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ABSTRUCT

Thi s paper descri bes t he net hods for forecastingsol ar irradiance
by usi ng Geostationary Meteorol ogical Satellites(GWs) inmages. As the
first attenpt the authors forecasted the cl oud al bedo for a basi c study
of irradiance estimation by estimating driving drift vector of clouds
using GVS i mages. A new procedure is also proposed for renoving the
ef fect of ground al bedo, which di sturbs cl oud novenent anal ysis. This
time, Annual forecastable probability was esti mated as 81. 3% for one

hour ahead, 71.0%for two hours ahead and 59. 3%f or t hree hours ahead.
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1. Introduction

In recent years there have been environnent protection to
i ntroduce of solar power systens and aggressive introduction and
diffusion to the public is advanced. Wen the anmount of introducing
of photovoltaic systens increase, they have a effect on the power
di spat chi ng pl an. However, if the irradi ance for several hours ahead
can be forecasted, it is useful for the power dispatching plan. By the
way, the main cause of an irregular change in the irradiation at the
ground level is the effect of the clouds, therefore the nethods of
estimating the solar irradiation by using the GV5 i nages may be very
useful. The utilization of cloud i mages has been al ready proposed by

several organizations? 239,

This study shows the nethods for estimating the irradiation by
using the G5 i mages. Firstly, the authors have devel oped a net hod f or
deriving the drift vector of clouds fromthe i mages and forecasting
a cloud al bedo at certain pixels. The cl oud al bedo was forecasted as

a basis study of estimating the irradiation.

This tinme, the authors used GVS i mages, which are resolved into
1800x 1800 pi xel s with 64 gradati ons of brightness, and si ze of a pi xel
covers 1.25x 1.25 knf approxi mately and covered a region between 20°S

and 70°N in latitude and between 70°E and 160°E in |ongitude. The

wavel ength that i s the visibleportionof the spectrumby GVSradi onet er
hardl y concern absorption of the at nosphere. Therefore, therefl ection
of irradiation fromthe object only was consi dered. The GVS i mages were
affected by the relationship of relative position between a sun and

an object. The al bedo observed by the GV5 i mages coul d be suitable a



statistical anal ysisusingdifferent i mages. Fig.1shows the four spots

fromwhich data using this anal ysis extracted.

2. Met hodol ogy

2.1 Cassification of the ground al bedo

The al bedo observed by t he GV5i mages are constituted of the cloud
and ground al bedo on the assunption that the sinple atnosphere nodel
conposed by the clouds and ground. The ground al bedo was obt ai ned by
connecting the m ni mumval ue of the GV5-observed al bedo for a termof
previ ous 7days. The ground al bedo fromJanuary 1to 31in 1999 are shown

in Table. 1.

2.2 Calculated the cl oud al bedo

The cl oud al bedo was derived to subtract the ground al bedo from
t he observed al bedo. However, the cl oud al bedois variedwth the cl oud
transm ttance by thi ckness, altitudeandratioof cl oudandsoon. Fig.2.
shows the transmittance of stratocunulus and altocunulus. It is
understood that atransmttance is wong evenif obviously it is based
on the ki nd of the cloud. This tinme, the val ue of threshol d was assuned
observed al bedo 38, 40 and 42. If the observed al bedo was beyond t he
val ue of threshold, it was cl assifiedintocloudal bedo. The cl oud al bedo
is calculated at the sinple liner nodel if cloud albedo is | ess than

it. Fig. 3. shows the distribution of the observed cloud. The sinple



liner nodel is as foll ows:
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where Tc: the val ue of threshold, , : groundal bedo, , : observedal bedo,
p. - cloud al bedo. This equation assunmed that the cloud transmttance

changed linearly.

2.3 The nethods of calculating the driving drift vector of clouds

Thr ee ki nds of GM5i mages, observed i mages, an i nage several hours
ago and an i mage after several hours fromthe observed i mages, are used
for estimating the clouds notion. The driving drift vector of clouds
are represented to cal cul ate a correl ati on bet ween i nage several hours
ago and observed i mage. The region to calculate a correlation set up
total s 10 ki nds by maki ng 5 pi xel s each change from5x 5 pi xels to 50
x 50 pixels. Fig.4 shows the exanple of the driving drift vector of

cl ouds.

2.4 The nethods of forecasting the cloud al bedo

When t he cl oud al bedo on t he spot (x;,y;) at an i mge h,,,(x,y) for
several hours ahead was forecasted, the driving drift vector of cl ouds
must be calculated first. The spot (x,y, at the inmage h, . (x,y) for
several hours behi nd was equal in the spot (x,Yy;) at an i mge h,,,(X,Y)
for several hours ahead. It is decided that the spot (x;,y;) fills the

next condition.
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The driving drift vector of clouds C, = (C,, G,) apply the reverse
direction from the spot (x,Yy, at the observed inage and the spot

(x", ,y",) at the observed i rage was deci ded. The spot (x',,y',) IS as

foll ows :
X’ o = Xo© Cpx
y, o = Yoo pr

Therefore the cloud on it could be estimated to nove the spot (X;, Y;)
at an image h,,,(x,y) for several hours ahead. Fi g.5 shows the nethods

for estimating the cloud al bedo.

3. Results

The f or ecast of cl oud al bedo was used a nont hl y i mages f romJanuary
1 to 31 in 1999. The four spots where was forecasted were chosen
arbitrarily and t he cl oud al bedo was f orecast ed by i mages fromone hour
ahead to three hours ahead. Fig.6 shows the graph of the result that
f orecast ed whet her the cl oud al bedo exi st for several hours ahead. It
was classify them according to size of images to calculate the
correl ationcoefficients. The percent age of average was esti nat ed 81. 4%
for one hour ahead, 71.0%for two hours ahead 59.3%for three hours

ahead.

Fi g. 7. shows an exanpl e for hourly esti mates. The r oot nmean squar e

errors (RVBE) for one hour ahead hardly change in every correlation



size. This neans the forecast of cloud al bedo doesn’t depend on the
region of images to calculate the correlation coefficients. However,
RMSE f or t hr ee hour s ahead change greatly. The aver age of RVSEf or hourly
estimates was 9.5 for one hour ahead, 11.2 for two hours ahead and 13.5

t hr ee hours ahead.

4. Concl usi ons

Inthis paper thenmethodfor forecastingthedrift vector of cl ouds
was presented. As aresult, the technique that only a cl oud al bedo was
extracted with the GVS i mages was suggested. The cloud al bedo was
forecasted by inmges from one hour ahead to three hours ahead. The
nmet hods of forecasting the cloud al bedo for one hour ahead had no
i nfluenceonthe correlationregion. Theresult that forecasted whet her
t he cl oud exi st was 81. 3%f or one hour ahead, 71.0%for two hours ahead
and 59. 3%for three hours ahead. Therefore, the nethod of forecasting
the cloud al bedo is very useful for irradiance estimtion. Hence, we
nmust exam ne t he si npl e nodel to deci de the cl oud al bedo and it consi der

whet her estimating the irradiation is actually possible.
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Table.1l A classification of the ground al bedo

Si tuati on The al bedo
Sea 12 O 18
Coast 19 0 24

G ound 25 [0 30




Fig.1. The exanple of the GWS i mage used for the forecast
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Fig.2. The transmttance of stratocunulus and altocunul us
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Fig. 3. The distribution of the observed cl oud



of cl ouds.

Fig.4 The exanple of the driving drift vector
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Fig.5 The nmethods for estimating the cloud al bedo
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Fi g. 6 The graph of the result that forecasted whether the cl oud al bedo

exi st for several hours ahead.
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Fig.7. An exanple for hourly estimtes



