

respecto the givenatmospheristateandthe desiredwavelengthregion:

h2o m xing ratio 3350 # H2ZOmxing ratio in the | owernost |evel

aerosol season 1 # Sunmer season

aerosol haze 4 # Aerosol type bel ow 2km

aerosol _visibility 50.0 # Visibility,
or alternatively for the new
| i bRadtran version

aerosol set tau 550 # Set the aerosol optical depth at
550 nm ot her wavel engt hs are scal ed
accordingly

ozone_col um 300. # Scal e ozone columm to 300.0 DU

wn 307 3001 # Wavel engt hs consi der ed

libRadtran providesdifferentformatoptionsfor thedefinitionof thesequantitiesg.gfor aerosols
theuseof Angstromcoeficientsinsteadof the definitiongivenaboveis possible.

For thefinal versionthe developmentof a GUI interfaceis aimedfor. Additionally aninterface
for the operationalnput of atmospheridata(HDF format) will be developed.

In thesecondoartof thescripttheawktoolsarecalledup. Thesetools performthe calculationof
the effective optical depthandthe correctionparameter . With theseinformationthe modified
Lambert-Beerelationandtheravith thediurnalvariationof theclearsky irradiancas completely
defined.Within the scriptof theworking versionalsoplotsarepreparedhatcomparehediurnal
variationdefinedoy MLB with theexplicit modelruns. The plotsaresavedin a postscripffile.
Thedefinitionof theinputparameterss thefirst step.After thatthewholemodelcanbeexecuted
simply by thecall:

kato.sh directory-nane fil e-nane

wheredirectory-namendfile-namecharacterisethe outputdirectoryandthe outputfiles, e.qg.
kato.sh outdir nyfile

will safethe "output” files myfileinp, myfileout, myfile-l.out,myfilepsin the outdir directory

Thefilesmyfileoutandmyfile-l.outprovide theresult(output)of themodelrun. myfileinp shows

againtheinputdefinedwithin theshellscript. Thisinputfile of arespectre runis saszedtogether
with the outputfiles in the outdir directoryto enablea bettercontrolling and archving of the
results.Thefile myfilepsin theoutdir directoryis the postscripfile containingthediagrams

Output of the clear sky module

The outputof the clearsky modulearespectrakresohedglobal, directanddiffuseirradianceon
the earthsurface. Thediffuse,directandglobalirradiancearesavedin thefiles endingwith *-
l.outand*.out (e.g. myfile-l.out myfileout). The*-l.out file providestheinformationof thesolar
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irradiancefor the differentwavelengthbands(spectralselectve solar radiationdata, radiation
datafor eachwavelengthband).The*.out file containghevaluesfor awholewavelengthregion
(broadbandadiationdata, integratedover several wavelengthbandse.g. 306-3001nm). The
irradiancegiven for the wavelengthbandsis the irradianceintegratedwithin the wavelength
band.

Thewavelengthregion canbe selectedy the user(it hasnotto be 306-3001nm), in accordance
to thewavelengthbandsdescribedelow.

Wavel engt h bands for the Kato et al.
correl ated k-techni que

[ 1999]

#
#
#
# Col ums:
#
#
#

1 band nunber
2 start wavel ength [um
3 end wavel engt h [ un]
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 7.426139e-01
18 7.426139e-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
30 3.001893e+00 3.635417e+00
31 3.635417e+00 3.991003e+00
32 3.991003e+00 4.605654e+00
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Theformatof the outputfiles is describedn detailin thelibRadtranmanual Herethe formatof
the*.out file is outlined.

Exampleof anoutputfile:

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

6.1.3 Outlook: The modular conceptof the scheme

Theintegrateduseof the RTM within theclearsky moduletogethemwith automaticallyprovided
spectralinformation are an optimal basisfor a modulardesignof the scheme(final version).
Sincedifferentapplicationsvary with respecto the necessarynput andoutputinformationin-
cludingdifferentwavelengthregions,a modularconcepts linkedwith alot of advantagesThe
currentway of runningthe clearsky moduleis briefly describedn sections6.1.2. For thefinal
versionaninterfacefor the operationainput of the atmospheridatawill be developed.An ob-
jectorientedprogrammindanguagdik e C++is well suitedto developsuchaninterface.Further
detailsconcerningthe interface betweenthe C++ basedframefor the solarirradiancescheme
andthe atmospheriadatawill be discussedt the technicalworkshop,which will be held on
Decembethe11th 2002.
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6.2 Userrequirementson solar data
6.2.1 Intr oduction

This documentoriginatesfrom the project SoDa,supportedoy the IST programmeof the Eu-
ropeanCommission.The SoDausersrequirement®riginatethemselesfrom several sources.
Thesesourcesre:

Documentatiorand/orinformationon userrequirementgrom solarenegy datavendors:
EcoledesMines de Parisand Meteotest.Thesedataandinformationconstitutethe base-
line aswell asthe productsdevelopedby thesevendors:EuropearSolarRadiationAtlas
(ESRA)andMeteoNormwhich areusedby a qualifiedmajority of solarenegy datausers
in Europe,

Outcomeof informal oral consultationwith key playersin the solarenegy field. All con-
sultationtook placeduringtheyear2000. This consultatiortook placeatfairs,conference,
andvia directcontactghroughe-mailandtelephone,

The Satel-Lightsener, afollow-onof the projectSatel-Lightsupportedy the programme
JOULE of the EuropearCommission,

Publicly availabledocumentationfrom diversesources.This documentationncludesthe
CIBSE UserGuide(Charterednstitution of Building ServicesEngineerof UnitedKing-
dom)

TheEuropearSolarRadiationAtlas (ESRA)is commercialisedby the EcoledesMinesde Paris.
Thenumberof usersconsultedor thedefinitionof the ESRAuserrequirementss approximately
30. They werecontactedhroughthe administratiorof a closedquestionnairandfurtherinter-
viewed by phone. The ESRA benefitsfrom the experiencegainedby the salesandrealisation
of the threeprevious editions. ReferenceB. BourgesandL. Kadi: "EuropeanSolarRadiation
Atlas: Userneedsandspecifications.A reportto the EuropeanCommission”,ContractJOU2-
CT94-0305EMN/ESRA/D0c6.95,95 p., EcoledesMinesde Nantes France 1995.
Thecreationof the 4th edition of the EuropeanSolar RadiationAtlas, directedby the Commis-
sion,compriseda survey of the uses requirementstakinginto accountthe experiencegainedin
thesalesand useof thethreepreviouseditions. Thisdocumenteportson this surve.. Thepanel
was composef representative®f companiesand institutesinvolvedin solar systemdR&D,
salesandinstallation,sincetheseare the major part of the customes targetedby the ESRA Ef-
fortshavebeenmadeto survey theneedsof companieandinstitutesdealingwith the production
of biomassfor the productionof enegy and further to the needsin agriculture crop prediction
and agro-meteoology. Theseuses requirementsplayedan importantrole in the collection of
the meteoological data, creation of the databasesnd the designof the exploitation softwake.
Amongothers, they led to the developmenbf methoddor the combinationof satellite-derived
estimatesand ground-basedneasuementsof solar irr adiation, sinceit wasthe uniqueway to
answerthe customes requests.Therequestslependuponthe typology of the customer How-
ever, there are cornvergencedor requestinga completegeagraphical coverage (not only sparse
measuringstations),time-seriesf daily global irr adiationsand of air tempeatures,and also
climatological meansof several meteoological parametes.

METEONORM, producedand commercialisedby Meteotest. The numberof usersconsulted

for thedefinitionof the METEONORMuserrequirementgareapproximately300andwerecon-
tactedthroughthe administrationof a closedquestionnaireand further interviewved by phone.
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The surney was performedby the compaly PolyquestAG, in Bern, Switzerland. Reference:
RomanScherrer’NeukonzeptionMeteonorm- Bedirfnisanalyse” 1992, internalMeteoteste-
port.(in German).Thisdocumentontainsthe userrequirementsand their analysiscarried out
for thedefinitionof METEONORMuserrequirements.

SATEL-LIGHT, developedby ENTPE.The numberof usersconsultedor the definition of the
ENTPEuserrequirementsreapproximately200andwerecontacted¢hroughtheadministration
of a closedquestionnairandmeetings Reference:

Beyer H.G., DumortierD., Fontoynont M., HammerA., HeinemanrD., IneichenP,, OlsethJ.,
PageJ., ReiseC., Rochel., Skartweit A., Wald L.: "SATEL-LIGHT: processingpf Meteosat
datafor the productionof high quality daylight and solar radiationdataavailable on a World
Wide Web Internetsener”. Final Report, EuropeanCommission,JOR3 CT95-0041,1999.
http://www.satel-light.com.

In this project,welooked at satelliteimagesasa wayto producethe informationneededor the
designof daylightingsystems\We showedhat Meteosaimagescould provide daylightdata ev-
ery half-hourwith enoughaccuracywith a resolution(5 kmby 7 km)which wouldbeimpossible
to readh with a networkof groundstations.We processedwo years of satelliteimagesandmade
theinformationavailableon an Internetwebserver To insure the adequacyof the information
to the needsof the building designcommunity we organisedtwo workshopsduring which the
objectivesof the projectand a prototypeof the web serverwere presented.Thefeedbak from
thepotentialusels wasverypositive They recaynisedthatthe projectwasprovidinginformation
that had beenmissingfor years. They expressedheir concernregarding the short-termperiod
covered by the dataandwith the fact that other parametes sud astempeature would be miss-
ing fromthe database SoDawill providean answerto theseshortcomingsTheworkshopsalso
helpedusin definingtheinformationmosthelpfulto theusess. Sincel999,the Satel-Lightserver
is upandrunning, uses are invitedto commenbn it andto ched the progressof SoDa.

DaylightingAtlas

AsimalkopoulosD., CanalhoL., Chauwel P, CzeplakG., DumortierD., FontoynontM., Kittler
R., Littlefair P.,, PageJ., Perraudea., PetrakisM., TregenzaP,: "Availability of daylightin
Europeanddesignof a daylightingatlas”. Final Report,EuropeanCommissionJOU2CT92-
0144,1995.

This projectfocused1) on the analysisof the availability of daylightin Europeon the basisof
ground measuementsmadeby eat partner (2) on the designof an atlas geared toward de-
signess of daylightingsystemsThedesignof theatlasshowedhatlong term (10 years) daylight
availability informationover Europewasnon-«istent. Theefore, wehadto relyonmore generl
solar radiationinformation (i.e. usedfor solar thermalsystems)Thiswasfrustrating because
hourly information (variability is extremelyimportantfor daylighting)wasavailableonly for a
few sitesin Europeand whenavailableit was extremelyexpensive The SODA IS would have
beenat that time extremelyvaluable We endedup dividing Europeinto 5 zoneswith oneor two
sitesfor eat zone We agreedon the basicclimaticinformationneededor daylightingdesign.

Bucher K., G. Kleiss, D. Batzner K. Reiche,R. Preu,P. RagotandD. Heinemann:"Realistic
PV Efficienoy Map: Europeanwide Evaluationof PV-Modules”, 14th EuropeanPhotovoltaic
SolarEnegy Conference30 June- 4 July 1997,Barcelona268-271(1997).

This paperreportson an EU-ALTENERprojectdealingwith the definitionof standadisedref-
erenceconditionsfor the performanceof photovoltaic solar cells. Solarradiationand ambient
tempeature are themostimportantfactorsidentifiedby the project. In its realisation the project
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suferedfromthe unavailability of combined-adiationandair tempeature data. TheSoDaser
vicewouldhadbeenof greatvaluefor thistask. Thisprojectis a goodillustration of manyother
projects,whete significantamountf the projectbudget are spentonly to providethedatawhich
are necessaryor the mainwork.

Brosamle,H., H. Mannstein,C. SchillingsandF. Trieb: "Assessmenbf Solar Electricity Po-

tentialsin North Africa Basedon SatelliteDataanda Geographidnformation System”. Solar
Enegy, 70,1-12(2001).

A perfectexampleof whatkind of informationis necessaryor compehensivenvestigationsof

a new solarenegytecnology (here: solarthermalpowerplants). Differentinformationhaveto

beknownat thesametime; amongthemare meteoological data(radiation,air tempeature) but

alsogeagraphical, demaraphic andinfrastructue information. Theresultsare real economic
figures($¥kWh).

A similar work hasbeenfundedby the EuropeanCommissionfor the isolatedsites: SolarGIS
(DG XII, JOULEII, JOU2-CT94-04391993-1996)Integrationof renavableenegiesfor elec-
tricity productionin rural areas”.

Thepurposeofthe SOLARGISnethodolgyis to leadat a regional scalecompehensiventegra-
tion studiesthroughthe useof an adaptednformationenvironmentthatincludes:a Geagraph-
ical InformationSysten{GIS),which allowsa propermanaementof the differentgeagraphical
information layers and a set of tedhnical and economicalevaluation tools, linked to the GIS
database Oneof the major problemsencounteedfor the applicationto Tunisiawasthelack of
dataonthesolarradiation. More information: http://www-ceneg.cma.fr/%7Est/solgis/

The project MORE-CARE is building uponthe project SolarGIS.lts title is "more advanced
controladvicefor secureoperationsf isolatedpower systemswith increasedenavableenegy
penetratiorandstorage”.lt is financedby the EC: DG XllI, JOULEIIl, ERK5-CT1999-00019,
2000-2003.

The co-ordinators recanisedthat the lack of meteoological data createsinterferencewith the
exploitation of the outcomesThisis true to manyprojectsin the JOULE program. More infor-
mation: http://www-ceneg.cma.fr/moe-cae/

ReiseC. "Solar RadiationDataRequirementi the SolarEnegy Business”jnternalSoDadoc-
ument,March 2000.

PageJ. "Contribution on SoDaUserlssuesn the Constructionindustry”, internal SoDadocu-
ment,March2001.

6.2.2 Solar Energy Engineering
TestReferenceYearsand DesignReferenceYears

TestReferencerears(TRY) andDesignReferencerears(DRY) arespecialtime-seriesof me-
teorologicalandradiationvaluesextractedfrom continuousobsenationsspanningseveralyears
(ten or moreyears). TRYs and DRY's aremadeup of several parameterghourly values)from

twelve monthsselectedfrom differentyears. Thesereferenceyearsare typical years,which

meanghat every monthis selectedaccordingto criteriabasedon the statisticaldistribution of

the parametersThey areusefulfor applicationswheredaily dataare sufficient for the simula-
tion and studies. Many modelsuse TRYs or DRYs asinputs. Formatsof the datashouldbe
standardizedh thatrespect.
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The mainreasorfor constructinga referenceyearfor a particularsite is to give industrialengi-
neers,consultantsarchitects,andresearchnstitutionsa standardisedetof climate datato be
usedasinput datafor computersimulationsof complicatedsystemaeedingmorethanonecli-
mateparameterand normally also containingnon-linearity Referenceyearswith hourly data
areoftenusedfor calculationf indoorclimate,building enegy consumptioror enegy consef
vation measuresor performanceof solarenegy systemshowever mary otheruseshave been
obsened. Suchreferenceyearsdescribea typical year They arenot suitablefor tasksin which
weatherextremesoccurringwith frequenciedessthanonceperyeararerequired.

As aminimum,aTRY shouldcontainfor eachhourdry bulb temperaturea humidity parameter
suchasdewpointtemperaturer relatve humidity, globalanddiffuseirradiance preferablyalso
direct normalirradiance,wind velocity, all storedagainstthe month, day andhour Sunshine
duration,sometime®nly availableasa daily value,or wind directionduring the hourareoften
availableandcanbeincorporated.

Preferreccontentof atestreferenceyear
StationWMO identifier
Time indicatorfor irradiationmeasurements:

local standardime (L) or truesolartime (T)
Dry bulb temperaturein 0.1C

Meanhourly globalirradiancejn W m
Meanhourly diffuseirradiancejn W m
Meanhourly directbeamnormalirradiancejn W m
Sunshineduration,in minutes

Relatve humidity, in percent

Wind speedjn 0.1ms

(Year),month,day

Hour, local standardime, 01-24

Meanhourly long-wave irradiance W m
Clearnessndex KTh, in percent

Wind direction,in degreesclockwisefrom North
Cloud-cower, daily value,0-10

A designreferenceyearDRY is producedrom a TRY throughanadjustmenprocedurewhich
adjustghe mostimportantparametergtemperatureradiation,wind speed}o accordwith multi-
yearmeansandfrequeng distributions,usingeitherto aninput datasequencef 10-20years,
or 30-yearmeans(Skartweit et al. 1994; Lund 1995). As in the caseof a TRY, it is a dataset
correspondingo afull year- 8760hours- with hourly records.

Theadjustmenprocesgivesto eachmonthof a DRY alargerspanin temperaturéhanasingle
monthwould normally have, andalsoa larger daily temperaturevariation. DRYs aretherefore
badly suitedfor extractionof statisticalvalues. Statisticalvaluesshouldbe only extractedfrom
multi-yearsequencesf data.

DesignReferenceé/ear(DRY). Frequeng of measuremernis 1 hour, unlessotherwisespecified.
Note that precipitation(field number21) is presentedntegratedover 6 hoursfor hours1 and
13, andover 12 hoursfor hours7 and19. Hencethe daily sumfor precipitationis the sumof
obsenationsfor hours7 and 19. "Adjusted” meansthat a parametehasbeenadjustedin the
productionof the DRY.
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[ Content | Note
Stationnameor number
Timeindicatorfor radiationmeasurements
Dry bulb temperature0.1 C Adjusted

Dew pointtemperature).1 C

Adjusted keepingtherelatve humidity almostunchanged

GlobalirradianceW m
(meanvaluefor the precedinchour)

Horizontalsurface.
Measuredandadjusted

DiffuseirradianceW m
(meanvaluefor the precedinchour)

Horizontalsurface.
Measuredvith shadeavband,corrected Not adjusted

DirectbeamnormalirradianceW m

Derivedfrom globalanddiffuse.

Downwardlongwewe irradianceVV m

llluminance,global, lux

Derivedfrom the methodof Perezetal. (1990)

llluminance diffuse,lux

id.

llluminance directbeamnormal,lux

id.

Total cloudamount,obsered

Equivalentopaquecloud amount,every houror 3-hours

Sunshinadurationin the hour, minutes

Givenfor dayhours.Thresholds 120W m

Wind direction,tensof degree(0 for North, 9 for East,...)
00is calm,99 unsteadylow speed

10m above ground,valuesaveragedover 10 minutes.

Wind speed0.1ms

Adjusted

Indicatorfor specialdata(= 0)

MaximumtemperatureQ.1 C, only at7 and19 hours

Takenfor the precedingl2 hours.Adjusted

Minimum temperatureQ.1 C, only at 7 and19 hours

Takenfor the precedingl2 hours.Adjusted

PressurehPa, every 3-hours

Stationpressurenotreducedo seasurface

Precipitation0.1mm,only at1, 7, 13and19 hours
Weathercode every 3-hours
Weathersincelastobseration W1 andW2, every 3-hours
Empty

Relative humidityin %

Solaraltitude,0.1 degreeof arcangle

Meansolaraltitudefor the hout

For sunriseandsunsetioursmeanaltitude

for thatpartof thehourwhenthe sun(centre)

is abore thehorizon,atmospherigefractionincluded.

(Year),month,day. (for DRY, year= 12)
Hour, local standardime, 01-24
Continuation0 or 1

Alwayswintertime
Indicatesa following record for directirradiance

Table6.1: Thedirectnormalirradiance(beamirradiance)s dervedfrom diffuseandadjustedglobalirradianceandsolaraltitude. It is given
asameanhourly valueand,if greatetthan5W m , storedin aseparatsubsequemntecord,ascomputedb-minutevalues.For Copenhagethis
parameters not adjusted.For mostotherDRYs the adjustments appliedto the directbeamnormalirradiance andnot to the globalirradiance.
A specialrecordformatis usedfor 5-min. directbeamnormalirradiance estimatednly if the hourly valuefor directbeamnormalirradiation
exceeds5 Whm

Time-seriesof measurements(or satellite assessments)

Requestsare various, dependingon the usage. The following requestshave beenissuedby
customers.

Time-serief hourly sumsof sunshinaduration,global, diffuseandbeamirradiationon
horizontalplane

Time-seriesof daily sumsof horizontalglobalirradiation,andof sunshineduration,daily
meanair temperatureminimumandmaximumair temperatureanddaily precipitation.

Monthly meansf daily sumsof sunshineduration,andof horizontalglobalirradiation.

Ten-yearaveragesof monthly meansfor daily sumsof horizontalglobal irradiationand
sunshineduration, daily minimum and maximumair temperaturessurfaceatmospheric
pressurandwatervaporpressureandmonthly sumsof precipitation.

Monthly valuesof the Angstiom coeficients.

Otherresourcesequestedadvancedparameterandapplicationamodules
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Day by day estimatedhourly irradiation valueson inclined planesfrom daily obsened
globaldatausingthe conceptof smoothedaily irradianceprofiles.

llluminancevalues.

Clearsky irradiationoninclined planesfor ary selected.inke turbidity factor
Incominglong wave radiation.

Globalspectralrradiationon horizontalplanes.

Cumulatve frequeng curves.

Yearlyenegy outputfrom solarwaterheater

Outputfrom photo-\wltaic grid connectedgystem

Photo-wltaic stand-aloneystemwith batteries.

Daily enegy outputfrom a solarwaterheater

Passve solarheating(directgains)

6.2.3 Daylight
Which parameters?

Daylightis afield whereall you needis the visible part of solarradiation(asopposedo other
fieldslik e thermalenegy whereyou alsoneedtemperaturehumidity, wind...).

However, you needthis informationwith mary moredetails. Diffuseanddirect component®f
solarradiation(not just global) are absoluterequirements.They shouldbe available asfluxes
available on the horizontalplane (to be compatiblewith simple designmethods)and on the
planeof the glazing. A descriptionof the sky luminancedistribution helpsin understanding
moreclearlyfrom which partof the sky vault, thelight is comingfrom (this level of information
is providedin the Satel-Lightsener).

Theseparametershouldpossiblytake into accounthe urbanenvironmentin which the building
is located. This is not somethingstraightforwardto do, however this is critical to get closerto
reality (most of the existing productsdo not take into accountobstructionsor usevery basic
models).

What information?

Sincelight cannotbe stored,usersneedto know what amountof light is available andwhen.
Frequeng informationthat canbe suitedto the building operatingschedulds the mostuseful:
e.g.how oftengivenlevelsareexceededrom 8:00to 14:00?, a schooloperatingscheduleThis

meanghatthe dataavailableshouldhave a temporalresolutionsufficient enoughto matchthe
frequeng distribution of reality (previous studieshave shavn thata 15 min resolutionwasgood
enoughthe 30 min resolutionusedin satel-lightis alsoadequate).

Meanmonthly hourly valuesaremoreusefulthanmeandaily valuesbecauséehey provide users
with informationon how daylightis changingthroughoutthe day Cumulatedvaluesduring a

time period (9:00to 17:00, all year) are usefulfor usersworking for museumsecausemost
paintingsshouldbe exposedo only a maximumamountof visible light.

Informationon thedirectcomponenof solarradiationshouldbe coupledwith someinformation
onthesolarpositionin the sky vault. Sunpathdiagramsshouldof coursebe provided. However,

a betterinformation would be provided by shaving with statistics,the strengthof the direct
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componentn variouspartsof the sky: how often the direct solarilluminance exceedsgiven
levels,in agivenzoneof thesky ?

If the building is in the sketch phase the information mentionedabove may be enough. The
informationon the diffusecomponenbf solarradiationwill becombinedwith standardgractice
designmethodsuchasthe daylightfactormethod,to obtainits daylightautonomy However to
finalize the design,particularlyif the daylight systemis comple, the climatic informationwill
have to be usedin a softwarewhich canproperlytake into accountthe optical propertiesof all
materialsn the building. For thisreasonusersneedhourly valuesof solarradiationin aformat
compatiblewith theseprograms.

What are the potential usersin daylight ?

Architectsfor building designin the sketchphase

Engineerindgirms for building designin all stages.

Glazingmanufcturerdor designandmarketing.
StoremanuBcturerdmanualandautomatic)or designandmarketing.

City plannerdo optimizestreetdaylightandevaluateits electricity consumption.
Lawyersto evaluatetheimpactof new buildingson accesgo daylight.
Individualsfor generainformationonthe climateandassessmemf shades.

Ancillary Data

All applicationsrequesiancillary datafor supportingdataprocessingresultspresentationgata
query etc. Ancillary dataare:

terrainelevation
waterbodiesandland masses
bordersof countries

countries

databasesf majorEuropearcities
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