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1 Data requirements for the new calculation schemes
1.1 Compilation of the data requirements

In table1 thecompilationof thedatarequirementsfor thenew calculationschemesfor surface
solarirradianeis provided. The tabledescribesthenecessaryatmosphericparametersandthe
specifiedaccuracy andresolutionof theseparametersin relationto thesolarirradiancecases.
Afterwardstheaccuracy andresolutionof eachatmosphericparameteris discussed.

Case Possible 
RTM

Requirements

Clearsky direct - MODTRAN
(pseudospherical)

WP Mesurement/
Retrieval with

    
accuracy/ resolution

Clearsky diffus, global

- Water vapor content: 
   colums
         
 - vertical layers: 
   lower, middle and 
   upper tropospheric 
   humidity
    

2030

   MSG-SEVIRI 
   infrared channels
   
  MSG, MPEF product 
 "middle and upper
  tropospheric humidity"

 < 15%

- Ozone concentration 
   maps: vert. columns

2050    basing on data from 
   ERS-2 / GOME and
   SCIAMACHY 

    (MSG)

     < 5%

(< 10%)

                100 x 100 km, daily

- Aerosols optical depth 
  and Aerosols type/class:
  8 types, mixtures from
  components based on 
  OPAC classification
   
   

2040    Climatology from  
   GOME / ATSR-2 +
   SCIAMACHY / AATR
   retrieval

   MSG              

AOD   
< 0.1 Abs.  
  

Homogeneous clouds
  diffus           global

- MODTRAN

- SBDART, 
   6s, etc

Broken Clouds direct

Broken Clouds diffus
 + direkt        global

- SHDOM 
(planparallell)

- SBDART

- SHDOM

2020

2020

2020

+ Cloud optical depth 
+ eff. cloud droplet radius
+ liquid water path
+ Cloud top temperature

+ Cloudmask (land/ocean)
+ Cloudtype 
   classification

+ Icewaterpath 
  (Cirrus - Clouds)

   MSG - SEVIRI 
   all channels using
   APOLLO scheme
   

 Cloud detection with 

Cloud detection with

temporal/spatial
SEVIRI pixel
resolution

50x50 km, daily

seasonal

spatial resolution 
see section 1.2.3

as good 
as possible

- 6s, etc
   

(planparallel)

APOLLO scheme

APOLLO scheme

all < 30 %
see 1.2.4

as good 
as possible

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                         

- Monte 
   Carlo
 

temporal/spatial
SEVIRI pixel
resolution

temporal/spatial
SEVIRI pixel
resolution

as good 
as possible

- SBDART

Table1: Compilationof datarequirements



1.2 Remarks to the data requirements

1.2.1 O � , WP 2050
Theeffectof O� onthesolarirradiancein theVIS/NIR is very low, beyondawavelengthof 330
nm anaccuracy of 5 % leadsto an insignificanterror in thecalculationof thesolarirradiance
(330-1100nm).

1.2.2 H � 0, WP 2030
The direct effect of H � O in the visible is low comparedto that of the aerosolsfor the clear
sky irradiance.Model simulationsindicatethat thedirecteffect of errorsin thewatercolumns
in the limit of the provided accuracy shouldbe in generallessthan2-3 % for the calculated
integratedradiationenergy flux (calculatedsolar irradiance)in the VIS/NIR (330-1100nm).
But watervapourhasalsoin indirect effect on the radiancein the VIS, becauseit effectsthe
sizedistributionof theaerosolsandhencetheopticalpropertiesof theaerosols.

1.2.3 Aerosols, WP 2040
Aerosolsare the dominantfactor regardingthe calculationof clearsky irradiance. The data
requirementfor the accuracy of the Aerosol Optical Depth (AOD) is pointedout to be less
than0.1 . Thespatialresolutionfor theGOME/ATSR-2climatologywill be5x5 degrees.The
given accuracy andspatialresolutionis basedon a stateof the art retrieval procedureand is
restrictedby the limitations of the satellitemeasurements.GOME hasa high spectralbut a
roughspatialresolution. The GOME/ATSR-2climatologyis a goodbasisin orderto yield a
significantimprovementin theestimatedsolarirradianceswithin theassumedaccuracy.
Nevertheless,becausetheeffectof aerosolsis very importantfor thecalculationof clearsky ir-
radiancesahigheraccuracy thanthatof 0.1andespeciallyahigherspatialresolutionis desirable
from theviewpointof thesolarapplications.Thereforewithin this projectahigheraccuracy of
AOD is aimedfor. In figure1 theeffect of theassumederror in AOD (0.1) on thetransmitted
intensityis diagrammed.
A higherspatialresolutioncanbeachievedusingSCIAMACHY/AATSRdata,sincethespatial
resolutionof SCIAMACHY is improved comparedto the GOME instrument. With SCIA-
MACHY/AATSR it shouldbe possibleto enhancethe resolutionto approximately100x100
km� . But the SCIAMACHY launchwill be to late (October2001?) to yield a completecli-
matologyfrom SCIAMACHY/AATSRwithin theHeliosat-3project(not enoughdata).But it
is possibleto yield a setof testdatafor selectedsites,thatmakesis possibleto investigatethe
improvementof clearsky solarirradiancecalculationschemesusingaerosolparameterswith a
higherresolutionthanthatof theGOME/ATSR-2climatology.
Additionally thepossibilitiesof MSG/SEVIRIto deriveappropriateinformationabouttheaerosols
in theatmospherewill 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 specifiedaccuracy andresolutionfor the cloud
parametersit will be possibleto yield a significant improvementin the estimationof solar
irradiances.A relativeerrorof 30%for cloudparametersseemsto bevery large.But contrarily
to otherdatathis shouldbegivenin MSG pixel resolution(15 min timestepsandapprox.3 km
x 3 km horizontalresolutionin nadir). After averagingin thespatialand/ortemporaldomain
muchbetteraccurancy is excepted.
Nevertheless,becauseof theverylargeeffectof cloudsonthesolarirradiance,ahigheraccuracy
of thecloudparametersis aimedfor within this project.
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1.3 Short description of the radiative transfer programs

Thefollowing descriptionandcharacterizationof theradiative transfermodelsis a mixtureof
informationprovidedfrom themodeldevelopersor modelcontributorsvia Internetlinkedwith
ourown knowledgeandview.

1.3.1 MODTRAN - MODerate resolution TRANSsmittance
TheModerateResolutionTransmittance(MODTRAN) Codecalculatesatmospherictransmit-
tanceandradiancefor ”frequencies”from 0 to 50,000cm�

�
at moderatespectralresolution,

primarily 2 cm�
�

(20 cm�
�

in theUV). MODTRAN wasdrivenby a needfor higherspectral
resolutionthan LOWTRAN. Except for its molecularbandmodel parameterization,MOD-
TRAN adoptsall theLOWTRAN 7 capabilities,includingsphericalrefractive geometry, solar
and lunar sourcefunctions,andscattering(Rayleigh,Mie, singleand multiple), anddefault
profiles(gases,aerosols,clouds,fogs,andrain).
Major upgradein Version3.7 wasthe capabilityof usersto easilydefinedcloudandrain de-
scriptions. For example,cloudscanbe placedanywherewithin the definedatmosphere,can
co-exist with aerosols,and can have a mixed phasecomposition. A secondmajor upgrade
wastheinclusionof molecularbandmodelparametersbasedon theHITRAN96 spectroscopic
database.MODTRAN 4.0haveasignificantlyimprovedmultiplescatteringmodel.Pleasenote
thattheMODTRAN4 codeis notefreeof charge.
Sourcecodeanddocumentationavailablevia: http://www.vsbm.plh.af.mil/soft/modtran.html

1.3.2 6s:
The6smodelenablesthesimulationof effectsof theatmospherelinkedwith theSun-Target-
SensorpathontheRemoteSensingSignal.The6s(SecondSimulationof theSatelliteSignalin
theSolarSpectrum)codeis theimprovedversionof the5scodedevelopedby theLaboratoire
d’OptiqueAtmospherique.It enablesto simulateplan observations,to accountfor elevated
targetsandto take into accountnonlambertiansurfaceconditions.New gases(CH4,N2O,CO)
have beenintegratedin the computationof the gaseoustransmission.The stepfor spectral
integrationhasbeenimprovedto 2.5nanometers.
Thedocumentationof themodelis well organizedandprovidesa lot of information,it seems
that the codeis very qualified for the correctionof clear sky calculationof solar irradiance
as well as for sensitivity studiesof clear sky transmittance.Especiallythe handlingof the
codeseemsto beflexible andconcomitanteasyandtransparent.Pleasenotethe6smodelhas
currentlyno capabilityto handleclouds.
Sourcecodeanddocumentationavailablevia: ftp://loaser.univ-lille1.fr/

1.3.3 SHDOM:
SphericalHarmonicDiscreteOrdinateMethod(SHDOM) for AtmosphericRadiativeTransfer.
Thisprogramcomputesunpolarizedmonochromaticor spectralbandradiativetransferin aone,
two, or three-dimensionalmediumfor eithercollimatedsolarand/orthermalemissionsources
of radiation. The propertiesof the mediumcan be specifiedcompletelygenerally, i.e. the
extinction,singlescatteringalbedo,Legendrecoefficientsof thescatteringphasefunction,and
temperaturefor theparticularwavelengthor spectralbandmaybespecifiedat eachinput grid
point. SHDOM is superiorto Monte Carlo radiative transfermethodswhen many radiative
quantitiesaredesired,e.g. the radiancefield acrossthe domaintop or the 3D distribution of
heating.Radiancesat any angle,hemisphericfluxes,net fluxes,meanradiances,andnet flux
convergence(relatedto heatingrates)maybeoutputanywherein thedomain.For highlypeaked
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phasefunctionsthedelta-Mmethodmaybechosen,in whichcasetheradianceis computedwith
anuntruncatedphasefunctionsinglescatteringcorrection.A correlatedk-distributionapproach
is usedfor the integrationover a spectralband. Theremay be uniform or spatiallyvariable
Lambertianreflectionand emissionfrom the groundsurface. Several typesof bidirectional
reflectiondistribution functions(BRDF) for the surfaceare implemented,andmore may be
addedeasily. Thehorizontalboundariesmaybeeitherperiodicor open.
Sourcecodeanddocumentationavailablevia: http://nit.colorado.edu/ẽvans/shdom.html

1.3.4 SBDART:
SBDART is aFORTRAN77 computercodewhichcomputesplane-parallelradiativetransferin
clearand(homogenous)cloudy conditionswithin the earth’s atmosphere.All importantpro-
cesseswhich contribute to theUV, visible andIR radiationfieldsareincluded. Thecodeis a
marriageof a sophisticateddiscreetordinatesradiative transfermodule,low resolutionatmo-
spherictransmissionmodels,andMie scatteringresultsfor light scatteringby clouddroplets.
The codeis well suitedto handlea wide variety of problemsin atmosphericradiative energy
balanceandremotesensing.
SBDART is apracticalapproachto solvingplane-parallelradiativetransferproblemswithin the
earth’satmosphere.Thecodeis designedfor theanalysisof a widevarietyof radiative transfer
problemsencounteredin satelliteremotesensingandatmosphericradiationbudgetstudies.The
programis basedon a collectionof well testedandreliablephysicalmodelswhich have been
developedby theatmosphericsciencecommunityover thepastfew decades.
For ageneraldescriptionandreview of theprogrampleasereferto Ricchiazziet al 1998.(Bul-
letin of theAmericanMeteorologicalSociety, October1998).
Sourcecodeanddocumentationavailablevia: http://g.icess.ucsb.edu/esrg/paulsdir

1.3.5 Monte-Carlo-Model - GRIMALDI:
GRIMALDI is a small setof programsto calculatefor examplemonochromaticor broadband
fluxes,radiancesor photonpath-lengths.GRIMALDI usesline by line programsto calculate
gas-absorptioncoefficients and a Monte Carlo programto solve the radiative transferprob-
lem. Simulationof eachphotonpath including interactions(scatteringandabsorption)with
moleculesandothersmall particlesallows to calculateradianceandflux fields, especiallyin
connectionwith threedimensionalinhomogeneities,with highaccuracy.
All programsof this file-set, which containsfour main programsand several datafiles, are
guidedby onecontrolfile.
Sourcecodeanddocumentationavailablevia:
http://hurrican.ifm.uni-kiel.de/GRIMALDI/manual.html

1.3.6 LOWTRAN
LOWTRAN 7 is a low-resolutionpropagationmodelfor calculatingatmospherictransmittance
andbackgroundradiancefrom 0 to 50,000cm �

�
at a resolutionof 20 cm�

�
with a minimum

of 5 cm�
�

sampling.Theprogramcalculatessinglescatteredsolarradiation.Multiple scattered
radiationhasaddedto the modelaswell asnew molecularbandmodelparametersandnew
or updatedozoneandmolecularoxygenabsorptionparametersfor th UV. Othermodifications
includee.g. new cirrus cloud models. The modelalsoincludesupdatedaerosolmodelswith
optionsto replacethemwith userderivedvalues.
Sourcecodeanddocumentationavailablevia:
http://www.ncdc.noaa.gov:80/pub/software/lowtran
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2 User requirements on solar data
2.1 Introduction

This documentoriginatesfrom theprojectSoDa,supportedby the IST programmeof theEu-
ropeanCommission.TheSoDausersrequirementsoriginatethemselvesfrom severalsources.
Thesesourcesare:

� Documentationand/orinformationonuserrequirementsfrom solarenergy datavendors:
EcoledesMinesdeParisandMeteotest.Thesedataandinformationconstitutethebase-
line aswell astheproductsdevelopedby thesevendors:EuropeanSolarRadiationAtlas
(ESRA) andMeteoNorm,which areusedby a qualified majority of solar energy data
usersin Europe,

� Outcomeof informal oral consultationwith key playersin the solar energy field. All
consultationtook placeduringtheyear2000. This consultationtook placeat fairs,con-
ference,andvia directcontactsthroughe-mailandtelephone,

� TheSatel-Lightserver, afollow-onof theprojectSatel-Lightsupportedby theprogramme
JOULEof theEuropeanCommission,

� Publicly available documentation,from diversesources. This documentationincludes
the CIBSE UserGuide(CharteredInstitution of Building ServicesEngineersof United
Kingdom)

The EuropeanSolar RadiationAtlas (ESRA) is commercialisedby the Ecole desMines de
Paris. Thenumberof usersconsultedfor thedefinitionof theESRAuserrequirementsis ap-
proximately30. They werecontactedthroughtheadministrationof a closedquestionnaireand
furtherinterviewedby phone.TheESRAbenefitsfrom theexperiencegainedby thesalesand
realisationof thethreepreviouseditions.Reference:B. BourgesandL. Kadi: ”EuropeanSo-
lar RadiationAtlas: Userneedsandspecifications.A report to the EuropeanCommission”,
ContractJOU2-CT94-0305,EMN/ESRA/Doc6.95,95 p., EcoledesMinesdeNantes,France,
1995.
Thecreationof the4th editionof theEuropeanSolarRadiationAtlas,directedby theCommis-
sion,compriseda survey of theusers requirements,taking into accounttheexperiencegained
in thesalesanduseof the threepreviouseditions. Thisdocumentreportson this survey. The
panelwascomposedof representativesof companiesand institutesinvolvedin solar systems
R&D, salesand installation, sincetheseare the major part of the customers targetedby the
ESRA.Efforts havebeenmadeto survey the needsof companiesand institutesdealingwith
theproductionof biomassfor theproductionof energy andfurther to theneedsin agriculture
crop predictionand agro-meteorology. Theseusers requirementsplayedan importantrole in
the collectionof the meteorological data, creationof the databasesand the designof the ex-
ploitation software. Amongothers, they led to thedevelopmentof methodsfor thecombination
of satellite-derivedestimatesandground-basedmeasurementsof solar irr adiation,sinceit was
the uniqueway to answerthe customers requests.Therequestsdependuponthe typology of
the customer. However, there are convergencesfor requestinga completegeographical cov-
erage (not only sparsemeasuringstations),time-seriesof daily global irr adiationsandof air
temperatures,andalsoclimatological meansof several meteorological parameters.

METEONORM,producedandcommercialisedby Meteotest.Thenumberof usersconsulted
for thedefinitionof theMETEONORMuserrequirementsareapproximately300andwerecon-
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tactedthroughtheadministrationof a closedquestionnaireandfurther interviewedby phone.
The survey wasperformedby the company PolyquestAG, in Bern, Switzerland. Reference:
RomanScherrer:”NeukonzeptionMeteonorm- Bed̈urfnisanalyse”,1992, internalMeteotest
report.(inGerman).This documentcontainsthe userrequirementsand their analysiscarried
out for thedefinitionof METEONORMuserrequirements.

SATEL-LIGHT, developedby ENTPE.Thenumberof usersconsultedfor thedefinitionof the
ENTPEuserrequirementsareapproximately200andwerecontactedthroughtheadministration
of a closedquestionnaireandmeetings.Reference:
Beyer H.G.,DumortierD., FontoynontM., HammerA., HeinemannD., IneichenP., OlsethJ.,
PageJ., ReiseC., RocheL., Skartveit A., Wald L.: ”SATEL-LIGHT: processingof Meteosat
datafor the productionof high quality daylight andsolarradiationdataavailableon a World
Wide Web Internetserver”. Final Report,EuropeanCommission,JOR3CT95-0041,1999.
http://www.satel-light.com.
In thisproject,welookedat satelliteimagesasa wayto producetheinformationneededfor the
designof daylightingsystems.We showedthat Meteosatimagescould provide daylight data
everyhalf-hourwith enoughaccuracywith a resolution(5 kmby7 km)which wouldbeimpos-
sible to reach with a networkof groundstations. We processedtwo years of satellite images
andmadethe informationavailableon an Internetwebserver. To insure theadequacyof the
informationto theneedsof thebuilding designcommunity, weorganisedtwoworkshopsduring
which theobjectivesof theprojectanda prototypeof thewebserverwere presented.Thefeed-
back fromthepotentialuserswasverypositive. They recognisedthat theprojectwasproviding
informationthathadbeenmissingfor years. They expressedtheir concernregarding theshort-
term period covered by the data and with the fact that other parameters such as temperature
wouldbemissingfromthedatabase. SoDawill providean answerto theseshortcomings.The
workshopsalso helpedus in definingthe informationmosthelpful to the users. Since1999,
the Satel-Lightserveris up and running, users are invited to commenton it and to check the
progressof SoDa.

DaylightingAtlas
AsimakopoulosD., CarvalhoL., Chauvel P., CzeplakG., DumortierD., FontoynontM., Kittler
R., Littlefair P., PageJ.,PerraudeauM., PetrakisM., TregenzaP.,: ”Availability of daylight in
Europeanddesignof a daylightingatlas”. Final Report,EuropeanCommission,JOU2CT92-
0144,1995.
This project focused(1) on the analysisof the availability of daylight in Europeon the basis
of groundmeasurementsmadeby each partner, (2) on the designof an atlas geared toward
designersof daylightingsystems.Thedesignof theatlasshowedthat long term(10years)day-
light availability informationover Europewasnon-existent.Therefore, wehadto rely on more
general solar radiationinformation(i.e. usedfor solar thermalsystems).Thiswasfrustrating
becausehourly information(variability is extremelyimportantfor daylighting)wasavailable
only for a few sitesin Europeand whenavailableit wasextremelyexpensive. TheSODA IS
would havebeenat that time extremelyvaluable. We endedup dividing Europeinto 5 zones
with oneor two sitesfor each zone. We agreedon the basicclimatic informationneededfor
daylightingdesign.

Bücher, K., G. Kleiss,D. Bätzner, K. Reiche,R. Preu,P. RagotandD. Heinemann:”Realistic
PV Efficiency Map: EuropeanWide Evaluationof PV-Modules”,14thEuropeanPhotovoltaic
SolarEnergy Conference,30June- 4 July1997,Barcelona,268-271(1997).
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Thispaperreportson an EU-ALTENERprojectdealingwith thedefinitionof standardisedref-
erenceconditionsfor theperformanceof photovoltaicsolar cells.Solarradiationandambient
temperature are the most important factors identifiedby the project. In its realisation, the
project suffered fromthe unavailability of combinedradiationand air temperature data. The
SoDaservicewouldhadbeenof greatvaluefor this task.Thisprojectis a goodillustration of
manyotherprojects,where significantamountsof theprojectbudget are spentonly to provide
thedatawhich arenecessaryfor themainwork.

Brösamle,H., H. Mannstein,C. SchillingsandF. Trieb: ”Assessmentof SolarElectricity Po-
tentialsin North Africa Basedon SatelliteDataanda GeographicInformationSystem”.Solar
Energy, 70,1-12(2001).
A perfectexampleof whatkind of informationis necessaryfor comprehensiveinvestigationsof
a new solar energy technology (here: solar thermalpowerplants).Different informationhave
to be knownat the sametime; amongthemare meteorological data (radiation, air tempera-
ture) but alsogeographical,demographicand infrastructure information. Theresultsare real
economicfigures($/kWh).

A similar work hasbeenfundedby the EuropeanCommissionfor the isolatedsites: Solar-
GIS(DG XII, JOULEII, JOU2-CT94-0439,1993-1996)”Integrationof renewableenergiesfor
electricityproductionin rural areas”.
Thepurposeof theSOLARGISmethodology is to leadat a regional scalecomprehensiveinte-
gration studiesthroughtheuseof an adaptedinformationenvironment,that includes:a Geo-
graphical InformationSystem(GIS),which allows a propermanagementof thedifferentgeo-
graphical informationlayers anda setof technical andeconomicalevaluationtools, linkedto
theGISdatabase. Oneof themajorproblemsencounteredfor theapplicationto Tunisiawasthe
lackof dataonthesolarradiation.Moreinformation:http://www-cenerg.cma.fr/%7Est/solargis/

The projectMORE-CAREis building uponthe projectSolarGIS.Its title is ”more advanced
controladvicefor secureoperationsof isolatedpowersystemswith increasedrenewableenergy
penetrationandstorage”.It is financedby theEC: DG XII, JOULEIII, ERK5-CT1999-00019,
2000-2003.
The co-ordinators recognisedthat the lack of meteorological data createsinterferencewith
theexploitationof the outcomes.This is true to manyprojectsin the JOULE program. More
information:http://www-cenerg.cma.fr/more-care/

ReiseC. ”Solar RadiationDataRequirementsin the SolarEnergy Business”,internal SoDa
document,March2000.
PageJ. ”Contribution on SoDaUserIssuesin theConstructionIndustry”, internalSoDadocu-
ment,March2001.

2.2 Solar Energy Engineering

2.2.1 Test Reference Years and Design Reference Years
TestReferenceYears(TRY) andDesignReferenceYears(DRY) arespecialtime-seriesof me-
teorologicalandradiationvaluesextractedfrom continuousobservationsspanningseveralyears
(tenor moreyears).TRYs andDRYs aremadeup of severalparameters(hourly values)from
twelve monthsselectedfrom differentyears. Thesereferenceyearsare typical years,which
meansthatevery monthis selected,accordingto criteriabasedon thestatisticaldistribution of
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the parameters.They areusefulfor applicationswheredaily dataaresufficient for the simu-
lation andstudies.Many modelsuseTRYs or DRYs asinputs. Formatsof thedatashouldbe
standardizedin thatrespect.
Themain reasonfor constructinga referenceyearfor a particularsite is to give industrialen-
gineers,consultants,architects,andresearchinstitutionsa standardisedsetof climatedatato
beusedasinput datafor computersimulationsof complicatedsystemsneedingmorethanone
climateparameter, and normally also containingnon-linearity. Referenceyearswith hourly
dataareoftenusedfor calculationsof indoorclimate,building energy consumptionor energy
conservationmeasures,or performanceof solarenergy systems;howevermany otheruseshave
beenobserved. Suchreferenceyearsdescribea typical year. They arenot suitablefor tasksin
whichweatherextremesoccurringwith frequencieslessthanonceperyeararerequired.
As aminimum,aTRY shouldcontainfor eachhourdry bulb temperature,ahumidityparameter
suchasdewpointtemperatureor relativehumidity, globalanddiffuseirradiance,preferablyalso
direct normalirradiance,wind velocity, all storedagainstthe month,day andhour. Sunshine
duration,sometimesonly availableasadaily value,or wind directionduringthehourareoften
availableandcanbeincorporated.

Preferredcontentof a testreferenceyear
� StationWMO identifier
� Time indicatorfor irradiationmeasurements:

local standardtime (L) or truesolartime (T)
� Dry bulb temperature,in 0.1C
� Meanhourlyglobalirradiance,in W m �

�

� Meanhourlydiffuseirradiance,in W m �
�

� Meanhourlydirectbeamnormalirradiance,in W m �
�

� Sunshineduration,in minutes
� Relativehumidity, in percent
� Wind speed,in 0.1m s�

�

� (Year),month,day
� Hour, local standardtime,01-24
� Meanhourly long-wave irradiance,W m �

�

� Clearnessindex KTh, in percent
� Wind direction,in degrees,clockwisefrom North
� Cloud-cover, daily value,0-10

A designreferenceyearDRY is producedfrom aTRY throughanadjustmentprocedurewhich
adjuststhe most importantparameters(temperature,radiation, wind speed)to accordwith
multi-yearmeansand frequency distributions,using either to an input datasequenceof 10-
20 years,or 30-yearmeans(Skartveit et al. 1994;Lund 1995).As in thecaseof a TRY, it is a
datasetcorrespondingto a full year- 8760hours- with hourly records.
Theadjustmentprocessgivesto eachmonthof aDRY alargerspanin temperaturethanasingle
monthwould normallyhave,andalsoa largerdaily temperaturevariation.DRYs aretherefore
badlysuitedfor extractionof statisticalvalues.Statisticalvaluesshouldbeonly extractedfrom
multi-yearsequencesof data.
DesignReferenceYear(DRY). Frequency of measurementis 1 hour, unlessotherwisespecified.
Note thatprecipitation(field number21) is presentedintegratedover 6 hoursfor hours1 and
13, andover 12 hoursfor hours7 and19. Hencethedaily sumfor precipitationis thesumof
observationsfor hours7 and19. ”Adjusted” meansthata parameterhasbeenadjustedin the
productionof theDRY.
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Content Note

Stationnameor number
Timeindicatorfor radiationmeasurements
Dry bulb temperature,0.1� C Adjusted
Dew point temperature,0.1� C Adjusted,keepingtherelative humidity almostunchanged
GlobalirradianceW m ��� Horizontalsurface.
(meanvaluefor theprecedinghour) Measuredandadjusted
DiffuseirradianceW m �	� Horizontalsurface.
(meanvaluefor theprecedinghour) Measuredwith shadowband,corrected.Not adjusted
Direct beamnormalirradianceW m ��� Derivedfrom globalanddiffuse.
Downwardlongwawe irradianceW m ���
Illuminance,global,lux Derivedfrom themethodof Perezet al. (1990)
Illuminance,diffuse,lux id.
Illuminance,directbeamnormal,lux id.
Totalcloudamount,observed
Equivalentopaquecloudamount,every houror 3-hours
Sunshinedurationin thehour, minutes Givenfor dayhours.Thresholdis 120W m �	�
Wind direction,tensof degrees(0 for North,9 for East,...)
00 is calm,99unsteady, low speed 10m above ground,valuesaveragedover 10minutes.
Wind speed,0.1m s��
 Adjusted
Indicatorfor specialdata(= 0)
Maximumtemperature,0.1� C, only at7 and19hours Takenfor thepreceding12hours.Adjusted
Minimum temperature,0.1� C, only at7 and19hours Takenfor thepreceding12hours.Adjusted
Pressure,hPa,every 3-hours Stationpressure,not reducedto seasurface
Precipitation,0.1mm,only at1, 7, 13and19hours
Weathercode,every 3-hours
WeathersincelastobservationW1 andW2, every 3-hours
Empty
Relative humidity in %
Solaraltitude,0.1degreeof arcangle Meansolaraltitudefor thehour.

For sunriseandsunsethoursmeanaltitude
for thatpartof thehourwhenthesun(centre)
is above thehorizon,atmosphericrefractionincluded.

(Year),month,day. (for DRY, year= 12)
Hour, local standardtime,01-24 Alwayswinter time
Continuation,0 or 1 Indicatesa following record,for directirradiance

Table2: Thedirectnormalirradiance(beamirradiance)is derivedfrom diffuseandadjustedglobalirradianceandsolaraltitude.It is given
asa meanhourly valueand,if greaterthan5 W m �	� , storedin a separatesubsequentrecord,ascomputed5-minutevalues.For Copenhagen
this parameteris not adjusted.For mostotherDRYs the adjustmentis appliedto the direct beamnormal irradiance,andnot to the global
irradiance.A specialrecordformatis usedfor 5-min. directbeamnormalirradiance,estimatedonly if thehourlyvaluefor directbeamnormal
irradiationexceeds5 Wh m ��� .

2.2.2 Time-series of measurements (or satellite assessments)
Requestsare various,dependingon the usage. The following requestshave beenissuedby
customers.

� Time-seriesof hourly sumsof sunshineduration,global,diffuseandbeamirradiationon
horizontalplane

� Time-seriesof daily sumsof horizontalglobalirradiation,andof sunshineduration,daily
meanair temperature,minimumandmaximumair temperature,anddaily precipitation.

� Monthly meansof daily sumsof sunshineduration,andof horizontalglobalirradiation.
� Ten-yearaveragesof monthlymeansfor daily sumsof horizontalglobal irradiationand

sunshineduration,daily minimum andmaximumair temperatures,surfaceatmospheric
pressureandwatervaporpressureandmonthlysumsof precipitation.

� Monthly valuesof theÅngstr̈omcoefficients.

Otherresourcesrequested:advancedparametersandapplicationsmodules

� Day by day estimatedhourly irradiationvalueson inclined planesfrom daily observed
globaldatausingtheconceptof smootheddaily irradianceprofiles.
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� Illuminancevalues.
� Clearsky irradiationon inclinedplanesfor any selectedLinke turbidity factor.
� Incominglongwave radiation.
� Globalspectralirradiationon horizontalplanes.
� Cumulative frequency curves.
� Yearlyenergy outputfrom solarwaterheater.
� Outputfrom photo-voltaicgrid connectedsystem
� Photo-voltaicstand-alonesystemwith batteries.
� Daily energy outputfrom asolarwaterheater.
� Passivesolarheating(directgains)

2.3 Daylight

2.3.1 Which parameters?
Daylight is a field whereall you needis thevisible partof solarradiation(asopposedto other
fieldslike thermalenergy whereyou alsoneedtemperature,humidity, wind...).
However, youneedthis informationwith many moredetails.Dif fuseanddirectcomponentsof
solarradiation(not just global) areabsoluterequirements.They shouldbeavailableasfluxes
availableon the horizontalplane(to be compatiblewith simpledesignmethods)andon the
planeof the glazing. A descriptionof the sky luminancedistribution helpsin understanding
moreclearlyfrom whichpartof thesky vault,thelight is comingfrom (this level of information
is providedin theSatel-Lightserver).
Theseparametersshouldpossiblytakeintoaccounttheurbanenvironmentin whichthebuilding
is located.This is not somethingstraightforwardto 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 cannotbestored,usersneedto know what amountof light is availableandwhen.
Frequency informationthatcanbesuitedto thebuilding operatingscheduleis themostuseful:
e.g. how often given levels areexceededfrom 8:00 to 14:00?, a schooloperatingschedule.
Thismeansthatthedataavailableshouldhaveatemporalresolutionsufficientenoughto match
thefrequency distribution of reality (previousstudieshave shown thata 15 min resolutionwas
goodenough,the30 min resolutionusedin satel-lightis alsoadequate).
Meanmonthlyhourlyvaluesaremoreusefulthanmeandaily valuesbecausethey provideusers
with informationon how daylight is changingthroughouttheday. Cumulatedvaluesduringa
time period(9:00 to 17:00,all year)areuseful for usersworking for museumsbecausemost
paintingsshouldbeexposedto only amaximumamountof visible light.
Informationonthedirectcomponentof solarradiationshouldbecoupledwith someinformation
onthesolarpositionin thesky vault. Sunpathdiagramsshouldof coursebeprovided.However,
a betterinformationwould be provided by showing with statistics,the strengthof the direct
componentin variouspartsof the sky: how often the direct solar illuminanceexceedsgiven
levels,in agivenzoneof thesky ?
If the building is in the sketchphase,the informationmentionedabove may be enough.The
informationonthediffusecomponentof solarradiationwill becombinedwith standardpractice
designmethodsuchasthedaylightfactormethod,to obtainits daylightautonomy. However to

13



finalizethedesign,particularlyif thedaylightsystemis complex, theclimatic informationwill
have to beusedin a softwarewhich canproperlytake into accounttheopticalpropertiesof all
materialsin thebuilding. For this reason,usersneedhourlyvaluesof solarradiationin aformat
compatiblewith theseprograms.

2.3.3 What are the potential users in daylight ?
� Architectsfor building designin thesketchphase
� Engineeringfirms for building designin all stages.
� Glazingmanufacturersfor designandmarketing.
� Storemanufacturers(manualandautomatic)for designandmarketing.
� City plannersto optimizestreetdaylightandevaluateits electricityconsumption.
� Lawyersto evaluatetheimpactof new buildingson accessto daylight.
� Individualsfor generalinformationon theclimateandassessmentof shades.

2.3.4 Ancillary Data
All applicationsrequestancillarydatafor supportingdataprocessing,resultspresentation,data
query, etc.Ancillary dataare:

� terrainelevation
� waterbodiesandlandmasses
� bordersof countries
� countries
� databasesof majorEuropeancities
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