The European Commission
Community Research

Energy, Environment
and Sustainable Development

Energy-Specific Solar Radiation Data
from Meteosat Second Generation (MSG):
The Heliosat-3 Project

HELIOSAT-3

NNE5-2000-00413

Compilation of Data Requirements

D2
EHF

DLR, ARMINES

30.06.2001
30.06.2001



Record of Revisions

Official Revision | Description InternalRevision | Date

0

Firstofficial Versionof DeliveryD2 | 3 28.06.2001

Contents

1 Datarequirementsfor the new calculation schemes

11
1.2

1.3

2.1
2.2

2.3

Compilationof thedatarequirements . . . . . . .. ... ... .. ......
Remarkdo thedatarequirements . . . . . . .. ... ... ... .......
1.2.1 O3, WP2050 . . . . ... .. .
1.2.2 HO,WP2030 . ... ... ... ... .
1.2.3 AerosolsWP2040. . . . . . . . ... .
1.2.4 CloudsWP2020. . .. ... ... ... . . .
Shortdescriptionof theradiatve transferprograms . . . . . . .. ... .. ..
1.3.1 MODTRAN - MODerateresolutionTRANSsmittance. . . . . . . ..
1.3.2 6S:. . . e e
1.3.3 SHDOM: . . . . . . . .
1.3.4 SBDART: . . . . . . .
1.3.5 Monte-Carlo-Model GRIMALDI: . . ... ... ... ........
1.3.6 LOWTRAN. . . . . .. . . . .

NN~NOoOO0OOOMADMDDADNWW

User requirements on solar data 8

Introduction. . . . . . . . .. 8
SolarEnegy Engineering. . . . . . . . ... e 10
2.2.1 TestReference¥earsandDesignReferencerears. . . . . . .. .. .. 10
2.2.2 Time-serieof measurement®r satelliteassessments) . . . . . . .. 12

2.3.3 Whatarethepotentialusersn daylight? . . . . ... ... ...... 14
234 AncillaryData . .. ... ... ... . . ... 14



1 Datarequirementsfor the new calculation schemes
1.1 Compilation of the data requirements

In table1 the compilationof the datarequirementsor the new calculationschemedor surface
solarirradianeis provided. Thetabledescribeghe necessanatmospherigparametergandthe
specifiedaccurag andresolutionof theseparameters relationto the solarirradiancecases.
Afterwardstheaccurag andresolutionof eachatmospheriparameters discussed.

Case Possible Requirements WP Mesurement/ accuracy/ resolution
RTM Retrieval with :
. - Water vapor content: MSG-SEVIRI :
Clearsky direct -MODTRAN | colums infrared channels < 15% + 50x50 km, daily
(pseudospherical) 2030 !
- vertical layers: MSG, MPEF product i
- SBDART lower, middle and "middle and ugper 1
(planparallel) upper tropospheric tropospheric humidity"
humidity :
- 6S, etc . :
- Ozone concentration | 2050 E??séng ?gg?\;%frong <5% © 100 x 100 km, daily
maps: vert. columns an !
SCIAMACHY 1
(MSG) (<10%)
- Aerosols optical depth | 2040 Climatology from AOD seasonal
and Aerosols type/class: GOME / ATSR-2 + ' ] .
8 types, mixtures from SCIAMACHY / AATR | <0-1Abs.  spatial resolution
components based on retrieval ' see section 1.2.3
OPAC classification
4 MSG as good
Clearsky diffus, global as pOSSIblef
- MODTRAN | + Cloud optical depth . ! temporal/spatial
Homogeneous clouds + eff. cloud droplet radius | 2020 IV|||SGh SEYIRI- all<30% SE\?IRI ix%l
diffus = global |_SBDART, |+ liquid water path A anne's using 1.24 o
’ d P APOLLO scheme | S€€ 1.2.4 1} resolution
6s, etc + Cloud top temperature !
- SHDOM ‘ i
) (Planparaliely | + Cloudmask (land/ocean) Cloud detection with | as good temporal/spatial
Broken Clouds direct + Cloudtype 2020 | ApOLLO scheme | as possible! SEVIRI pixel
- SBDART classification 1 resolution
- SHDOM : i
. i . ' temporal/spatial
ir%'.‘e’r(tc_'cﬁ’dsl dt;ﬁ?s - Monte + Icewaterpath 2020 | Cloud detection with | @ good SE\?IRI pixpe|
ire globa Carlo (Cirrus - Clouds) APOLLO scheme | @s 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

Tablel: Compilationof datarequirements




1.2 Remarksto thedatarequirements

121 O3, WP 2050

Theeffectof O3 onthesolarirradiancen theVIS/NIR is verylow, beyondawavelengthof 330
nm anaccurag of 5 % leadsto aninsignificanterrorin the calculationof the solarirradiance
(330-1100nm).

1.2.2 H,0, WP 2030

The direct effect of H,O in the visible is low comparedo that of the aerosolsfor the clear
sky irradiance.Model simulationsindicatethatthe directeffect of errorsin thewatercolumns
in the limit of the provided accurag shouldbe in generallessthan 2-3 % for the calculated
integratedradiationenegy flux (calculatedsolarirradiance)in the VIS/NIR (330-1100nm).
But watervapourhasalsoin indirect effect on the radiancein the VIS, becauset effectsthe
sizedistribution of theaerosolsandhencethe optical propertieof theaerosols.

1.2.3 Aerosols, WP 2040

Aerosolsare the dominantfactor regardingthe calculationof clearsky irradiance. The data
requirementfor the accurag of the Aerosol Optical Depth (AOD) is pointedout to be less
than0.1. Thespatialresolutionfor the GOME/ATSR-2climatologywill be 5x5 degrees.The
given accurag and spatialresolutionis basedon a stateof the art retrieval procedureandis
restrictedby the limitations of the satellite measurementsGOME hasa high spectralbut a
roughspatialresolution. The GOME/ATSR-2 climatologyis a goodbasisin orderto yield a
significantimprovementin the estimatedsolarirradianceswithin theassumedccurag.
Neverthelesshbecausé¢he effect of aerosolss very importantfor the calculationof clearsky ir-
radiances higheraccurag thanthatof 0.1andespeciallyahigherspatialresolutions desirable
from the viewpoint of the solarapplications.Thereforewithin this projecta higheraccurag of
AOD is aimedfor. In figure 1 the effect of theassumecrrorin AOD (0.1) on thetransmitted
intensityis diagrammed.

A higherspatialresolutioncanbeachievedusingSCIAMACHY/AATSRdata,sincethe spatial
resolutionof SCIAMACHY is improved comparedto the GOME instrument. With SCIA-
MACHY/AATSR it shouldbe possibleto enhancethe resolutionto approximately100x100
km2. But the SCIAMACHY launchwill beto late (October2001?) to yield a completecli-
matologyfrom SCIAMACHY/AATSR within the Heliosat-3project(not enoughdata). But it
is possibleto yield a setof testdatafor selectecsites,that makesis possibleto investigatethe
improvementof clearsky solarirradiancecalculationschemesisingaerosoparametersvith a
higherresolutionthanthatof the GOME/ATSR-2climatology

Additionally thepossibilitiesof MSG/SEVIRIto derive appropriatenformationabouttheaerosols
in theatmosphersvill beinvestigated.

1.2.4 Clouds, WP 2020

The effect of cloudsplay a major role in the currenterror (RMS) of the calculatedmonthly
meananddaily meanirradiances.Within the specifiedaccurag andresolutionfor the cloud
parameterst will be possibleto yield a significantimprovementin the estimationof solar
irradiancesA relative errorof 30%for cloud parameterseemso bevery large. But contrarily
to otherdatathis shouldbe givenin MSG pixel resolution(15 min timestepsandapprox.3 km
x 3 km horizontalresolutionin nadir). After averagingin the spatialand/ortemporaldomain
muchbetteraccurang is excepted.

Neverthelesshecausef theverylargeeffectof cloudsonthesolarirradianceahigheraccurag
of thecloud parameterss aimedfor within this project.
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1.3 Short description of theradiative transfer programs

Thefollowing descriptionandcharacterizatiomf the radiative transfermodelsis a mixture of
informationprovidedfrom the modeldevelopersor modelcontributorsvia Internetlinkedwith
our own knowledgeandview.

1.3.1 MODTRAN - MODerate resolution TRANSsmittance

The ModerateResolutionTransmittancd MODTRAN) Codecalculatesatmospheri¢cransmit-
tanceand radiancefor "frequencies”from 0 to 50,000cm~! at moderatespectralresolution,
primarily 2 cm=! (20 cm~! in the UV). MODTRAN wasdriven by a needfor higherspectral
resolutionthan LOWTRAN. Exceptfor its molecularband model parameterizationMOD-
TRAN adoptsall the LOWTRAN 7 capabilitiesincluding sphericalrefractve geometrysolar
and lunar sourcefunctions, and scattering(Rayleigh, Mie, single and multiple), and default
profiles(gasesaerosolsclouds,fogs,andrain).

Major upgradein Version3.7 wasthe capability of usersto easily definedcloud andrain de-
scriptions. For example, cloudscan be placedanywherewithin the definedatmospherecan
co-&ist with aerosols,and can have a mixed phasecomposition. A secondmajor upgrade
wastheinclusionof molecularbandmodelparameter®asedon the HITRAN96 spectroscopic
databaseMODTRAN 4.0have asignificantlyimprovedmultiple scatteringnodel. Pleasenote
thatthe MODTRANA4 codeis notefreeof chage.
Sourcecodeanddocumentatiorvailablevia: http://www.vsbm.plh.af.mil/soft/adtran.hinl

132 6s

The 6s modelenableghe simulationof effectsof the atmospherdinked with the Sun-Target-
Sensopathonthe RemoteSensingSignal. The6s(SecondSimulationof the SatelliteSignalin
the SolarSpectrum)odeis the improvedversionof the 5s codedevelopedby the Laboratoire
d’Optique Atmospherique. It enablesto simulateplan obsenations,to accountfor elevated
targetsandto take into accountnonlambertiansurfaceconditions.New gase§CH4,N20,CO)
have beenintegratedin the computationof the gaseougransmission. The stepfor spectral
integrationhasbeenimprovedto 2.5 nanometers.

The documentatiorof the modelis well organizedandprovidesa lot of information,it seems
that the codeis very qualifiedfor the correctionof clear sky calculationof solarirradiance
aswell asfor sensitvity studiesof clear sky transmittance. Especiallythe handlingof the
codeseemdo be flexible andconcomitanieasyandtransparentPleasenotethe 6s modelhas
currentlyno capabilityto handleclouds.

Sourcecodeanddocumentatioravailablevia: ftp://loaseruniv-lillel.fr/

1.3.3 SHDOM:

SphericaHarmonicDiscreteOrdinateMethod(SHDOM) for AtmosphericRadiatve Transfer
This programcomputesunpolarizedmonochromatior spectrabandradiatve transferin aone,
two, or three-dimensionahediumfor eithercollimatedsolarand/orthermalemissionsources
of radiation. The propertiesof the mediumcan be specifiedcompletelygenerally i.e. the
extinction, singlescatteringalbedo L egendrecoeficientsof the scatteringphasefunction,and
temperaturdor the particularwavelengthor spectralbbandmay be specifiedat eachinput grid
point. SHDOM is superiorto Monte Carlo radiatve transfermethodswhen mary radiatve
guantitiesare desired,e.g. the radiancefield acrossthe domaintop or the 3D distribution of
heating. Radiancest ary angle,hemispheridluxes, netfluxes, meanradiancesandnet flux
convergencegrelatedto heatingrates)maybeoutputanywherein thedomain.For highly pealed



phasdunctionsthedelta-Mmethodmaybechosenin which casetheradiancas computedvith
anuntruncategbhasdunctionsinglescatteringcorrection.A correlatedk-distributionapproach
is usedfor the integration over a spectralband. Theremay be uniform or spatially variable
Lambertianreflectionand emissionfrom the groundsurface. Several typesof bidirectional
reflectiondistribution functions (BRDF) for the surfaceare implemented and more may be
addedeasily Thehorizontalboundariesnaybe eitherperiodicor open.
Sourcecodeanddocumentatiorvailablevia: http://nit.colorado.ed@&vans/shdom.htin

1.3.4 SBDART:

SBDART is aFORTRAN77 computercodewhich computeglane-paralletadiative transferin
clearand (homogenoustloudy conditionswithin the earths atmosphere All importantpro-
cessewvhich contribute to the UV, visible and IR radiationfields areincluded. The codeis a
marriageof a sophisticatedliscreetordinatesradiatve transfermodule,low resolutionatmo-
spherictransmissiormodels,and Mie scatteringresultsfor light scatteringoy cloud droplets.
The codeis well suitedto handlea wide variety of problemsin atmospherigadiatve enegy
balanceandremotesensing.

SBDART is apracticalapproacho solvingplane-paralletadiatve transfemproblemswithin the
earths atmosphereThe codeis designedor the analysisof awide variety of radiative transfer
problemsencountereth satelliteremotesensingandatmosphericadiationbudgetstudies.The
programis basedon a collectionof well testedandreliable physicalmodelswhich have been
developedby the atmospherisciencecommunityover the pastfew decades.

For ageneraldescriptionandreview of the programpleaseaeferto Ricchiazzietal 1998. (Bul-
letin of the AmericanMeteorologicalSociety October1998).
Sourcecodeanddocumentatiomvailablevia: http://g.icess.ucsbdu/esy/paulsdir

1.35 Monte-Carlo-Model - GRIMALDI:

GRIMALDI is a smallsetof programgo calculatefor examplemonochromatior broadband
fluxes,radiancesor photonpath-lengths. GRIMALDI usesline by line programsto calculate
gas-absorptiorcoeficients and a Monte Carlo programto solve the radiatve transferprob-
lem. Simulationof eachphotonpathincluding interactions(scatteringand absorption)with
moleculesand othersmall particlesallows to calculateradianceandflux fields, especiallyin
connectiorwith threedimensionainhomogeneitiesyith high accurag.

All programsof this file-set, which containsfour main programsand several datafiles, are
guidedby onecontrolfile.

Sourcecodeanddocumentatioravailablevia:
http://hurrican.ifm.uni-kiel.de/GRIMALDI/manual.htim

1.3.6 LOWTRAN

LOWTRAN 7 is alow-resolutionpropagatiormodelfor calculatingatmospheri¢gransmittance
andbackgroundadiancefrom 0 to 50,000cm ! at a resolutionof 20 cm ™! with a minimum
of 5cm~! sampling.The programcalculatesinglescatteredolarradiation.Multiple scattered
radiationhasaddedto the modelaswell asnenv molecularband model parametersand nen
or updatedozoneandmolecularoxygenabsorptiorparametersor th UV. Othermodifications
includee.g. new cirrus cloud models. The modelalsoincludesupdatedaerosolmodelswith
optionsto replacethemwith userderivedvalues.

Sourcecodeanddocumentatioravailablevia:
http://www.ncdc.noaa.go80/pub/softvare/lovtran



2 User requirementson solar data
2.1 Introduction

This documenriginatesfrom the projectSoDa,supportedy the IST programmeof the Eu-
ropeanCommission.The SoDausersrequirement®riginatethemselesfrom several sources.
Thesesourcesre:

e Documentatiorand/orinformationon userrequirement$rom solarenegy datavendors:
EcoledesMinesdeParisandMeteotest.Thesedataandinformationconstitutethe base-
line aswell asthe productsdevelopedby thesevendors:EuropearSolarRadiationAtlas
(ESRA) and MeteoNorm,which are usedby a qualified majority of solarenegy data
usersin Europe,

e Outcomeof informal oral consultationwith key playersin the solarenepy field. All
consultatiortook placeduringthe year2000. This consultatiorntook placeat fairs, con-
ference andvia directcontactghroughe-mailandtelephone,

e TheSatel-Lightsener, afollow-onof theprojectSatel-Lightsupportedy theprogramme
JOULE of the EuropearCommission,

e Publicly available documentationfrom diversesources. This documentatiorincludes
the CIBSE User Guide (Charterednstitution of Building ServicesEngineersof United
Kingdom)

The EuropeanSolar RadiationAtlas (ESRA) is commercialisedoy the Ecole desMines de
Paris. The numberof usersconsultedfor the definition of the ESRA userrequirementss ap-
proximately30. They werecontactedhroughthe administratiorof a closedquestionnairend
furtherinterviewed by phone.The ESRA benefitsfrom the experiencegainedby the salesand
realisationof the threeprevious editions. ReferenceB. BourgesandL. Kadi: "EuropeanSo-
lar RadiationAtlas: Userneedsand specifications.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 surve of the usess requirementstaking into accountthe experiencegained
in the salesand useof the three previouseditions. Thisdocumenteportson this surve. The
panelwas composef representative®f companiesand institutesinvolvedin solar systems
R&D, salesand installation, sincetheseare the major part of the customes targetedby the
ESRA Efforts havebeenmadeto survey the needsof companiesand institutesdealing with
the productionof biomasdor the productionof enegy and further to the needsn agriculture
crop predictionand agro-meteoology. Theseusess requirementglayedan importantrole in
the collectionof the meteoological data, creation of the databasesnd the designof the ex-
ploitation softwae. Amongothers, they led to the developmenbf methodgor the combination
of satellite-derivedestimatesand ground-basedneasuementf solarirr adiation,sinceit was
the uniqgueway to answerthe customes requests.Therequestslependuponthe typolagy of
the customer However, there are corvergencesfor requestinga completegeagraphical cov-
erage (not only sparse measuringstations),time-seriesf daily global irr adiationsand of air
tempeatures,andalsoclimatolagical meanof several meteoological parametes.

METEONORM, producedand commercialisedy Meteotest. The numberof usersconsulted
for thedefinitionof the METEONORMuserrequirementareapproximatel\800andwerecon-
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tactedthroughthe administrationof a closedquestionnairendfurther intervieved by phone.
The surwey was performedby the compaly PolyquestAG, in Bern, Switzerland. Reference:
RomanScherrer:"NeukonzeptionMeteonorm- Bedirfnisanalyse”,1992, internal Meteotest
report.(inGerman). This documentontainsthe userrequirementsand their analysiscarried
outfor thedefinitionof METEONORMuserrequirements.

SATEL-LIGHT, developedby ENTPE.The numberof usersconsultedor the definition of the
ENTPEusemrequirementareapproximatel\200andwerecontactedhroughtheadministration
of a closedquestionnairandmeetings Reference:

Beyer H.G., DumortierD., FontoynontM., HammerA., HeinemanrD., IneichenP, OlsethJ.,
PageJ., ReiseC., RochelL., Skartweit A., Wald L.: "SATEL-LIGHT: processingf Meteosat
datafor the productionof high quality daylightand solarradiationdataavailable on a World
Wide Web Internetsener”. Final Report, EuropeanCommission,JOR3CT95-0041,1999.
http://www.satel-light.com.

In this project,welookedat satelliteimagesasa wayto producetheinformationneededor the
designof daylighting systems.We showedthat Meteosatimages could provide daylight data
every half-hourwith enoughaccuracywith a resolution(5 kmby 7 km)which wouldbeimpos-
sible to read with a networkof ground stations. We processedwo years of satelliteimages
and madethe informationavailableon an Internetwebserver To insure the adequacyof the
informationto the need=f the building designcommunitywe organisedwo workshopsluring
which the objectivesof the projectanda prototypeof the webserverwere presentedThefeed-
bad fromthe potentialuses wasvery positive They recaynisedthat the projectwasproviding
informationthat hadbeenmissingfor years. They expressedheir concernregarding the short-
term period covered by the data and with the fact that other parametes sud as tempeature
would be missingfromthe database SoDawill provide an answerto theseshortcomingsThe
workshopsalso helpedus in definingthe information mosthelpful to the uses. Sincel999,
the Satel-Lightserveris up and running, usess are invited to commenbn it and to che the
progressof SoDa.

Daylighting Atlas

AsimakopoulosD., CanalhoL., Chauel P, CzeplakG., DumortierD., FontoynontM., Kittler

R., Littlefair P, PageJ., Perraudea., PetrakisM., TregenzaP.,: "Availability of daylightin

Europeanddesignof a daylightingatlas”. Final Report,EuropearCommission, JOU2CT92-

0144,1995.

This projectfocused(1) on the analysisof the availability of daylightin Europeon the basis
of ground measuementsmadeby ead partnet (2) on the designof an atlas geared toward

designes of daylightingsystemsThedesignof theatlasshowedhatlong term (10 years) day-

light availability informationover Europewasnon-&istent. Theefore, we hadto rely on more

geneal solar radiationinformation(i.e. usedfor solar thermalsystems)Thiswasfrustrating

becauséhourly information (variability is extremelyimportantfor daylighting) wasavailable
only for a few sitesin Europeand whenavailableit was extremelyexpensive The SOMA IS

would havebeenat that time extremelyvaluable We endedup dividing Europeinto 5 zones
with oneor two sitesfor eadh zone We agreedon the basic climatic informationneededor

daylightingdesign.

Bucher K., G. Kleiss,D. Batzner K. Reiche,R. Preu,P. RagotandD. Heinemann’Realistic
PV Efficiency Map: EuropearWide Evaluationof PV-Modules”, 14th EuropearPhotovoltaic
SolarEnegy Conference30June- 4 July 1997,Barcelona268-271(1997).



Thispaperreportson an EU-ALTENERprojectdealingwith the definitionof standadisedref-
erenceconditionsfor the performanceof photovoltaic solar cells. Solarradiationand ambient
tempeature are the mostimportant factors identified by the project. In its realisation,the
project sufered from the unavailability of combinedradiation and air tempeature data. The
SoDaservicewould had beenof greatvaluefor this task. This projectis a goodillustration of
manyother projects,whete significantamountsof the projectbudget are spentonly to provide
thedatawhich are necessaryor the mainwork.

Brosamle H., H. Mannstein,C. SchillingsandF. Trieb: "Assessmenbf SolarElectricity Po-
tentialsin North Africa Basedon SatelliteDataanda GeographidnformationSystem”. Solar
Enegy, 70,1-12(2001).

A perfectexampleof whatkind of informationis necessaryor compehensivenvestigationf
a new solar enegy technolagy (here: solar thermalpowerplants). Differentinformationhave
to be knownat the sametime; amongthemare meteoological data (radiation, air tempea-
ture) but also geagraphical, demaraphic and infrastructue information. Theresultsare real
economidigures($kWh).

A similar work hasbeenfundedby the EuropeanCommissionfor the isolatedsites: Solar
GIS (DG XlI, JOULEII, JOU2-CT94-04391993-19967Integrationof renavableenegiesfor
electricityproductionin rural areas”.

Thepurposeof the SOLARGISnethodolgy is to lead at a regional scalecompehensivente-
gration studiesthroughthe useof an adaptedinformationervironmentthat includes: a Geo-
graphical Information Systen{GIS), which allows a proper managementof the different geo-
graphicalinformationlayers and a setof technical and economicakvaluationtools, linkedto
theGlSdatabaseOneof themajor problemsencounteedfor theapplicationto Tunisiawasthe
lack of dataonthesolarradiation. More information: http://www-ceneg.cma.fr/%7Est/solgis/

The projectMORE-CARE s building uponthe projectSolarGIS.lts title is "more advanced
controladvicefor secureoperationf isolatedpower systemswith increasedenavableenegy
penetratiorandstorage”.lt is financedby the EC: DG XII, JOULEIIl, ERK5-CT1999-00019,
2000-2003.

The co-odinators recaynisedthat the lack of meteoological data createsinterferencewith
the exploitation of the outcomes.This s true to manyprojectsin the JOULE program. More
information: http://www-cenegg.cma.fr/moe-case/

ReiseC. "Solar RadiationData Requirementsn the Solar Enegy Business”,internal SoDa
documentMarch 2000.

PageJ. "Contribution on SoDaUserIssuedn the Constructionindustry”, internalSoDadocu-
ment,March2001.

2.2 Solar Energy Engineering

2.2.1 Test Reference Yearsand Design Reference Years

TestReferencerears(TRY) andDesignReferencerears(DRY) arespecialtime-serieof me-
teorologicalandradiationvaluesextractedirom continuousobsenationsspanningereralyears
(tenor moreyears). TRYs andDRYs aremadeup of several parameterghourly values)from

twelve monthsselectedrom differentyears. Thesereferenceyearsare typical years,which

meanghatevery monthis selectedaccordingto criteriabasedon the statisticaldistribution of
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the parameters.They are usefulfor applicationswheredaily dataare sufficient for the simu-
lation andstudies.Many modelsuseTRY's or DRYs asinputs. Formatsof the datashouldbe
standardizedh thatrespect.

The mainreasonfor constructinga referenceyearfor a particularsite is to give industrialen-
gineers,consultantsarchitects,andresearchinstitutionsa standardisedetof climate datato
be usedasinputdatafor computersimulationsof complicatedsystemsieedingmorethanone
climate parameterand normally also containingnon-linearity Referenceyearswith hourly
dataare often usedfor calculationsof indoor climate, building enegy consumptioror enegy
conserationmeasureyr performancef solarenegy systemshowever mary otheruseshave
beenobsered. Suchreferenceyearsdescribeatypical year They arenot suitablefor tasksin
which weatherextremesoccurringwith frequenciegessthanonceperyeararerequired.

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

Preferreccontentof atestreferenceyear
e StationWMO identifier

e Timeindicatorfor irradiationmeasurements:

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

Meanhourly globalirradiancejn W m=2
Meanhourly diffuseirradiancejn W m2
Meanhourly directbeamnormalirradiancejn W m=2
Sunshineduration,in minutes

Relatve humidity, in percent

Wind speedin 0.1ms!

(Year),month,day

Hour, local standardime, 01-24

Meanhourly long-wave irradiance W m—2
Clearnessndex KTh, in percent

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

A designreferenceyearDRY is producedrom aTRY throughanadjustmenprocedurenhich
adjuststhe most important parametergtemperatureyadiation, wind speed)to accordwith
multi-year meansand frequeng distributions, using eitherto an input datasequencef 10-
20 years,or 30-yearmeang Skartweit etal. 1994;Lund 1995). As in thecaseof aTRY, it isa
datasetorrespondingo afull year- 8760hours- with hourly records.
Theadjustmenprocesgivesto eachmonthof aDRY alargerspanin temperatur¢ghanasingle
monthwould normally have, andalsoa largerdaily temperaturezariation. DRY's aretherefore
badlysuitedfor extractionof statisticalvalues.Statisticalvaluesshouldbe only extractedfrom
multi-yearsequencesf data.

DesignReferencé’ear(DRY). Frequeng of measuremens 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 and19. "Adjusted” meanshata parametehasbeenadjustedn the
productionof the DRY.
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Table2: Thedirectnormalirradiance(beamirradiance)s dervedfrom diffuseandadjustedylobalirradianceandsolaraltitude. It is given
asameanhourly valueand,if greaterthan5 W m~2, storedin a separatsubsequentecord,ascomputeds-minutevalues. For Copenhagen
this parameteiis not adjusted. For mostother DRY's the adjustmenis appliedto the direct beamnormalirradiance,and not to the global
irradiance A specialrecordformatis usedfor 5-min. directbeamnormalirradiance gstimatedbnly if the hourly valuefor directbeamnormal

[ Content | Note
Stationnameor number
Timeindicatorfor radiationmeasurements
Dry bulb temperature0.1°C Adjusted

Dew pointtemperature0.1°C

Adjusted keepingtherelatve humidity almostunchanged

Globalirradiancew m—2
(meanvaluefor the precedinghour)

Horizontalsurface.
Measuredandadjusted

Diffuseirradiancew m—2
(meanvaluefor the precedinchour)

Horizontalsurface.
Measuredvith shadeavband,corrected Not adjusted

DirectbeamnormalirradianceW’ m—2

Derivedfrom globalanddiffuse.

Downwardlongwawe irradianceW m=2

llluminance,global, lux

Derivedfrom themethodof 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—?2

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

10m above ground,valuesaveragedover 10 minutes.

Wind speedp.1ms™1T

Adjusted

Indicatorfor specialdata(= 0)

Maximumtemperature0.1°C, only at7 and19 hours

Takenfor the precedingl2 hours.Adjusted

Minimum temperature.1°C, only at 7 and19 hours

Takenfor the precedingl2 hours.Adjusted

PressurehPa, every 3-hours

Stationpressurenot reducedo seasurface

Precipitation0.1mm,only at1, 7, 13and19 hours

Weathercode,every 3-hours

Weathersincelastobseration W1 andW2, every 3-hours

Empty

Relative humidity in %

Solaraltitude,0.1 degreeof arcangle

Meansolaraltitudefor the hout

For sunriseandsunsetioursmeanaltitude

for thatpartof the hourwhenthe sun(centre)

is above the horizon,atmospherigefractionincluded.

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

Alwayswintertime

Continuation0 or 1

Indicatesa following record for directirradiance

irradiationexceedss Wh m—2.

2.2.2 Time-series of measurements (or satellite assessments)

Requestsare various, dependingon the usage. The following requestshave beenissuedby

customers.

Time-serief hourly sumsof sunshineduration,global, diffuseandbeamirradiationon

horizontalplane

Time-serie®f daily sumsof horizontalglobalirradiation,andof sunshineduration,daily
meanair temperatureminimumandmaximumair temperatureanddaily precipitation.

Monthly meansof daily sumsof sunshineduration,andof horizontalglobalirradiation.

Ten-yearaveragef monthly meandor daily sumsof horizontalglobalirradiationand
sunshineduration,daily minimum and maximumair temperaturessurfaceatmospheric

pressurandwatervaporpressureandmonthly sumsof precipitation.
Monthly valuesof the Angstiom coeficients.

Otherresourcesequestedadwancedoarameterandapplicationamodules

e Day by day estimatedhourly irradiationvalueson inclined planesfrom daily obsened

globaldatausingthe concepiof smoothediaily irradianceprofiles.
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e llluminancevalues.

e Clearsky irradiationoninclinedplanesfor ary selected.inke turbidity factor
e Incominglong wave radiation.

¢ Globalspectralrradiationon horizontalplanes.

e Cumulatve frequeng curves.

e Yearlyenegy outputfrom solarwaterheater

e Outputfrom photo-\wltaic grid connectedystem

e Photo-wltaic stand-aloneystemwith batteries.

e Daily enegy outputfrom a solarwaterheater

e Passve solarheating(directgains)

2.3 Daylight

2.3.1 Which parameters?

Daylightis afield whereall you needis thevisible partof solarradiation(asopposedo other
fieldslik e thermalenegy whereyou alsoneedtemperaturehumidity, wind...).

However, you needthis informationwith mary moredetails.Diffuseanddirectcomponentsf
solarradiation(not just global) are absoluterequirements.They shouldbe availableasfluxes
available on the horizontalplane (to be compatiblewith simple designmethods)andon the
planeof the glazing. A descriptionof the sky luminancedistribution helpsin understanding
moreclearlyfrom which partof thesky vault, thelight is comingfrom (thislevel of information
is providedin the Satel-Lightsener).

Thesgparametershouldpossiblytake into accountheurbanervironmentin whichthebuilding
is located. This is not somethingstraightforvardto do, however this is critical to getcloserto
reality (mostof the existing productsdo not take into accountobstructionsor usevery basic
models).

2.3.2 What information?

Sincelight cannotbe stored,usersneedto know whatamountof light is availableandwhen.
Frequeng informationthatcanbe suitedto the building operatingschedulas the mostuseful:
e.g. how often given levels are exceededrom 8:00to 14:00?, a schooloperatingschedule.
This meanghatthe dataavailableshouldhave atemporalresolutionsufficientenoughto match
thefrequeng distribution of reality (previous studieshave shovn thata 15 min resolutionwas
goodenoughthe 30 min resolutionusedin satel-lightis alsoadequate).

Meanmonthlyhourly valuesaremoreusefulthanmeandaily valuesbecause¢hey provide users
with informationon how daylightis changingthroughoutthe day Cumulatedvaluesduringa
time period (9:00to 17:00, all year)areusefulfor usersworking for museumsecausenost
paintingsshouldbe exposedo only a maximumamountof visible light.
Informationonthedirectcomponenbf solarradiationshouldbecoupledwith someinformation
onthesolarpositionin thesky vault. Sunpathdiagramsshouldof coursebe provided. However,
a betterinformationwould be provided by shawving with statistics,the strengthof the direct
componenin variouspartsof the sky: how often the direct solarilluminanceexceedsgiven
levels,in agivenzoneof thesky ?

If the building is in the sketch phase the information mentionedabove may be enough. The
informationonthediffusecomponenof solarradiationwill becombinedwith standargractice
designmethodsuchasthe daylightfactormethod to obtainits daylightautonomyHoweverto
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finalizethedesign particularlyif the daylightsystemis comple, the climatic informationwill

have to be usedin a softwarewhich canproperlytake into accounthe optical propertiesof all
materialsn thebuilding. For thisreasonusersneedhourly valuesof solarradiationin aformat
compatiblewith theseprograms.

2.3.3 What arethepotential usersin daylight ?
e Architectsfor building designin the sketchphase

Engineerindgirms for building designin all stages.

Glazingmanufcturerdor designandmarketing.

Storemanufcturerdmanualandautomatic)or designandmarketing.

City plannerdo optimizestreetdaylightandevaluateits electricity consumption.
Lawyersto evaluatetheimpactof new buildingson accesgo daylight.
Individualsfor generainformationon the climateandassessmerf shades.

2.34 Ancillary Data

All applicationgequestncillarydatafor supportingdataprocessingtesultspresentationdata
guery etc. Ancillary dataare:

e terrainelevation
waterbodiesandland masses

bordersof countries

countries

databasesf majorEuropearcities
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