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1 Introduction
As part of the EUMETSAT Ocean and Sea Ice SAF project the Norwegian
MeteorologicalInstitute(DNMI) is supposedto producedaily estimatesof downward
surfacesolar irradiance(SSI) from NOAA POESand EPSMETOP AVHRR data.
The problemof estimatinghourly SSI usingthesedatais coveredin e.g.Godøyand
Eastwood(2002a)andfurtherreferenceson this subjectwithin theOceanandseaIce
SAF conceptcanbe found in that report.This reportaddresstheproblemof creating
daily productsfrom irregularly time spacedinput dataasthe NOAA POESandEPS
METOP platforms are sun synchronous platforms. 

2 Background
Creating daily productsusing geo-stationarysatellite data is merely a matter of
averaginghourly values. Polar orbiting satellites gives hourly estimatesof SSI
irregularly coveringthe diurnal cycle. For someperiodsof the day severalestimates
might be available,while for other periods no estimatesare available.The daily
averagingprocessthenbecomesa matterof representation.Straightforwardaveraging
of available SSI estimates will not be a representative daily average. 

Figure1 illustratesthe diurnal variation in solar irradianceat top of the atmosphere
(TOA). Basicallysolarirradianceis receivedin theatmospherewhenthesunis above
the horizon.The formulasnecessaryto estimatethis (solardeclination,zenithangle,
hourangleetc) is takenfrom PaltridgeandPlatt (1976).Along theabscissa,hoursof
the day areplotted (0-23 UTC), along the ordinatethe estimatedTOA irradianceas
functionof time is plotted.TheTOA irradianceis basicallyfoundusingEQ 1 where
E0 is the solar constant (1367 used herein) and θ0 is the solar zenith angle. 

E � E0cos
�

0 (EQ 1)

In Figure1 thesquarepointson thesolid line representsobservationsperformedby a
polar orbiting satellite.As can be seen,theseare irregularly spacedin time. In this
specialsituationa straightforwardaveragingof theestimatedirradiancewould create
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a too high daily irradiance. This can be seen as the horisontal thin line in middle of the
illustration reflectsthe daily meanvalueasfound whenall hourly valuesare found.
This would normally be the case using a geo-stationary satellite for estimation. 

The illustration in Figure1 representthe irradianceat TOA anddoesnot handlethe
effects of the atmosphere. 

3 Method
The methodselectedfor initial testingwithin the OceanandSeaIce SAF projectat
DNMI is basically a two step model:

1. First each“observation”is “normalized” to the daily meanvaluegivenno
clouds.

2. Secondeach“normalizedobservation”is givena time weightwhich should
reflect the representative period of that specific observation.

The first step, the “normalization”, is performed by applying weights to each
“observation”.This is done by estimatingthe meandaily irradianceby averaging
TOA fluxes(asthesecanbeestimatedat thetime resolutionrequired)giving thedaily
mean(fm). The normalizationweight (wn) is thenfound by combiningthe estimated

PAGE 2 OF 5

Figure 1 Diurnal variation in solar irradiance at top of the atmosphere as
estimated using a solar constant of 1367, latitude 60.17°N and Julian Day
182 (June/July change).
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TOA irradiancefor the specific time and location (fa) with the daily meanvalue as
described in EQ 2.

wn
� f m

f a

(EQ 2)

wherefm is the meandaily TOA irradiancefor the specific locationand fa the actual
TOA irradiance for the specific location and time. 

The effect of this normalizationis illustrated by arrows on the boxesrepresenting
observationsin Figure 1. After weightshavebeenappliedto the “estimates”these
would be representative for the effect of cloud cover on the SSI. 

In a similar way,weightsareestimatedto assigna representativetime periodfor each
“observation”aswell. Onecould let each“observation”havethe sameinfluenceon
the end result. But since polar orbiters sometimespassover an area frequently
(variousplatforms) and at other times of the day, no dataare available,the cloud
coverof this specifictimewould havea higherinfluenceon thetotal cloudcoverthan
other observations.In order to circumventthis, the 24 hour period compromisinga
day is divided into segmentsasillustratedby the heavyline with verticalbarsin the
bottom of Figure 1. The segmentsrepresentsthe valid time period for each
“observation”andthe time weight (wt) is estimatedby theratio of thesegmentlength
in second to the total seconds in a full day as described in EQ 3. 

wt
� si

�

i � 1

N

si

(EQ 3)

wherethe lengthof a time segmentis estimatedusingUNIX time specificationsfor
startandendtime of the segment.Basically the denominatorof EQ 3 would alsobe
estimatedusingstartandendtime in UNIX specificationof thedaybeingstudied,not
by summingthe segmentswhich would be a more CPU consumingway to do the
same task.

In the end, applying the two corrections indicated above should give a more
representativeestimate from irregularly time spaced “observations” from polar
orbiters.

4 Discussion
Themajordrawbackof themethodproposedis theassumptionthatthecloudcoverat
thetime of “observation”is thecloudcoverexperiencedthroughouttherepresentative
time period of the “observation”.Everyonethat have observedthe sky knows the
rapid changes in cloud cover. This affects the solar irradiance significantly. 

The “normalization” weightsare estimatedusing TOA fluxes as basis.This is not
expectedto createany troubleasthe ratio which is the weight is supposedbe rather
consistent throughtout the atmosphere. By using TOA values, the CPU performance is
drasticallyincreasedcomparedto weight estimationbasedupone.g. cloud factor or
likewise, not to mention the reduction of the I/O load. 
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The normalizationweightsproposedabovehavebeenusedon daily SSI estimates
during the spring of 2002 (resultsare presentedin Figure 2). Time weighshasnot
beenimplementedyet. Resultsso far indicatesan underestimationof daily fluxes in
the order of 40W/m2. This is too large and further examinationof the method is
required.However,resultsaregettingbetterby time (Figure2) indicatingthat snow
on groundmight be affecting the result.Furtherdiscussionon this topic is found in
the first validationreporton the OceanandSeaIce SAF High LatitudeSSI (Godøy
and Eastwood, 2002b).

The validationshouldbe testedusingdaily validationdataestimatedusingthe same
method as for the daily estimates (the weighting process).

Figure 2 Temporal evloution of the difference - observed minus estimated
SSI at various stations in Norway. See Godøy and Eastwood (2002b) for
further details.Time period spans 18 April to 23 June 2002.

5 Summary
The methodhavebeenusedin daily production during the spring.Resultsare not
goodsoa further testingof themethodusingthesamemethodfor daily estimationof
“observed”asestimatedirradiance,that is for validationaswell asestimatedfluxes,is
now required to check whether the method is the main problem. 

Furthertestingwill includeuseof the weightingtechniqueon validationdataaswell
as estimates.
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