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ABSTRACT, Pstirnation of microstructural parameters controlling clustering in d ifferent directions of a cl oud
scene Is investigated. The cloud scene is representedas a Markov rand om field an d th e parameters are csrlmne.I by
a maximum likelihood technique. A surrogate image. corresponding to each scene, is generated by a Monte
Carlo procedure. Results of analysing NOAA and INSAT cloud imagesarepresented.

1. Introduct ion

The mai n motivation fo r studying clou d mo rphology
is its importance in the atmos pheric radiat ion trans
port. Thou gh severa l models exist (A vaste et 0/ . 1974 ;
Harshvardhan and Weinman 1982 : Na ber and Wein
man 1984 ; Welch and Weiliek i 1984) for describing
radiative transfer in three dimensiona lly no n-unifo rm
cloud layers, th ey arc all far awa y from any real ist ic
situation . This is largely because it is still a very di fficu lt
task to quantita tively ch aracteri se real cloud fields to
make mo de lling very efficient. Th e metho ds wide ly used
suc h as the 2D- FFT (2-dimensional Fourie r Tran sfo rm),
spat ial co herence (R osenfeld a nd Kak 1976; Coa kley
and Bretherton 1982 ; Logan et at. 1983 ; Mohan ('I 0/.
1988) can a lthough give a lot or informati on a bout the
gross propert ies of cloud s in an image. are inadequate in
detecti ng their mic rostructura l fea tu res. But a knowl edge
or the microstruc tura l feat ures of clo uds o r, in ot her
words , the fine details o f the cloud structure in the
smaller space scales is quite important since it very
o ften serves to dist ing uish differe nt types or clouds fro m
one ano ther .

In thi s paper, we demonstra te a method for deriving
a set of pa ra meters from a cloud image which wo uld
represent the microstr uctural fea tu res of clouds. Our
method is based on modelling a cloud image by a two
dimension al ran dom Markovian field. Toget her with the
2D- FFf we believe t hat this scheme will be ab le to
provide more com plete qua ntitative characteris tics of
cloud fields (G arand and Weinman 1986). It is obvio us
that the lack of knowled ge of the clo ud microphysical
processes precludes an y possibility of det ailed ph ysical
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analysis of cloud images. The only option avai lable is
a statistica l represen tat ion of sate llite images of cloud
fields. Such images can reason ably well be represented
by 2-dimcnsion al Markov rand om fields (Cross a nd Jain
1983; Garand and Weinman 1986)_ In a two dimensiona l
Markovian field, the probability of any pixel to have a
certain grey level depend s only on the grey level distri 
bu tion of its neighbours. Th e param eters we derive
exp ress the strength of clustering of pixels in the
vertica l, horizontal and the two diagon al d irect ion s,
They ca n in fac t be very efficient signatures of the
micros tructura l features of clouds, For a given clo ud
image, these para meters a rc est imated by randomly
pic king up pixels and relat ing their grey values to
their neighbours in the four dir ections using a standard
max imum likelih ood technique. The rea sonableness of
our assumption is decided by o ur ability to derive th ese
pa ra meters an d to use them to synthesise arti ficia l
clo ud images wh ich sho uld be sta tistica lly simi lar to
the o rig inals with the sa me texture. One sho uld bear in
mind th at th e sampling area should be sufficiently
large to contain eno ugh grey level variati on s for the
textural features to sho w up and also, the area should be
suitably homogeneous as regards the compositiona l
structure of cloud s.

The det ails of th e param eter estima tion meth od are
outlined in Section 2. In Section 3, we descr ibe the synthe
sis of artificial images for a speci fied set of th e micro 
structura l para meters an d a histogra m ide ntica l to th ose
of the originals. In Sect ion 4, we analyse so me
cloud scenes produced by NOAA-6 and lNSAT-IB
satellites over the Arabi an Sea and th e Indian Ocean .
The est imated parameters for the different scenes are












