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1 Introduction

As part of the EUMETSAT Ocean and Sea Ice SAF project the Norwegian
Meteorologicallinstitute(DNMI) is supposedo producedaily estimatesf downward
surfacesolarirradiance(SSI) from NOAA POESand EPSMETOP AVHRR data.
The problemof estimatinghourly SSI usingthesedatais coveredin e.g. Godgyand
Eastwood2002a)andfurtherreference®n this subjectwithin the Oceanandsealce
SAF conceptcanbe foundin thatreport. This reportaddresghe problemof creating
daily productsfrom irregularly time spacednput dataasthe NOAA POESandEPS
METOP platforms are susynchronouglatforms.

2 Background

Creating daily productsusing geo-stationarysatellite data is merely a matter of
averaging hourly values. Polar orbiting satellites gives hourly estimatesof SSI
irregularly coveringthe diurnal cycle. For someperiodsof the day severalestimates
might be available, while for other periodsno estimatesare available. The daily
averagingprocesgshenbecomes matterof representatiorStraightforwardaveraging
of available SSI estimates will not be a representative daily average.

Figure 1 illustratesthe diurnal variationin solarirradianceat top of the atmosphere
(TOA). Basicallysolarirradianceis receivedin the atmospherevhenthe sunis above
the horizon. The formulasnecessaryo estimatethis (solardeclination,zenithangle,
hourangleetc) is takenfrom PaltridgeandPlatt (1976).Along the abscissahoursof
the day are plotted (0-23 UTC), along the ordinatethe estimatedTOA irradianceas
function of time is plotted. The TOA irradianceis basicallyfound using EQ 1 where

Eo is the solar constant (1367 used herein)@nsl the solar zenith angle.
E=E,coq0,) (EQYL)

In Figurel the squarepointson the solid line representebservationperformedby a
polar orbiting satellite.As can be seen,theseareirregularly spacedn time. In this
specialsituationa straightforwardaveragingof the estimatedrradiancewould 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 meanvalue asfound whenall hourly valuesare found.
This would normally be the case using a geo-stationary satellite for estimation.

Diurnal variation in TOA solar irradiance
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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).

Theillustration in Figure 1 representhe irradianceat TOA anddoesnot handlethe
effects of the atmosphere.

3 Method

The methodselectedfor initial testingwithin the Oceanand Sealce SAF projectat
DNMI is basically a two step model:

1. First each*observation”is “normalized” to the daily meanvalue given no
clouds.

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

The first step, the “normalization”, is performedby applying weights to each
“observation”. This is done by estimatingthe meandaily irradianceby averaging
TOA fluxes(asthesecanbe estimatedht thetime resolutionrequired)giving the daily
mean(f,). The normalizationweight (w,) is thenfound by combining the estimated
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TOA irradiancefor the specifictime and location (f,) with the daily meanvalue as
described IrEQ 2

f
w,==" (EQ2

wheref,, is the meandaily TOA irradiancefor the specificlocationandf, the actual
TOA irradiance for the specific location and time.

The effect of this normalizationis illustrated by arrows on the boxesrepresenting
observationan Figure 1. After weights have beenappliedto the “estimates’these
would be representative for the effect of cloud cover on the SSI.

In asimilar way, weightsareestimatedo assigna representativéime periodfor each
“observation”aswell. One could let each“observation”havethe sameinfluenceon
the end result. But since polar orbiters sometimespassover an area frequently
(various platforms) and at other times of the day, no dataare available,the cloud
coverof this specifictime would havea higherinfluenceon thetotal cloud coverthan
other observationsin orderto circumventthis, the 24 hour period compromisinga
day is divided into segmentsasillustratedby the heavyline with vertical barsin the
bottom of Figure 1. The segmentsrepresentsthe valid time period for each
“observation”andthe time weight (w;) is estimatedoy theratio of the segmentength
in second to the total seconds in a full day as describe@ ia

S

W=
ZSI(Q37

wherethe length of a time segmenis estimatedusing UNIX time specificationsfor
startandendtime of the segmentBasically the denominatonof EQ 3 would alsobe
estimatedusingstartandendtime in UNIX specificationof the daybeingstudied,not
by summingthe segmentsvhich would be a more CPU consumingway to do the
same task.

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

4 Discussion

The majordrawbackof the methodproposeds the assumptiorthatthe cloud coverat
thetime of “observation”is the cloud coverexperiencedhroughouthe representative
time period of the “observation”. Everyonethat have observedthe sky knows the
rapid changes in cloud cover. This affects the solar irradiance significantly.

The “normalization” weights are estimatedusing TOA fluxes as basis.This is not
expectedo createany trouble asthe ratio which is the weightis supposede rather
consistent throughtout the atmosphere. By using TOA values, the CPU performance is
drasticallyincreasedcomparedo weight estimationbasedupon e.g. cloud factor or
likewise, not to mention the reduction of the I/O load.
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The normalizationweights proposedabove have beenusedon daily SSI estimates
during the spring of 2002 (resultsare presentedn Figure 2). Time weighshas not
beenimplementedyet. Resultsso far indicatesan underestimatiorof daily fluxesin
the order of 40W/n¥. This is too large and further examinationof the methodis
required.However,resultsare getting betterby time (Figure 2) indicatingthat snow
on groundmight be affecting the result. Furtherdiscussionon this topic is found in
the first validationreporton the Oceanand Sealce SAF High Latitude SSI (Godgay
and Eastwood, 2002b).

The validation shouldbe testedusing daily validation dataestimatedusingthe same
method as for the daily estimates (the weighting process).

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

5 Summary

The methodhave beenusedin daily production during the spring. Resultsare not
goodsoa furthertestingof the methodusingthe samemethodfor daily estimationof
“‘observed’asestimatedrradiancethatis for validationaswell asestimatedluxes, is
now required to check whether the method is the main problem.

Furthertestingwill include useof the weightingtechniqueon validationdataaswell
as estimates.

Pace 4 or5



References

Godgy, @., and S. Eastwood, 2002a: Testing of shortwave irradiance retrieval
algorithmsundercloudy conditions,DNMI ResearciNoteNo. 69 , ISSN0332-9879,
Norwegian Meteorological Institute, 2002, 20pp.

Godgy,d., andS. Eastwood 2002b:Preliminaryvalidationresultsof Oceanand Sea
Ice SAF HL short-waveirradianceestimatesusing AVHRR data, DNMI Research
Note No. 7Q0ISSN 0332-9879, Norwegian Meteorological Institute, 2002, 20pp.

Paltridge, G.W., and C.M.R. Platt, 1976: Radiative processesn meteorologyand
climatology, ISBN 0-444-41444-4, Elsevier Scientific Publishing Company,
Netherlands.

Pace 50r5



