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The Diurnal Variation of Upper Winds over
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.\ B''' T IL\CT. Ti lt' ,.tl ll" · h~ '1 been m;ull.' from mean mUlllhlv ,·dol·itil·". The lnml nnd !w:, l,t<.'('7.('" which nrc

th e most importa nt nuillt iolls ill lJ.omh.ly . an· found to II(>n:LItl".l"with d iern II va ria ti..n in JU'-'t'\.."IUN' di "trilmtion on',
a wid.>a n ':\ """I(·..inlly euu-«..1 I,.'" the land Ili"t ril' lIt i"n of that rl 'j! ion. TIll' IRnd hrl't 'zt' j" 11-~"'Ot'illh'c1 with a • hi~h '
a nd ti lt' M ';\ IIn....·1 1.· with ;, " low '. The vr-rfi...al extent o f the ~·. l I,l"1.tLC j .. fouml t tl coincl.le with thelevel wiltON
t ilt' .. low' d llln !oWs Iii • I. ij.!h ".

The aftNn'l( lll wind .. 0\'(', Poon i urc found II) 00 a n ti teiptie ill th e l'nn-, IO\'di and they cont in ue to he woak at
hi gher h,\·f'I.~ due tn w~'l k preoure ,l;"r.l' lit·n t. In ji 'lilt' tlr th e n(j Il - I Il" n~ln months katahatic wind s O\ '('r 1' 000 ,\
aru roulid JIl'n'I'l'til,I" vve-u 111' tu 1.) 1. metres nbovu g rou nd IpHI.

1. Introduction

Since HI-14 th e Ind ia )I et.corologit al De
purtment is ('ollt'cting' upper wind dat a from
p ilot ball oon ascents at more frequen t height
intervals in the lower levels ove r stn t ions in
India for c1imotologi('al study. It. is pro
posed to ut-ilize the month ly nunu nls comput 
ptl from th e dntu fur a discussion of the diurnal
va riati on of winds ill t he lower levels upto
ubo ut 2 km ubuve gro und level. 1n ord er to
huve uniform numb er uf uhs ervntiuns at.
least in ti le lower levels, onlv normals Lased
rm durn after In·J,1 fllr five veurs 1I'1\'c l-ecn
ut ilised. The means fOT higher leve ls ha ve
h l' (' 1l accepted on ly when th e num ber of
observut ious uvuiluhle for each mouth during
th e five yea rs cxeesedod 30, i.e., about one
fifth of the to tal number of davs, In all
hut the monsoon months a f~irly high
percentage number of observat.ions a re avui l
ahle upro the ~ km level and hence the data
ca ll he taken to rt·J)fe~...nt the mean condi tions
of t he respect ive months, The means for
the monsoon months above I kilt, however,
represent only clear weather conditions.

The lIormals linn- bC('D worked out
8l·tmmtely for the th re e tlitrerent t.imes of
tIle un)", n·:., lIigh t . lIlorning and aftt'rIlOOIl
corres!xlll<lillg tn ()(~~I-O~:30, 07:10-0BOO and
1430-I GOO 1ST . The nonnals fur four
months ,ronuary , April, J uly and October
reprc~ent illg th e typi('al :-;('asons of hIllin, are
giv~n in the for m ofdiagrams on p.lgP.~ J98 anti

H)!), Figs. l( l ~) an d :!(;,) contain tl w ~raphs of
menn wind speeds aga inst alt itude. 111
F igs. I (h) ancl2(h) th e resliltant wind vect or>
at lu igJlt levels nrc drawn from a fixed o. igi n
a nd th e ends of t he vectors ha ve been ( '011 

nected by st ra ight lines giving hodogrnphs.
Th e va lues given at the end of th e vectors
a re heights in kilometres above fea level at
which these resultan ts occur. Fig.:J has
also heen ndd ed tn ind icat e th e mean sea leve l
pressure distribution ove r this region cnrrea
pending to 0800 un,1 1700 [ST_ The normals
of pressuft'S npto HHO were utilised for th e
const ru ct ion of these cha rts.
2, General featu res

Both over Bombay an d I'oonu tho diagra ms
indicate l'onsiderahle amount of d iurnal va
r iat ion of wind s, "cry prominent. up to 1 km
above ground level, Excep ti ng in .July the
sen level pressure gradients over t his region
at 0800 1ST Wig. :1) are sha llow nnd tile
pattern changes with height as is evident
from t.hr- rapid changes uf winds above I kill .
The diurnal vmiatio n of pressure dist ribution
is at....) tillite mluked, The ant icyclonic
CUr\'atllres at 0800 1ST in .Jauuary and
Oduber dmngc to cyc lonic patterns at 1700
1ST . The shullow . luw ' lIf April intensifies
in the a fternoon. Th e tlillrna l variation is
lcust nnly in July.

Befure studying t heelfect lIf the, e diu rn al
variations of pft':-:f'UrC dis tribution on winds
the topograpllic effect of thi~ region :-;llOuld be
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These were arr ived at 0 11 the basis of ohserva
tions of winds at to metres above gr"ulltL
level. The menus g: in 'J1 ill the table ure in
ugrocmcnt with t he ueneru] features of the
ka tubn t ie winds und thev show t hat such
wind s nrc P('f ('.(·pt it,le e~vl'n at 1[,0 metr es
ubove g-fOund Ic \"('1 ill some month s. S uch
enr -mborat.iun even from t he means
obta ined from pilot balloon ascents coufinus

the st eudv nature of t hese winds from day
tu llay. ..
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Observations of turbulence in the upper air
wi th the F-type Radiosonde

S.l' . \'l')1KITESl1\\,AH.\X "", I A. 1'. .TAYAIL\ .L\X

rota tio n. all;l in a di rection along it and (ii)
from in front of it is shown in F ig. 1. In an
actual balloon usr-ent. , the ba lloon moves
horizontally with t he speed of th e wind uud,
therefore, ihe effect of the hnrizontnl wi nd
must, he even much less. The Ynisala and
Brit ish type of r::ulio-1l1etcorographs, on the
other ha;,,1, operate on the principle of the
(:lIP anemometer, with it s axis of rotation
horizontal, As a result, t he cnp will rotato
both during the rising and the falling of the
balloon. l~ig .:! shows th- rate uf rotation of

1. The eharacte-ls.lcs of the paper-tan In the F· type
radiosonde

ThC' main chnrar-tcriatics of tho paper -fan
ill t he F vtype rmlio-llIeteoro~TJ'aphl art' t hat
it rotates onlv when it moves relat ive to the
air aloll !J; t.he nxi~ of rotation ill the forward
direction lind is steatly when moved in the
npposite direct ion : a~(l hurizuntal winds a t
any level have very little effect on th c rota t ion
of the fan. The rate of rotat ion of the fan
was tested in u wind tu nnel. The effect of
the wind <i> at right angle. to the axis of


