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On the estimation of upper winds fro m satellite cloud pictures
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ABSTHACT. 1116 d irect ion of upper nopoepheeic 110": W1\-". eetl mated from the ~iml8 plum~ ~i&t.oo with e b

cloude 1R"t'U on satel lite telev leion pictures. The reu meted direcuoue were ooiu pered with act ual win d dlecctlone at th...
:JOU and 200 rub, and &00 with t he d irections of the ",h<larbetween winds a.t(1l) 700 an, l t HO mb and ( h) 500 and 2U()mb .
The results of the comperlson are }JWJl.'DtOO ill this pl\pcr. •

r, Intro:luction

Es tima tion of upper tropospheric winds il'i HO W

poasible wit h t he hell' of meteorological satellite
photograph". The method has been described in
National Environmental Satellite Centre, U. S. A.,
Technical Memorandum No. 8, publ ished in Octo
ber 19G8, and some simple ru les have been
su.gg~8tcd for the estimation of wind d irec tion and
wind speed based on satellite cloud pictures.

The estimatiun of wind s from satellite pictures
for operational use has not been undertak en in
India 60 far. It is evi dent however, that such
inform at ion will be useful for filling up the large
data gaps in our observational net \1I..ork, and in
dat a sparse regions. TIllS will he not on ly helpful
in supplying upper wind data wit h greater cunfi
deuce to aircraft along routes which lie almost
enti rely over ocean areas (such as t he Bomb ay
Nairobi and ) ladras-Singapore routes); bu t will
a lso help in the analysis of weat her charts used
for numerical wea ther prediction. Prel iminary
work 0 11 a few occasions suggest« tha t an estimate
of np per tropospheric winds using the APT pic
tures received at Bombay can he made with reason
a ble accuracy. F urther , it was noticed that cloud
structures which are highly useful for wind est i
mat ion like the Cbclouds, ar e generall y plen tiful
in large data holes, like the nor th Indian Ocean .

2. Method

2.\. N ethod of Em lufl tion- It is well know n
. that tops of largJ convect ive clouds are blown off
when they penetrate to heights where ~trollH winds
are present. This gives the familiar anvil shupod
form to these clouds . Such 'anvils' or cirrus plumes
have charac teristic features on sa tellite TV-pictures

which make them easily recognisab le. The genera l
geometry of cloud tops is nearly egg-shaped . The
broad end is regular, bright and solid Ionking,
while t he narrow end appmrs fraye d, translucen t
and fibrous. Along the leng th , tho brightn ess
gradicnt>/; are gradual, indicating that most of the
cloud top is heing drifted downst ream, while the
brightness gra dient s arc Ktrullgcst at tho latera l
edges. Therefore, t he orientation of all egg shaped
cloud gives an estimate of the wind direction at
th e cloud top level.

2.2. Fig. l (a ) give s all example of large Cb
c lusters with t heir tops gett ing blown off by winds.
The schoinatic profile of a ' plume ' , ali seen 0 11 a
sa tel li te TV-picture, is shown ill Fig. l (h). F ig.
l (c) is an APT pict ure received at Bombay of the
north Indian Ocean area, which shows a n umber of
Cb tops which ca n be utilised for wind estimates.

2. 3. In the above discussion , it was assumed
t hat only the Cb-t<Jp< are moving and Cb-eloud
itse lf is sutionary. Such an assumption is generally
satisfac tory for the tropical regions, where the
mean wind (alollg the ver tical ) is "ma ll. If t he
d(1\I11 itself was moving as an ent ity , with a speed
equa l 10 or comparable with t he speed of the win d
at the cloud top level, and if the directions of the
two were different, a cirrus plume w..mid st ill
form bu t t he orientat ion of t he plum e would lie
in the direction of t he shear vector, between tho
velocity of the cloud and the wind at the cloud
top leve l. Iu the presen t st udy, comparisons wore
made betw een t he direct ions ef the cirrus plume
with tho direct ion. of wind at 300 and ~OO mb,
Comparisons were also made bet ween the plume
directions and the d irect ions of the shear vector
between the winds at 700 and 500 mb, and those
a t 200 JUb.
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