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Izflfipfiga

The aoaobphorio and oceanic proocsaua are no

intimately coupled that one derives onorgy from the other
and vioo-verso particularly at the iatcrfaeo of the two,
zkoknowledqo of the atate of the Uppll ocean and its
intoraotion with the axoaohera is of vital importance

no; only to tho phy816l1 ocoanographcra but also to
metooroloqista for an effective wvathor §OI€BIt1flQu

Indian ueian 10 the only one of the three major
QGOIU that it land locked in its northnrn boundary while
tho rant are oonnletad to both the poloc. {his peculiar
situation of aha Indian ucean givos rino to a qniquo
intnrplay of oooaic and continental climate called the
monloons in its northern region. Because of those monsoon:
the surface circulation in the North Indian Ocean and ito
intoracaion wtah the ttmosphtre has an anomalous nature
oompaond to the ozher oceans. As such a czudy of the
surface circulation of tho Indian Oooan in relation to the
atmospheric circulation over it is all the more important
to have a olear understanding of the intorplav of those
two ayatema. Hen¢0 it in proposed to atudy the dependence
of oooanic circulation on the atmosphere in the region
north of 2o°s which 1: aormed as the North mow» Ocean in

tho prelont inveatigation using the available oooanographic
and meteorological data,
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The Thaula has been divided into six chapters
with furthor Oflbd1V$l10fl80

%Chapt0: one aoallltc of two parts» Part on:
%prosen:a the general intrnduetlon whit: part tun describes
the material and method of the present inventxgatien»

The distribution of the zonal and meridional
ccmponantc of the widatzana in the North Indian Qcean is
prccentod in chapter two.

Chapter three deals with the dlltributian of the
aurl of the windatrols ovnr the Nbrth Indipn Ocean.

The qonnral features of the aurfaeo circulation in
the North Indian Ocean is dealt in chapter four‘

Chapter five has thrac subdivisions. first part
relates the wlndatrots component! and it: vorticity with

the surface circulatian pattern, Second part makes a
ccmplriiun of the present reaultn of the wlndntrenl
components and it: vartiaity with earlier works. Third
part diacuuoos the anomnloua features in the surface
circulation of the dorth Indian ocean.

The last chapter presents auary of the
invintiqation and con¢1ua1on arrived at.
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flu diam aunt; follow who pattern at loan

wind: in the abqbmg flan wan our which than ta
ntnagoat   in flu prevailing wands in
the IBFNIOIII Indian ?¢ Ibis Ilgilar variation in
the gnvafliag winds awn  tavern]. at mrtaoe
our:-can Intvwn 31:1‘ ad Illiitr in the  Guam
north of 1198‘ this patina! Satan la ebaornd by
Ilflfllll for Ont 1600 yin‘! (Hmnn,1%6) QM is dqtetnd
in  gead still“"5'?

m nun mu “man shalt 71:-.110 z 10%“
all sown ii wreak at the cuthfi aurfwu. mlontian
this new bqu at 1 mm Garlic: htc than that of the
nmm  anti:  the Arab at Parana amps
:%uy  we nuts at run. llalan we Gain
1:011 boron the yin: 946 Am‘ ho #0 the flattening trade
with -thin fitrliae Thu Arab anqnlrofi mild” chit
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the  meats ta the am Indian Oman annotated
with ma lanai %ru1 of um from the bmunlng or
Sh! §flh I088!!! (A1lQ,1967)¢L  the any wyqo: 91'
Iaflia, Lab uni  B13-On; til nlthlru part at the
Il;fl1fl60nnI"ltbl11aI?I’&¢%t0bO§10Iedhg1ln¢nn6thO
swarm put at   u an uumun at Australia.
Illulii In  by  161110 at‘  Mas,
M Int awllfi the  at Africa late the mum
Ocean in 1587-  la $97, Yuan in Gan and an-and
tho anthem ms at  and uszua 'Kefl1hod0' ¢ pan
in Koala an $98: cuu,<»uunu4 thl mun» bltnaa em
Atlantic  Iqdln Octal.  the voyage of fauna,
a mm navigator, uémé  to with la 16':-2 proud
that tha India can an also numbed to the halite ocean.
final: flank by his  conga in 1772-177$ uhbltmed
within extant at we Indian  the Qdlcngnr
Qtpidtflon (1372-19761 urkd I new phase in occumgraphtc
asnrfi la ma Indium wan. this cnoditicn had barn
evgnliad Ipnctflallp to unset  oennogrqhle data
like lnlperaturn, £1: gnvlfl ad mutt at ahluical
damn or an mt“.  the Qllcuger wdttton,
u %1u-go amber of eoonnrwc annuities: had bun tutu
plm in the Indian  -Inch as Iwnabigator (1881-$925),
Hiya: (1886-19°63;  (15%, Yddlvh (1390-1999),
(1999-1900), awn (1991-W903)» 80; Lark (1905):
Plant ($906), mu H920-1922), Quanta (1928-1929),
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(198).  II (198-@1931) and Renata:
(1933-19$») . In  h fins npdltlou the an-I07
ships or in Ill.“-at  Winston n good am:
01' data. lb   hafi studied oeaaugrqhic
haknn at part: or  Iain  Later, mum
(1933-1935) undo utuutn ovar
in   an an n.a.:.s. zmmu¢m=
any   mu an my of Bnngal
an ma  (emu. 19¢, 1928. 19$. 1932).
mm (198) tbmiatod mu  cirwalauan pattern Omd
water nuns in the  Gan uh; all the data avatlabl-0
thmuu 19$. flmlu   (1935) elttlaally studied
tho ianuttptiouo at  earlier workers and award with
SM IOIII-ti at lib!   II ($93 "' 1931).
Blrlml U93"! $935) “file: thl  pattern at tho
Ankh: 80: m Bay at Bind 1|: ditch‘  at the ether
prailllut stilt“ Inn than at B111» U98), lllwdia
($923) all G111: (*9?-**a‘f9$v 193°)‘ In $939 the cum:
alarm an  by than ibnd rm. tbs an
ported or   (119106-1956) hogan aftnr
tho war all   fin  of than Inunuttonal
Gunman: year‘   or tho Lllntreu III
(1%?-~19B-8)  an data  the Rqnatortdfiat ttooun-04 batman
6°aunl°azar¢uuquehununvnwmu 22¢/m.
19$§-1956  1 man  the mama:-o of
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if    %t£oa (Ideas: at all-»
1958)W$*3

fin  nun in the Afleld of
‘Ill the orgaalatian of mp
International. Imam   (‘I960-1965) nan: the
“chad nnictala at the Interuttnw flaunt). at Scientific
Wain: (MM) and in mtfi 25 antral“ participated.
flu! I198 Ind:  tiring: ua ‘nit wanes at the Iulim
Own, prnvinnly,   N sumac and aollnatcd
count at mum, ,  and Helegaeol.
tats. I; ambit or   pertaining

U

in  we new non;   in the turn or
at ma  Iaflian Beam mdttiea.

p

!'art1m.u13g_,aa4m my be mo tn we Baannpme mas
if the  by  (99%).  an utrtcqt W mien we
hum Wyn in urn mall was arrtqé an luau: aha Indianpaint:   pmhlilq  Myat  amen attach  aanswu
pad we  nil”  the uh» Ammo:tn   at  and
tuna:-Q 1: ma MB!    PNIHBO)
this pragrann amid“ tho
t ($973) or (1%-73), tn:, ~
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or). the   has bun
papal 81 the  at tho  uttoctvd by fluan  by can camzuawoc)
in G   of 6&1» B60 ml; Sub-pmgti
ZHH43  %nhfi   15 by £9 10 -Ifly
iy  pa ma‘. the vaults or Iain-73 an-0 prenaad
llfi  for flvllillpilg 1 lilihr 017081
uut to 1977 whim ta calla fin 77 mutant. Both
the   udlalfl-'73 on-an as tho het
gnnd tornnqor hon 10mm. The min
ebjutln at MW iis; tn {infant  dyaato and woma
dylnlsm ctrnetuns at Sh: nun Eamon or tho warmers
hniqhcrn  ma time dqllfint auruwa an carried
at in the India Gaga,  an the Arabian Sn ma
Buy at Emil. arm; the pun: or the anon cnortmnsa.
A agar purl: or the  at’ am awn marinate ham

flirts at tbs Mia surface earruuta no
the Insult at the obauuttm w1.1o::od by navigators.

was £1898), amen (1879) prasentafl tho
first qoqrllnlniw  of in enrcnta. Lately, under:
mutant charts   by  (19%, 19‘!-3),
anus: U952). an Maw Manna, we anew sun»
aya&u anus (MM, auuugx xuuuymmum ms» M thc ma av¢mmm-¢=-



6

£1960). the mints  tam manna
oamfirnphta anal-an uttflttea mutated andthe  or m   represented1..1.s

the   at  the oceans an
may waned by the pflvdliag um aworlnpoaed by the
%%11u0 dfeota. ‘mt  of the wind against the
nurtma %1tes manta am timtic snug to the
aorta» to 61-in   The nomirornity or
the vim fluid murautorised by the wrl or ma trtctiaml
atnu panama sat Q all at dam: or the urfauo nun.
21:0 viva-driven  an pr~=d% In tho corresponding
horlnaulnl pauuro graficuta. ‘mun, the on-inn and pattom

,0
C

or ha atrium  is an he tan avnaged wind £101-dnew than
lazy &nr:i.ea ban hen put forward to explain

tilt Mid-n of nan  8% (1397), namliflg the
flaw or  we! homdartu or the acua,
mt ¢ mml eaanmua-; of noctpi mica ma
imputation wdd  a nitomly accelerated ayatll or
pm-011  uontrophle arrcata. Goldbrough (1933)
4180”!!! a ma with  hendartas ad concludes
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Chit if the integral 0;! procipflation-caporatloa fmctloa
Vllilhu along nah. para!-1: 01' latitlfin batman tho tuc
llenldarloa, than stead; atntlomry Qnrrcnk fields aontaining
dynamical futures will aria.‘ Ella (‘$905) antes that
tin direct atroaa of tin wind 1:  ta 1 thin surface

'.,.:

lawn!’ I-ant at that   an-oaau an
nilportaat d%.ca11y in tun flap” laud; of tho mean.
I-atazglhm (1923) has   imrtaat has concemim
an earl or can 6909 can-at  tor tho  at mm; mam:
ué an-Ina a rnarnhia flttanattal aquatic: tor hon natal
flan-dnvn ecu: currents. this cquitlou aascruaa the street:
at 0 variable wind 829898, I nrlablo 0014011: parameter with
161%-B50, 1 vartdhla friction ml as variable Mean Gupta
burnt (19%) and mushy (1936) Mn pointed out that lateral
charm; stress“ “waisted with mnmm uehanga in
ddiu mu  an imrtaut  in the mural circulation
at hath the 1&9”?! ad mun. 81111011, lmatplury (1939)
and lhltgmuy md ram (Mb) indicate the iqortancc of
lawn]. atrcsaa ta tbs  bnlw or ocean war:-mks.

m-11¢: tnvastigattom at ad-ad-driven can
uuulatioa no neatly  with the general natures
at the hflrllmtal aunt aystnl and chair rilationahtp t0
tho fitotrlbutioa or ma an wind £'1o1d our can eaoaaa.

I

I-star, Nfl Dramas  a but-#0: man:-shading at the
an:-ago largo-scale  Mamie circulation has ham
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ulna abut 1!“.  (1957) mud me um
dvlnn dnflathl it 1   ad oumlndod that
tn diatrtllkisl at  and an 1&3 by tbs

I

I$hIh1l'I1'Ilflao£a11fibQ0;0Ialnfinpcmlnt1rc1yupoa
we swung: stun on the  by flu pl-availing winds.
(fill); in  It-fly it we nil!-dawn ctaahuan
ti 1  can under flu tatluma at urtano vial
atrial; potato out that tho  loleqtrntioa at stran
ltllcl is 1 unit of fin nrlat1on% of the florlolis punotor
with Inhale. he rennin at  (1957) and stand
(19%), iuptnd a BIB» at cantata and a aria of
studios on the  Ill-drtnn urnlattoa
like nag; (#9) an  09¢). In 1950 Int
mm that pursuant  are mind to tun,\_

nhttngoanantcotthovlndstaufloldwnrchanoaa
nal was urn-an 10:16 vain Ill”! tho and st:-on £1014
ls u-rotational. the name;  oqnuaa dnlwd by
nun: (1996)  um  and rind um: um“
tho gnu-:1  am 1  at gran aqu-and at
htttdu I1 11100 or am ‘llrtlflty Qt the wind an-cu.
fit  filth of hi an 18  at lltitlloa min the
nttinty or kc  stain: roaches a ads‘. is also
tlllbcttphd fiurtttnllly the anon of the Iorldnml stun
anoint: on mo gluon! 1100-dz-tan circulation. Inn‘:
thwlittcll than an in pod uncut at-h the and
oiuulatiom. Ii ad Gunter (1950) mite! tho can
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IIIISCN-1   N u tflunlar new Ulflfl oreaaséqhnl id  nu lmuporc
ii filth!-till» lIl1l(1!‘I3I)hQ1ahfiamdu1otaoaa
cnlyahaotyamnhnngnanluorot mite:-n
“MM; an of  dqfl ml tn nhnda by 0 region
uuuunwncnntyaaaunmanaaueunaunnsyu
u uqdauun an. ma nodal. anus: am auxlmu um
ac1l.fl1n0Il1a11!5 in he anon equatorial Paine mm.
MM (1950 U110 Inland sh: lqon-has or the nun or
mo will ta untnhintag flu ognorhl  at mu Pacific
600ml» It $9308, Q0 Ifiihh of flumgrwhy pflllfind
tin fluid or an natal! win nun var tho um Pacific»
In 1958, iihh unwind fin I156 lulu at who &n& hdflc,
Iad1naadAt1at1¢on%hr1'0uaoannsan|ltauramn1
ltnvallu mu   nun mm ru-5‘ qua-u
at an ma. an ayazqrquaatna aqua; 1 nuns of
RI" (19'l-511:9

rerun’ H99»)  1 nfilntlul mm tostudy  flnwtnnlanngnnm
anal: flaunt ugh an  mt zmmznu an-was

(8%) lanai a lllflml  for he nan-éflvn
nan.-an tor ¢ ma man:-ma to mo um Atlantic
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lI1lQ1a1IllwcI’Onn%n|I¢JIIica1eharuotc1-or the
union   at an an: sun cum-an (1959)
nu Inga (19%) at lama:   including
In-1tnurfl.d.dcun1u'at1ntatt0nlo:tnct1ond. toms nae
nnaolilcltbntthcnflsnofaecolorationtcinucntutiato
union balm outrun 11:0 we 6:11’ stun. In 1955',
uau,u=aun1ma.y, mun: tho Qlmal ctra‘-latte: of tho
Pacific 0000 all tbs Insult: 00100110 mm tho anal char-%
afloat. Iotlotf and  U95) candor: than
Iqhfiirhl hdcrnmtnt as a pirllillt {aura or the cumin
Otrclllatton and flan: that it to couilkcnt with the char
nttcn of ailnllh QIIIQDIO ihrti-dig ta the equatorial flaw.
GU16. (1997) , dun; fllwkrutu the physical main; at
the nlqulo 811112» typa nation in 1 Magnum: can at
anatataqth, Bowdudlyhiucuttlncuntactodqoabys
and an m.-us. au»u%(19$0) formulated 1 ma at ma
lrlnn  cinflafla and  0 strong aouatoz-an-nut
unis: ill lltfllt  OIYFIGIUIQ illllllldir U959)‘ 9&3“
tbs fl‘lIlI!OI'C in the fir“ noun Inn the Bnrfirlis equation
alt; fin altalnlapootuan Milan» ad the nod at:-as
6180 pflfllllll I7 tho  Iilfltlll-on or Oauogrtpby ($581
at man 09¢» 80 on-ill Int onlala the western comat
rnttoa 01’ atnclhls ht doused in nun the iqortaa
of CHI»  trtctlel. inn‘!-0&0 mqlnlatloa at the
ilriallll 1000! Nhdary of tht nrrllitl, til ditch of
Imitation and at-oetnthttn at the 10011  annual
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fish no inflate! ta the Quality‘: maths. flame;
U959) Ida 1  fllnflflal only on tho oqlnbrtal
gradual by  afl ah! I‘!-O\da|.ov0r 1 Inno
can at  aqua. the rials: dearly renal
ll illfilrlllll KM  8%}! filth thfl docagglq
of the any ‘limitin

Inraha anon  swamp-qn; auulopod
I ltd? trill tho ltlfiy of hull I-filial’ thoerin to Ian-linear
Huerta, 0%: hull baa Iain M unit» the ulna-drinn
ml tbarlihnltao nqfinilta in we 10601 at the gourd ocean
tlruhtlol (hm and 5967)» may farmland a Isthmu
tied. nodal. at the 01-I&ud finch-trivia and in cir
tor an than ago: anal, tbs manta or mun
00100140 with the chum-n4 tnturu or the Quote :11-aflatlon
all unciotud ttwtatnro stratification. Other thnrlttcal
fillies $0 In  chalk ho naps» or the villi tbrctq
u an nun are Burnt (flak).  (1990.
umzm H955 J, 11% (1955). flutter ad manna (1962)
Iona: H963, 1966 qt), nun (1963), 1111: and tima

D69

($953370  (@963), fianrt $199+), III-In (1967), nus:
(1963),,I§::tl0I (1966), an» £1958), um: (1969), mm: and
an mag‘, iknblfilf £1968)» _

1 min at llhltipttoul haw ban carried
at to tnturdntc the use stun and an at its and an-as
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flit   fllnllnti-on» Idioms‘: (1967)
of fin nil! atria: In!-in flat  squares at
the 10214  rmtm an 1 uqlflcuain study at this
inn I0 I1-ID  the  Din of the wtnfi stress
for   hand nu tho  éhtrlbahion of the
wind.  (196I)_n.1ahtd tho annual. mum
at no an nan an hr ma northern batman mm
at 10°! by Nrtinlly integrating flu atnnqhorlc vorticity
lntuoa the qpcr (100 ab) and Inn? (1000 lb)
bndqrlnl at thi ch9%01'I¢ bud OI! flu charts of Grntchar
(195). H1: aha:-nttm lnhddu with tbs results of
an-:1 HMS),  an the In-an Atlutlc m Indium
onus. mama u  (‘I965)_m,yo1m1c ulna at the
an 0!’ the an atrua grown ea tho tmptu and attcycilnate
alien la the £61110  mtnplcfl. 1at$.ta:lu- A atllla:
walla! bu durlmlfi tn: an wild wrtiotty Qarta

at I158: nu:It;'e‘;D::}|,aW(£&13§2J ¢ Hung data from the Kniakloiak
Iflnri-afll‘IIOt1ht (1952),  (1979) “Wind the
monthly nrfuo uhfl stun curl to: the anal: India 9%
for 2' glans. this rnazlll an the nu’: aaqrlhoadn shady
of we dhtrlbitinn at the  stud stun an-1 in the
Ilthnfiaan 1a*|mt&m~lI  ls given M the time
vu-nan M the guarantor. Ia wmzaauoa to the ahflfo
still  H971) tomhhd a hnntmpic add. at an
mi fad that tho anlot tha curiae mu an-on
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<>¥

In idmunilugforciq fiction at nodal: ducting
wild-dfl.1Ilu%¢nrrnItu B0 and flu dad siren valnn

by acnomn £196?) . manna; co nmc¢1f,97'31¢
anon %u as weladimfiam tonne can to flu
ynvludical Narnia; of the ml £1016. ht as utn=aa1n%
“wart”: at an d1atr1hut1n% at the earl or the via: strau
with fin pattern at &a  rrind-drum moan circulation
is wt arrtnd on an tar,  we lnpartmec of the
OIII of tho wind stress at the forcing fmation aqbuauic

\
v

flvnoatl it Invalid M we ahmn atud1aa¢?

Bnnna and Vanni: (19?5) cunputad the ulna stun
and marl of the wind attest hr tho world ocean: and Iona
that milk: the othar Minna, Indian Golan valid wean
lflltitt am.-=» 601-11; northern 0101'. L00“: and $33-‘§'¢
(1979) cfllpltod the gwstmphie $1'lBlp0l'§§;:, 8110 manic um
traspbrtai ad the  tranqaort:%.+ in the north Atlantic
wing the wind suns: values or Bunker (1976) . the aunts
an in @004 “taunt 91131 thi d1!lfl1¢ ®wWfl¢1°I8 #1‘ “I
atrealatteb in the wpar ocean. cane (1977 a,b) also studio!
an aspen» of an equatorial  ta 3111310 wtafl nan
path!!! by {emulating a nodal aw pruvntcd the untried
rqgglT.tg,=  (1980) tuna an noclhnt wrrolutiea of
81:6: lit-h both aart'ma.. md aahaurfwe currents.
ta h:I.n,t-he   1: dtivna by artdioml



14

1or Ilrllclty ad  jlfllili grdtllt prudent
by $0  mm. Lt fit   0 linear lttatlfiod10801 of the   by  (1980)
{Strata nay at tho  at thn lqintorlal Our;-at syatn.
80 0 “tailed cnquatln atdy of tho distributive or the
will stun aid at]. at tho Illfi attire of the !.:Il1m@c0an
with that at ho othn "Peal I111 (110 flu any interesting
IIIGIPCI 0

I

'Iirtbir  ltulha of lpocial interest are
Ghana) ac! mud (1971)  and manna: (1970),
hum (1973), |u:u"‘(19?31, an at a-(197%). Im. (1975).
Gnu ma an-u\nk(191F6), ya at :1-(1995), Wotan ma
Johan (1978), Idiom“ £1978/U0),  at 1.1- (1979).
Banana. and om-an (19m>.%nhw and nun (1900),
Run at @1419»), rm-um (1980), name: (1960). U-lb»

(1979, 1980). upnm man). mu-mm mac), ham mm
fluvial at -1-(19811 ad rmunau -pa r-¢1umlu'| (1981)

Vnfloll  I601: arc tonnlatod tor the
mum Gama mu flan in  an mm» the gum» mwnvv
bu the allbaphcrtc brain;  prdlctub than P"°1°"-°"o
mun £208 Iith fit Qtlilfl. Qhilhflmi mu (G04 Itflfllfliv
2» unpu, upum (1969) mild 1 Id!» mnflw "=1
otth0ui.nfiItrnan1oagnnnIl.rtr19uarthooqutor:nd



15

arid out  the  at that cum. In
c  “$.81! Girl!!! yaltuin no not Q pmpngatlag
Q Illrflllarl HI: vlliwnrfis nfl  it into Q tutor:
hnmhty cannot. Ibo run!-8! of fits tidal urn with tho
nblulhtinnn at the  Glrrnh A than fllmsloual
Itth Iflfllflflllfilflflllffl title!
1’ qua wurlng an India can mm 01' zo°s m rumum
by 9u(197<|)¢ the -mm la by a periodic vim
atlas. the nah futures of he  Qnat an
kiwi! will pflélflfl In can mid» Edna (1970) tornlatd
moan Q1101 fling a plrbdlt will hlillll akin]-nth; tho
manna. no unite an aqnnd vita tau dynamic to?hy
at ma ocean arias. nu oomph: pattern: at anion ca
In churn! in mo anal. mu chewed Q1-canon ad width
or an  as an puma pnttlm of airealattou
m mmnu la tho ma. Golan U99»). vim}-an sauna
(19111.  and  mm, sum» and Duluth
(1976) ma mm: at -1. (M81 also noun the 1-manna
tun  tantamount: dnkfl. in that!’ thalrtflal ad
obnrnflomll tnnflisnttou.

1.1.1» Immfiml

the chill  It is clear that tho pa-ha
of the ‘mud. titanic 01:0:-‘Lattfllt ts tha will field.
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It it wry Ila‘ Ippltnhlc £0 fin Iulflaa 6000:: when the
nut»: %uIi-rants arc imam! by flu manna: wtgdn qua 1-worn. -1
mat: dinwma annually 1» min we manna museum
an-am» 1» tho   m at an»-1;
tn t cloukulu  IMJ-0 dun-1_n5% the mflshcut.

0manna the  at ins  and muster-alaelzwiu
linen».  (1973) Glfldba an:  cimulatlca
pattam of the Indian  tutu ill» Biitlls nub an; the
changing monsoon gyro, the aunt‘-her: hcnilphnrh
;’§i°"é'£"S ’i'§e==m@ waters with the G11'%1ar Carruah Thu

l"l"IOl'i1fl3 nonnooa gyro is a unique feature of the Indian
while the othar tum aystma an statlar to the a0rtcspond
tag syatna or tho ather two nqor oceans. The mnswq gyrc
in unwanted tron tho aaibtrcplcal are by a vary pnnenod
rm: in um hydrwhmtaal stmcturu at mm 1e°s tun-nu,
19939. B1 Ifabmary itself the ¢umm :15» north um
fiat dun an:-tn of the aqfiatw. Waméwaart me.
muIu,1967)- B1 lay owrfmaro north at the equator, entrant
lion toward s out» During this period, the Eqmterlal
lbflhrnlrront whisk in pres/ant in am Atlantis and Paetfie
thruugmnt the rat, appears ta ncrga with the autwamd
Gurruut in ma Indian Onanh. The South
filrl-‘cat in ateafi! 391*!-"I th¢ antiro year and than
nut. It a atmagar during the mam-P v*nat%
lama» ad applies mat at its um» to the



17

th0%11dout. Ihonoaaooa
an; an  sinner in July at ca-rupoaaiag aurrcuts

\_.

ithll their   July. mo aotuut mason lasts
lonnrma finntrlhnutlllulfltll Id mam Iflfllttn are
gnunny high:  at than flan the labs‘ la can Ahbhn
an. mu, ma and-cnvnn pro an an Equatorial Indian Elana
in-ll; tbs  Inna ninth» at the osmium flowing
flfitnalllflll, th0mIth%hl'tc1firrfitaadthoB0a11
mult

‘Ibo ctmllatiol patton lnfiliilfl by the southwest Inseam
is Bllklllid Q88 Sqtdbflu Olly in Oetabtr 600: it lhrt to
Bllhl9UIIan6hfl8\l1!l‘Q1>iMtblIOt£Illil8IflBlB0n
(vu-anus and &ala,967). nu-lag this nun
an um iguana mun: 0.01:1  mm. am me as-rant
alngthcfllnnllflaatnnrualtadircctlnudtluua inwards
mouth. Ibo  in all ammu mm
um  ma ma  nu’ 8'2. or: en: coast of
mm nut or  at we am-an Bqmtorlalt
noun $0 quaint ad toms mo lgutnrlnil. Qbunborcnrrant.
A “Q81 if flaunt 01- (1932)  that has aunts start
tonvulltufiolqoftngnluafly utnhbnnry.
Mln of   Ihlfl pnudea finlfiuwn
dnulathl at we  in a Qlllill  In to dealt
filth
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lhohufilpinlotfiuriulttnapartetthu
gm it $0 llifioli Iii!-cl Min» A.-@;11oqb1ghum
ho nun lam an   fin, auuu we wat
Iuiflnutnthnloiihatihllliltlnlilnlaliflaritflawunborn.
otiunnitotnniyflifllnlllltrnlior ac antenna».
I0aI‘lI|lIs1nJ§ly1i1al\t09wIllI@&0fla1OlI'l'Il% 09119;:

uutcnatormntdul. maunwd-(1978)anpada»an1
u‘Z’mnmo,,cmm  oi‘: mum 2's 0:4 a'a ad xm
thn§tb0nuugnaa10¢umotfinmdhI\Inh0rla16arrnt
II&’~llIIt$II1IlIrlUI39§/Illa Itallinghuwtththat
u-mamunamummmxpuunwrmnsafa
Cflnnniflic)». mlnngacunbaslaaunacthnfiefih
13ablNal6'8nnlfl°8 (mm at =1-192:).
Iwnmqimuunmtfluuaatuuuuonuqmaaa
031:2 htlntin $0 u\@hcr~0|umthit the you, the
wznuunarflcfiaruuaaahnqnnuunanunvuzuwan
mama.  M, in 0;» ltflatlgatonapuuto

mlqulutuuranhthnlauufiucnutho
QB Quint. It ts  tan admit’: not (1935)
tlai1ttsaIIlNnhIlqI!cu'I|It11hih@t8tnn
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all Innis with  ma it amazes tho
uqlnter    tho   and lb shut
firing the rut or tun rout;  tho mmaaat manna themanuals  to that aw: we
Ioflfl-Q GI!  4   lnflhwast mama
tit din llghl GUI!‘ Q  flown ta wqlatdy dissimilar
M that our Nu mar  In ma pnnzular wntcxt, we
Quinn er tbs it   fit nflhaat mmooa
man ahnladulqflawrthnatmaaata or modal
sacral.  ad “notational studios
haw  an-la at to at a  ptahro at tho
and its  ta maxi]. cimulatim
or in auoapuuro.  to  at n1~(1966), seam
mufl.  an an mm sun at aw-an ales std:
nun; the m-an finals» hit of the him 190:6
1:1  ta the  1&0? ad. totem: upwelling
ulna  mat mar: khan 5°’! E9 “'1, sun the entire
an  mu is  by mo  unto: with tim
aaznsanuuwfim Ydafity -a4s%na: msnm
1I:r%l Inward mrwnut  the out tram
wvqnmruv‘-9°i,vnmz:  tanaehnuinmas this    uftamro
an cast a 9'!    ms). em am: currat
aft an wm  aorta; tho mama sauna

. *5.

in   ma tho  u mm; gantrnphtc mm m u
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mi

Iflnhl in load. Ilfllill can nun oattuntoaignnnn
"lid-$1» mm J99 an/nu. an mupn tang! batman
99 an w‘u3/an an as:  (emu: ad an-uu,m6>.
@$Iitillla0!'lIIno(1969}smuthntthot1-nnsponottao

’.lll5'l1U(s3/lflIOl'°*'@9Ifll%819‘I3/Illlbl
9-1600:. Inn0nu4701Inn(1969)9rnIthat:trolgaa
can cttflon hm  sun: an-not dull;
thonnl%utnIunl\n:1oapan1aahn‘lnwnnr!aooau'1ag.
tbIli!fi0utiIln0l¢ thlallifllfaltnddpuaflaflhavogu
fltbotnmaapnfiattnasnuultiurnat. La:-gapartao!
we Blunt unit an  ta a tutu» our, an
nan of amen 1»  aw in octane.  nlnntol
ally nrofihc cu» mus we In pm-nu n an oust.
BI£IQ(19?0) @111” ms fin Iyotdot 11410: tathnahlm
Sutatcttntoiyeonaooldultbmcirintuorthonaaaon

hélfiocflllwlltnboflnniurlnttataflnanfl
ttulocdltnh. 8It;n1|fl|1nm0anatnn0bi§i;lnh
filIiI'§lbfl1IiOt'bO&I&?flll&I'PDI~ hob}
mar: ‘mam; at   gaunt  ac an!
lblatinstqgoildlroanaadnfitnttlypmgorttnalw
mun  uithnfllfllijhaalqet 1: ms (Mu
Q0 aalltdéa $971). Illa (1973)  ohydnlruhlq
nanyo!&c%I.1&rIlU£htwI¢Ifl|00qIubral6i2°Icdzduotnuturonsohanad
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to      of unseen.at tn mi at  an-out
In mo  at   no an ta ma (19%),
Q?!   mi P106150: 097*».t if   at
an   “ti  but mafia an tar we study the
tint  at m  that ml an of the vita than
an  undated  at flI~a2l.at10a pattern ta mat $011

2h0L[l1halfirP1II&1laJ.00lpart0f tho
gyro witch is  an a Oh-‘On; autumn
carrwa. Tho mnlhaa firm: atoms rm; tho
aw&e£tbcl!da;a@inJ.ands1.¢uthQBm'-harrlcaa
m is an w gag  nqumrzu m
(kI'Qfl£r¢ ,19“)¢ A  lllfl‘ lint 296 Q/sea la
minded at fin can at we artist. Bu bu we Joint
of $0 mafia“ trade!  of fit cqflzwr £6
mu: north at the cqnamr, the Equatorial
an  inflected with 01' the oqnmr during
um  mum-. Renee)-he )01't16+f tbs mm:
mmnn mm:  mun or W0 Iamfivr in nan
uhiah  in an  M $90 M9155»! °¢"W*
an-in the  Iouw mail the aarwnrn winter
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tho nerfian  adds  north or tan cumin:
anqmq an Bail:   um at can agate:
aunanzu :nmnamnmqarm¢mm=mrn:
(m:waw.a,19ii»). za Q any, Puma (aw) mm;uh     cnmmnt under:
"*1 mu ill‘ 0! bl Of!‘ manly, in magma to m
cGD%Ile tuning. 6&1:  atndiu about tha
Alli-ha:  all 400 £0  H963), ma NW2),
(19791 1976) ad  Hfiih

11:0 lqliotlal  10 pl-unfit in fin
Atlfla ad mane um: ut the nu» hi in am
Iudtaa Qua, it 1: generally &t 0:1; earn; the aorthuat
mi. Btttntniu at  uni abut tho ported of
at the  ilndo%t in flu India: 9%.
an and  H967! ax-rhi an as first mama stunt;
at tbs  in tbs Indian 0% in ‘l‘9‘2"53. innway  the u:ta% or
mama  1% $1’: 1» am am at 92’: in
@211;  H90», 196?) utubnnhad tho pauaa at me
w@@§ in fla   Gan fan  mm» mu
0t%OB!%lflIBlm0ILW &hI%i0.£t-bl! Ilblfiinfl
lama. &um(‘l9$8) Inn W0 @0111 awrvflhr 9! "Ifil  01’ film  in the India
&cuflat8n- Arumabmatwo
1: an Inna  du'!.u__ hbrllurr-18». 197$
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an 19%  finals magnum: at a strung
(80 m/an sqnm-uz  magma an puma
of automation (beta: and 1,19%)» Fm: the wim
gmhla charutonatioa,  at. :1» (19%) naaa
tflblpwulfltuthoiadiafiaom ha
iihaty tn JIO with I $131.0; at its core tron aorta or tau
M  muuau H956) in a tbnnrctlcal stud;
lunch!“ that n nléorurrwa can In toned it the maul
flnmntl of wind Itruu trrupootlvn or an 411-eaton, nu
largo alattn tn tho terminal common». saw auditions
an find in than 154118 flaw mu-ta; the ma of Eh: mrthcaat
8151068. all the earlier nmtloud ctadilo Quanta than
pram“ or the  in the Indian Guns during ma
hits: part or the mu-than Iou%,  lQPOI'§$-8‘ thc
than at Robina. ma tmz-tau mild bl nun ti:
tawctis-zata into farther amm of this than ad to find
Mt whether it is truly mlienblo to ma Indian Goon.

mean 981001;} mu: an the Indian Gonna 1;
an Equatorial .m sums by writ: (19730 mun Ippmroll
in strung mum aims Aorta; tun tamtnon mum s.
nu Iota nnaqactud in tha%17lqoo4’nrtu0
uncut:  II we warn“-qua ottlau at aural
conflict‘ It in silo all  y mm: £1971) in we
anmt&a1~tanI||tbnlgkith1aaaotbeanportd ua



24

“junta  fun we %atorI.n1  Bystln will
W73» the an  in null  lq an again in banter
alllvnbor» fliufltfithnffioitttaaboflflfllmnadla
placid  tin eqmhr.  am ia atnngut butvum so‘:
flu: fie orange  flow $90010 aftcn mend
65 O/tn»  alas or 29$ cl/we have also hon
I'l|\I1'h6.  “rut entrant Ieiulrllluto at Taft ma Kuuu
(1967) in It! 1963   aw that the marina flow. at
flan equator arm mum Q an/no which flecreasu 1-@161;
ta a depth at 89 a and  dimetioa below 120 1. 0"R1In
and an-mart (197%) an a zzmuueu ctplcnat-inn 0! =5.
Jet 1n the Indian ocean. current uamrmnta our
laoarly tun years at Gm mar the llaladin Islands confirm tho
%a§p0aranca or the Jet in the thornelino as well as at the
min“ with speed standing 100 Q/Inc (Knoz,19’f6). During
that cairn of 0 hydrugrmlc ant"! I-Q50  $0°@'E to
95°: uwm 1°: as 1°s in mambo!‘ 1976 and January 1977, 1
logo ulna at nominal; aim: water is tome! along am
oqlintuzgeut of ho flaladive Islands vh!-ah is 159%! 57 W0
lqnawrhi. an in-1a»a,m9>.

‘Ibo 801% Ewfiorlai 0a|ut%out as first
gy 34¢ 1,; 1959.  fl€ ltdobm (1957 1,1»)
than/tiallr vrwflctd the panama or the autumn! noun
Goutoaurut in my Ia“ halite. an trqufl.
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tn wolldiazafianain ainllarm mo ab
§I§_,IQu'1¢¢ Ma and
(1969) tdillflfid it to fin  Patric batman
N‘  15'!‘ In bth fin  Oh: pIIillI1‘Q grmlimt tuna
fly  $05!!  illédatld with tho tmyinl
an tum the  sauna (1976) wand the
puma at tho with Rqnwiol Qomtnaunmt am than
n10ng6$°3hrl.n; rm muthnat mama.
hams It cl-H982)  mu auteur! mung fionth Equatorial
eamowna on bah fin $0 and W0-01/1: urfaeu from 77°B
so   12's ad ifs.   all-nit!
mun ta be  for tho tonnattoa or tauin mu or the taut am: an
Qnnfling with are u$u‘1y- mun at at-(1982) also fond
mu  eaaaam-ms  20° nu #8 cu ca: 300-11/z
our the new at who cum. Iceman (19%) 2001-ta
anon; and mam;  nlnchhfl nan tho1  structured an
%lI'lir!'I!t in waiultnflaannnshnraportd
3 hall Katha at :1-(1982)1.a.$

the intern and “sham noun:-1 on of the Indian
Cam no E? ad flu-7'8 nmwtivdy. Ia tho aaathnatnra,
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‘N  ts  glad anal  Strait and thinan-r0||a&6n
Btrdt ad  "Strain no aura» nu with thou
is 75.118 1   or about 31$ at the gun,»
at all Owns.  nine of the Indian can ta about
QSJQQQWQ  I14 8&0 “binge dqth 10 abfl 335$. ho
lad!-an IIIIB fiittua fun the Pacific nné  in
hm Initial: agate. Lrtratlplt is lull  ta tho
norm an an mt extend tutu the 01¢ climatic anus or
tho mrfiarn  and wunqllufly 10 u$l§l1&|I-‘I. dth
mum to its uinnlatiou. %alJ.7, the wild qlhu our
ltn equatorial am northern portions ohms um in an you
Inning an flint asmloto mural of its circulation
cniaaunllr.

During 1&0 in the no:-than hqtancro tau Jae
tlmagh Aunt, a In praauml sync la hnlopd our an
with Q0 tuna can mum: dun-It‘ the ab-tnpial
high prunru rid‘: at Nu anthem lntqhon
an-thn.r¢ ml continua tnte 1 Ha prawn uatn our
his anus we  trades or the
aouthonmd.s|icmnonoaath0oqnboru:ltnrnhl0IilvIIlIP
Bu 4:0 in he  of sauna ton» fatten ubrkcra
thatalupauatalrcauamuaphr,
puttefl.a:1.ynatthnuttInnah1Img£&"¢£th0llIrth
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thoqtuatngilihrluguia mun
§"°>*95"$  an aln,$970). ma in the
or lama  nuuau~

slut» ta an northern  rm
mun:  nu-an-y, aha qngmruz  pfllanrc though
11» at abut 1fl'8» A  Mm: pa-cairn cysts: is aitmtod
am. his aemw  mo aumuatorltu ta him:
north at m  this 1: we mutant
manna anon or tho Indium

Mmtuaad nanzwotthannwasmry
no 10001“! U0 thl  the linfiuut manna la
aot!'fl.1yeno1opo6onrthc8qo£%1nt1J.tlun1dd1c
0t8‘@0Ih11u1nmn0guuiatta1rm.on1tntamh|tho
othynfinnrthcuzbiufinbythcndotfiay.
!hnnirwuatifl.yanm0utm94u1adaotthonarth0utamnaaa
uwlnnphglnwflntnbbwrkhoapartnthnkyot /%
lnngaltaflowtarlntmnyavcanthllyuhbltahaéonr
flnarluntflldvlbornfitufiudflhompnrtofmoflqy
QQQI 0!‘ flu “Mb.   Iflflllll prchllmtla
nrrfiouctonrogtameithehrmlwtafiomaailotno

09" tan  mu um ms wry  all unable damn
that trunnion parted:  wt   (lamb-A;rt1
fll8Q%IIhlI'~0=0l0bIt)¢
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he gutter: It  tmlntura chaps
community 11:8 nun». Dina; Ina-an an the ncz is

Y

nurtfa, hottcnnoqunbrlc  the amen
Ufillbfltndtatotthualil bflmna fiolqatorafi
mind! uqoatuoa  8'0; Eh! until’ tn the northern
parhofthofiuatllaul ndArnHaa8a1a&cooiI.araad
§@fl'\%Ir0 Dd.“ $53 an it fund tn its an-than portions
o£thoPd;'fln6fl.tn:lBanlsun Iahoaouuonhcllpharo
Oqnakrc fioctlull [radially Zn: tho tropic: to the
raglan» Burfaflo tlrmlattlm attach: 81:0 flttrlbnttoa
or tqnntuo and mm wotir sprain atom tau cunt at
Afllln Q! and sitar - off the ant nut of Australia.
Ilsigutflp taqontuuaru told in thcmrhbauhntw
photo and in tau  raga. ‘mo sum Gaunt duct:
inllcpvollodutcraiongthclutcoaatotarrtcatntho
‘E’

the distribution or oath“ salinity LI entailed
Iy aupontta at prlatplhti-as and Q  ott ten fin
nnfl-mutt» High  alutttu htpor than 36$-an
fulfil: the ?10I1 filter the  bctfliifl
amputation ands pnomtatlam An can or In
atvuMhuhnnthnIudouc|tuut0fll10It10'8
‘xx tanned by tho nan warm an the
tragic: ad an lay the  at the  final ac»
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,t&l%!hE'@n»&0r1a1
W%- Ihluerluumhnnnzuuuuuuzeuzmn
an 1  If   dtlflczga. Hanna at
ih0thl8<%$nIln~u2$nfluuhtghu36-5..  tntaafcratnmalr1:-quasi“ mama
at mam nun  tau. ‘Ibo annual
at aunt;  ts  wry wan panama!
filfiihfishyatllnatibiflmtnlidtylathawppu
ilrflinllufrmulnwaafimailfi,

l&o:fl.unn1o0¢wofinfl.i-n80utn¢n~a.ila6out.

mam bfllariu or flu  Iifi fin natal: uonptlon
urban:-Uh? Inéiflefiflfiu  art an south
fllutfiluflotimlulnnlnilututhoéoqlmnraotabnut
99l3.uIunhaflhhaupn11d at0tI~uuhuthn%mtaahy
In €&mInu,1973)-  on Implant many!
filuotfintkcnunaulninatthnnufinntnnueomnnn
i  fill 18 if %QiII lfihatla/1973)think:

Ml

an  ta  flfl   aunts;
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}(‘W‘U,LQIIl-1lIiOIiI1'tO!‘1’ihllGlfi§l4l0tIm1l IN!
Mifly. In; |tnq,h!uIl(i$) @1010: mat

at    granite in the
Iufin   10's. nu  iafiitigttlnn is u-am
tun 16°: m 116’:,wmn m°s an mu an-than bomflary qr
ntillfitug we an fin an  em.
*I~1~‘

Q

ma lain ouufiwu or tun  iavcsttgntton an1.
at the viii strut in am Iufiian Gun mé to
am ma:  ad the variation

11¢ M   In} at the  nun: ta tho
Ifllnflelna mi  Iwlttl  and Na

ttt¢h  N10  pattern at the India
final!  ha aha; its qattal and the vatlaflut

£1. In Qrlllitc  Mantrtbltlfll at tho um stun
all  at  an nuns with the ctmalattaa
putts:-a
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1. hdqnaafiuutunbaflntnhtionetmo
win: lttuuaufialrlctfibcviadshaasaadtnc
I890!-ISOG  mm that at cm other
QQIIIIQ%

tht rattan Infill: at 11:8-drtru own circulation
nrliu alumni, tho ge-floral Intuit: equation cam be wrtttm
u

2.

584?-gr \ 295"’/'*"’?“’*/2-%“-fl¢>

I MI Q  W (V‘l"g‘_)
to tbs stun faction tar the hm-{natal an truspert, 8
ls flu Qqth or  Qua whim 1| Qonfldoroa as mutant, z ta
the ouafl true arias, J in we Janna amnion;/3 tn;
Quintin elf the mrlalu parameter K, P1: the
dill“) of Qatar :55 ‘f is km hotlfltt-‘L wind atria: mm»
at  10101. flu f$t1¢n E’ tuflhatn friction mun varies
ma  $015

nustrnqnrt %un1 nth
3

‘” I8:/(’Q¢dln-ac'2;"lfi4.
Z

Iv -/W" ~§Zs‘I
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@unIl:1a¢thuahn»uqmtnnu;ot we tuna'-*'%fi   19%), tsZ‘,_ ‘I
lip in name m tn wmm um: 1-111 an

prqortieanl w tho  at tho stud stun
%IIQth

no plural art-1&9! @i-on anruaa a hula
batman mo  at tin: , sou-ltnurtty, the
fi u£tect,1'rlat1ou fl vim  2&0 llfi-% 1160 at tau
wanna 60908: an ‘Y fix: the  ado 1: in
tuna». this pan: flatly an an an at the
wind stun an the awn in 0" £ a1 minty
in “inning than elm-drlvu e% eiralatlma. inn than
of tan arr! of tan wind strum, 01010110 and
an-ta: an In 0%  the an contour
inflates tho  batman than

inhuman for mop:-amt nut! has was fun
flit  Gait! 0!’ fin  Nrflhtt ad wild: at I’-ha
am: nwtlon um» ow  afl mumuuea
maria’  ty we  Iitfinrlalfia
Institute in 195:. mm   had on narration: offit   Ball    at $0 Ital‘ fut
I §§@l'%I1.I%
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fill than $1.110, fit dtuctin of fin winds are
torntuflludbrt mlaonz-2°
Similarly, flu airmcttea and

For the  an rqnnnted by mania: urns
I  of ullilial I110: per dag nmlctlnly in 00¢um with am mm ar

rm  also amid» détfilml £1011: of rattan
fir grunts, tnqontnrc mil non tho!» more an certain
in we data at tin mime uitmu cbhind fmn
eta:-nmm at saws drift ma the um an. m attest of
I!-ll OI than my and the cum‘: in patties fixing at the
the  or drift data. the ohornzioan
onrqa our 1  at 12 M  warn. L button
at duh in main, time ma abunatiaaa us mostly
clnmtntofi on km  tutu. Very an £:s mi theof tidal   In  tn the Atlu.

It Qtto of than than an the matad but coqtlufi M.’ W0
wfltmd U‘   {swallow an Bria,
Ionic: at 1191957).  obviates at tan M
(1967),  all  (1966) and I-Mill and $0801
(  £10001; qua 111%  ht: Quanta! ta mu atlas,
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tar tho  with mu shat Quintin:
during the tnaaltia %ha1»?-i

no anal and meridian; amounts or the wind at:-nu
has has oo%d wing the bulk andyaate formula,

Z I P 0932

T in the an stun (mu cf‘), P in an dwelt) of
air in q:“'3>, cl, m am nadrident an u an wind qua
(Q 1"‘):

‘Ibo winds an always unsaved tron the north and

the anal eonpmnt at the wind stress Z :aPCDH2 31$
nd anmml wapna: at the um stress T, . P 09112 G009
liar: O la tho angle at an Iliad water tram mrth.

The ulna or/’ la takm as 1.&$9 x 10"3 gs “'3.
flu Quintin or mo drag au1’f1dIat ma ls a dtnauionlua
quantity is 1 prunes. Vartom atifltu ban been carried
an to Giana the uleotinn of we 41-1; mcrrtciout and its
nriaflall.  (19%?) £883“ a jlp in we drag mntfidunt
at lama 1».  (1953) an 1|  0.8 1 1o"'3 m
um having qua balm: 6.6 an nu" an 2.6 x 10"-3 tor
cam nun and ‘ma  n nu". mzamu (196%) in
Mm qdatcfi “tint: of utafl Gt:-‘Ins W81‘ tho IBUM Ian,
duh 1 V1100 with ll-0 pbnmt jflp at Blndbrl 11-. hay
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an  mrfldm. 8:18:
1 ulna  z w"'3  an Inna Gnu. mun am
(196?) fill: an lrfliatte Alanna or tuarcau at tho
tn; natflflmlt in thl rmo at an  1-5 to 10.5 a la"
U965),~1”IOI Ma Om Ifluwflliutn as I011 an a %ar1nnIl
at mu  at anal  mama, onus to tho
mm in an an more  2 a 12 I nu", than
10 an Inflation at the am;  K0 :1» atmrlsd
thovalnnorénad r»-mm: tIn1cre1athormcot1.0t0
1.3 1 w"3 mm zanmml anon at 17 so 3 pa-waa. man
($979) III: I ulna 1.2 z i0"'3 for his agitation of the aid
at flu \|1t\ilatr0sl in the 141101: Infliua fienaa. Badgllay at :1
mocn the  of the an; aattletnt as 1.11» x $06.
M6 Ktlgomlycr (1972) an the huh at  prctilc
in we  md tho blue Ba so will II in
ulna: Beau, aanllflls that at fin! spud: lntuun
5 an 12 1  "", an am watflaimt our 11-ithtlr damn
on  Ii-ad “hail. may |;11\I 0 also 1.3 x i0""3 4; 16
Q“ 3,‘; pg  w the malts ‘bf’ direct unna
Illlis 18 various ragtmls of the @¢llfl$- A constant vain for
an am uurnuns ( 1.3 1 10'“) tn Quid mama; to
and ntrul  him  um the S29
pflfllci (nuns: ad 1un1u,1973) whim In nmfimt
dnfinu at any oottfidca on  qul it flllfllflo
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flIl1afl!,lut0M;mflu!u 61'   strua or Ilnntm
um mm; dialt e-stints: an am: on -= (1.3 to
11$) I ‘l0*3  Ii ammo flflh Q7 lflaidunhln flflflt 0! nutter
al an Illuwhtalty at the Imflfl‘ m to 30% (Panda: 11-,
197'») . tho am“ mvumza nun“ prm
ch doe; mt tlnnaa apépraciably with tternaaing wind
1'»: nun wind qua; min 17 a n¢"‘. Tho mama
nvtragluld ap0d0filrved£nthn1m1a6nm talmmwm
17 n an "K an,  its pflimt lahsttuttoa the van 0! the
an; mrnum u mm as 1.3 1 W3 ma u 1 nuomnu
run tor tau Iain   the nun and or findun

thuoaquhttaottheadndakraaahuheaaeantafi
an-anrfaqnrumramauwnn1ma%t0rpmgrun:o.1-2.:

Ihaarlflfwautm atrlukubonoenpttd by
than éittnmeu nathod U818] ma thank _.. " a6n1‘L=

0
2.1:

Q

Q»

it

‘*£-{(11 +£,~)*(Z'k+Z,) -('Z':‘_,-(),(Z': , )3]em W  3
ygggqzxggfianthnnmlmdauldiomlomaantaof
vial at-an  A; to 1' 3-flfltlilfii $3199 3!}
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an A r In 1' sauna Wis: In).

fluuwnmalfinhnadaatlnnunmn
hnrlatitulumho tnoconnrglugit  in  at inn It nmdud,

‘!lo%llttlnotlhom'1otthnwhd annulustin aanlod at lurk‘   tor

Inequtlagthoulllfiatruannacurlotthoulm
a%huo,&0:a|ly6t1-olttonaarohkoopsittntothocut

Glittlilhilbnndrwlfctthlulld ltrcumd
mint tho  atlas tbrtafi uni. nu. contouring
iifl&|l'lll4aI\anonraqot&ovu1Iuanu0t1e0dtoln
IuIynI&o1’n6n1nthIhnth0;0ucIAa1pattonnd1tthq
touoililllctionqlibvlllllarltgbrnil.
Ihuclllolrtqhulalhlclblfltaqotlalandttu
vutntlnnotllfltlathottoldnafulnistnnudnrietthn
flllttllllafihflfltllkllfiflthtlltpltttnofgllllral

‘lo-2-3
ihnltnulattulpatton {Q9011  Inn
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ilaréur it away tho
liltlhrtttoc in we at-rnfliu paths: in  to who

in an  mm,  nu an plntteé Q, ,
$1! 5l£01I¢fnrI'nvIpfi&I5$nthnflrat1.eao1’ we
flu at :11 chasm.  A an drum tree-hm,deny: $081963-I inch: at
zuzem mm» as tutu»  mu  nutrletad
IQIIIIQG QB:  of flaw at flu!) placl.  W0
of %t tutor %1a pun in Qua 2° square, mm
n rlprnlakatteu at atr&i~nIl  flu a ninth arepattern ll!’

fhongfltmiotnfimrflflvnwr 1-Iplnttduua
man» mu at the mm or um 2‘ aqua ma nuns.
lulicatta equal spud:  arm. than  an agar
cn mo at:-sultan-pattan in 026:: to at tha
Itrtliiaa and god at wanna at tau an tho.

1.2.1»  aptuantatin  (65%. 17% ad
Bf!) no  ad and nmuunta at an strum ad

or not 1 rupnantatta in ta study tan  nuvariations at  ant  ad to
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fin ntatlnnflp htnm firm.

Baa the data ’lI‘-95> have  001100140! in

furl at  plums on different his of
mu law, the gatzuu at tha an-1 field ma circulation
turnwaomhcmnatbncamidora
flan patterns an a rdtabla and oaupz-abusive
cap-aiallr, mu tn: an eaut with rev limi
atlna avid“ HI: fin type fit data am mama; at analysis.
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<* , w%~*  =  ?   @u I rfm Mr u j

!b0choqhauontoou1inrduutbcno¢7nn1c
0&8 Qtld 10  drlill by fin QQQOQCIIO diffcrillnu
tntn0n1o\|nndh1¢1nt1tIhn Inttlthcoaanqtho
\@OIItn'c 01' afltflty dittuanmn  the cqnutor an
pulnuphynlyallnrlolctalnltinttacononloartaoa

tan nilullatin is the  strum tlunlba, m l.In1q'lgo
nfthoulalllauiintrlhufloilanulmtaltndrattc
plulaitutnu or tho  dtcflntlon at the onus.

muasamm armamaannama
aqnllnuotmuha  anpauatod
tnfl@n1h12- flsonhdldauunapaanturunar
nlum.naqnunh. nopmMna\nl.uaa1-Ldtonl.
clqnluntsrnnoautcnwunréaflnurtuvarcwtaantroao,

uut1n:'la&nam|\flflnl|trua  1&3:
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dtutlllallinnmtfloutnlntau that the
auufluuotuunuuiaflnhuhtannadmcanbIuuhadawru.
IUI\~UIIlIl~ It!»atntjuI¢h1ohfl.1lhtu0annu

naunhllmotnrtutlnplaoahpi-an DMQIQ

hanewnafmanapnhmatahnohyulnpa.

Inna  M0  Qhtrltuttn or my

along 2'8 Inputs:   Ilnhtau in tho
nl!thalautnardvu¢nrn¢tathoIn&tlInlayh
mi»-nu. um» mu st m  an-am: 10
iniilytutsoanlrtcl 800-  attic
is ¢l|lfl'IIli.Ilt)fll8I’tIh01'
pnniilhthlnflrc Imlaflcan
puuoxaflnnnnm. lldibvdniotthonnrfimfl
sahtalalanotlultaiflg tatioflnallfiurnntngtoa.
!hoalnh1y'nrtati.n0tflaaamn!¢ndIrthwa:lnnl
nIIlnsal&ot2'IhmylIi|pronIndufithocoat0nn
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that rm  £6 tho latitudes indicating study wind:
nor this region.

Guaditiaan at tht  lnlloca ma {run
I&I' t-hr0@ ?l§l‘I81'Ir A hilt of untwarfi wind atreu
1: obulrild 1|: bltuuu tho wtstuard wind stuns in the northern
mi  parts of tn: emu. Thu Somali Qurreut region
=@0Ii-flan Itntnrfi wind stun thmliwnt the aura with
tho lcflaul 10100. in Janmty.  nines at the southward
Iildttrcas are pnlrllly awe: in Danube: and In-nary. the
variation of an um atriss south at zo°s 1; not
naaptanu. In gem:-:1, fin  M urmioml mpaoata
it the Iladatun an mnaldorahly highs! during the loIth
first mama thn tho uormuut $08003;

Hinds abut ta menus ta the anthem parts at
the Buy or  ma aarwuntom parts or the Arabian Bla
by Sara» the twma-11:1 at tin vim stun 10 an-tony
I@nkI% daring thin trmaltiea 302$“; A rfllati-1'01!
hit of outward stun is ablervné ta the antral uqaurlal
raglan in April-lay md r.

ma aiatrlbutton at the and and arldioaal
acquaint: at mo vim auaaa in um math £8 dtmilfll
in the tollawiug nflfilnh in dtidl 

33353
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Infill! (315.10) an  (autumn) an-tn or the
imam ma ma at ifs. Blhmln the qmwr we 12°s
flay an 9611311! (¢I.:t\ra;'6}1» The region at the mm
ll! N 591095 3! W0 an suntan: at the wiadatrcu.
the are mun:   fin  hcntppharo wast
at 60‘: cad late tho   ma ur ao°a. m
unkind ultra: narth at &0 qflntnrd:1vea the wutwud
null; Iurth Iqawrhl Gurvmt» Fran tan distribution or
the Illléstnn it in clear that thy firth Eqmwual Currant
ixtfia into the lfiiiflllllll hmlmcro wast or 60°E and
smitten unto: to the E¢ab1-101 Gontnnurout. and tho
lczuflqlb Ghrrnt. the waatvard atria mam ‘finally
net: butane: the omtor ad 12% 61-1!» tho Equatorial
Gmntnl-am'rcut.% mun it raaehn than coast at Santa, the
hut-0:101 Gomtorourlut fl.wa% into the southern hcntaphoa
ml lqpliu  to the will Equatorial Current. Uutward
strum prdmaauc with 01‘ ‘!2°8 and drivel the south
lqutorhl $02002. ma distribution at the anal eanpoamta
at the wind atria: in we Bay of B3936. mans no dirtorcncc
fiat in the labia fin. %Ga01*I.117; thn iamnatty or
til mil ouybltntl of the wind lb:-can £8 ompraefl-W1!
19¢ 11 Jgggny uwmtmqh h1% nlun art 16¢ nut the
800111 Gout. ‘nu umun   our the mt!"
1| om mm 17.3 1 16"“ aym Q‘: in the scan
raglan. Lover ulna an ahslrvnd in the oqnnknrlnl "I19"
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at co‘: mi an our an man er mu‘, nan,

unkind  at tun utallotau in
Iflltfl (I'll-ti) an nolalhl Qlllihnrd) writ or 10% and
panama (northward) ma or 10's. 11» lulu ant an
lfili. hut Irwrlcnotl higher awkward stuns. run tho
of the dldntrun, it in altar that the aunt
aftthcaunnltficotflavlwwalflslndbuntndtatadby
G50 I0!!! lqlltitltl

In he until! ad nth?! parts of wt oqlntortal
tutu, the wutvarl flatten: not-Uh Gun nlflnrari wind
Itton. M110 wlflmml  atrul fluids fin wutlnrd wind
atria in tho ant:-cl. oqnuhtlal rod»: )  and Qnnfillntl
or mu ulna um» anal: we unwind cannons or the
Ina urns: south at the equine.

will tenants at ho and st:-an in
rattan; (rum) an again omnpt an 1 ms iotvau is
nu-1:‘: an an m anthem pm at an Bu 01’ a-an an
lulu Gin he uni-ward stun la the lay of Ducal in
umamaquuzummun an. m ugtuuaurtha
nut unagaaa at 16's mam» vlntucti nan 10 was
uuurunmnmrmmz am nun:-. am mu:
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ado! flan ban 81¢“ ulna ma docaua aorthura ad
lifinth ho  than tourism: with or 12's. tho
at  aroma  2'8 at ifs an nape: than
$8 it Inn!” this built 01’ tutu!!! Itrna when with
or the qua:-pun 1»: serfs.

Ii» mmua stuns north of 2's and ma or 12°s
nu» tin notnrl flowing mm lpwrtd. current an: south
roapoottaly. ta custard nun ta
than Anna the Iutnrd nah; Sqnwrhl Gunter

\

GIl'III'l1lhI.&1ht0BQ10t01y1IthODINiOIIlh £¢pbor0.
calamari struatatbtaorfiornpnttoot IMQM Bengal
min-ahtaasnmouathntflnuiadaotunzorewnoby
binary halt. Ianrvahuottta annlnupoaunts no
Iiuirflillllhiohrlhirlpnrtlofihihrlfiaflfiliulf-bye!
Bnap1m|lJnt»aonhet3°8~ mohlghttvlluaarnaotod
um-meumcnnzaa m.:ws.

tin nautical %n"h are aogatlvt (continuum!)
in library (Fig.5) uapt sum at 10's. the alum of
%rd stun an alga: in the Arabian an than than ta
-fio Buy at $311. rho out ad nut mun at India record
111800. The n1,uca at the  stroll an higher
nou&nlIun11dr>a|tnad!.ath0oaatmrupartoot_tho south
India! Blah ‘flu 101!" of the aortmmrd atria: with of
We m nanny um ma mm» ta January.
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fillllllilflllflhltmnflllntruanahiyattha
ii¢II*lfl¢Il1¢=IvIIInhzuwn¢annu-qloananuoz
Illa!  hunt ta the  an, tnuqnun at mm
fliilttom !\onu'll$a|I.lQtlln\not&ou1ua stun
lUlIflIllOIIal.0lIIIH88lI.l80l’fl'B1ntIalqIa80l'ln1
10¢!» 8Iutbo1’mo0qluhr,th0nna1nQ0nnzaottlu
fllflttruncllfitallynaeoétholvlrldttnaloaqomata.

thclllll-0%°0lfl»l¢l’thou£ndltr0uur0
upun mama (111.30 camps an of 90°: hatred an
tqmtorull Waumurmumn putucttbouahlunhnfl motmm. an
Antl.n8laa||6h7o£lnu1naui10u0rvn2.nuo£uut
an! can atau but bunt aha on almond in the ennui.
ugta and to we unborn parts at tho Imam Gena. no
nlncaotthooutnflutnflnraua-olnortaaathoaotn
'I§IIIIO

tlilnlrtltihlonqollutaotmuhl stunts
llrfl (ll;-D) an suntan Olllpl stilt or 8'8 ad an mo
Iultclnatcrtlaltaularuth. tbonllllnnl stunts
thnhaotllngnlhlaulrthnlhatlararuuniltao
nmlcwnltttocnulaohnenntgnthclqetlnnlly
lanluhhfiopnnnlllllthn. Bnualmtl|1¢un1n»uo
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ta ht    £0 than tn the adjant
at Qumran! stun an oburvod an me
lglnhlhl z-nan.  ntrua 3107111: mu 1»: B's and
IIl&@fl¢ m nu of we  sinus wnstdah
tenants  h that in the other mam. ma aarm
nnrl anew:  an: the nut  at India 12610;» the
at tho mu to  nnflvut0r1iaa
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09$ of the equator In ulna! purullll to &0 latltadu.
8080111‘; thu nllu urn 101001 than thou la Mash tho out
nut at imam and t-ho ago: batman Afflcl and Belugas;
1100 record but vduna or tho Iltiialll find stun.

flu Iirldioual %nnnts of fin wild Itrnu arc
Quilt!!! la  (F1g<-95) to tin with Indian Dunn
Illa study exempt in the canton parts of the min 80:.
!hoar0\¢o1or0dhgtha%nn:fiuladn~tr0a|tmrna0l
cooltdlrably mu up»: to aqua»: ma cztuadz mu an‘:
coanqnm-u:uuueb'ua?6'a.
region ruin!!! the hlglnt ulna at Ivrlflannl dad stuns of
about ma :19" mm 8.20 Ila ammo qr m northward
Ill! atrial In fit by of B0311 10 rilatiflly nuke! than
Shot la the miter: part-1 at the Arabia 80:. ‘Ibo oqnutortll
mi. tin northern part: or tho wan rum:-at than Imnr
uhll at the northnud wind stun with hips: ulna 1a
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Mural. lnlonlynflhnnllacrlaatmnlnobuoiunud
azuulclivr. gag» ulna armmrumm nu:
ltrusO1'ahjt2\I:%0"6ylaQ"21l0bonnd canal‘
106':  10': at 1#'s.

tluaulfitoualnqnnntaottludad unnamed
lad. aqnnu ta  oqnahrhl nun not or
flu Ind. nlllulnta of thinrlafi dross anal the nnlltiml
u@0lQt01athoAraMa8aad lntlucqntarlal region
out of 60%. the will celpncnts are higher the we nlrldiold.
coupolntatn mnmunqamsummamnmar
the Qua. Pu-ualu mam m in ado abut an graham
aa at in and %cI8a or the vial stun Oar flu nor!
uauounnnumnvo°u9o°xuumaa'lna:°s.

tinnitus: natrthtta or tho maul oaquanta
or CDO-flmfi flan dun; lunlloatu tho trnltttnd. throats:
if Hlfiltbflfillli Ibltiwlltllilfliibkbfltflhfllt
Qllllll (I£:.10|)- lalhaal ctron pawn: worm at V8
want it thy an-flan parka at 8&0 B0701’ Inga! an in 4
wcsndl and uuflinouuta. alllqinnu
It in Inhll 1| the bolt of hip Qalhnrd stun in mu
fllthottho summon tipotlufla. ‘IE1:

2

light!  0!’ stun 411100 m Eqmwrlal Jot. the
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ht%*Intmta1’0Iil0I&0tt|n0qInMr. upon-:1,
fiIIulI»Il_‘wud0dnrIuound£Ir&1rhornnl| y®ot0hr
Slilflflivbllltllbfitlfichihturnnublehlo
iqnuaulbthonaconbnr.

ulna nun puissant“ with at We and
thanzlnuvulatutond tntaoastna
or Gianna lawn: 12's as sfs fun m’ to sob':.
than is In angina: dttroanca to no fistllhttn or tba
vatnri nu on-nu 1: cum: tin Glut ta saptcbcr.

‘lh0fl18il'1UI81000l'lhiIIIlll'108l1%lI§-IGIGO
an nun ts clan uamflbll (P1910 DJ. In-tiara an
siren prevails la fiocutla  la the Alibi!!! 80:
&lIInl'th0wut¢£8lntra» Ihowldaflmrthosrahta
Buanalnlagtronamrthanltfitrootla‘ Slultmnntorlyviadc
prolldaahnurlbolunaltéiutndnnrwounrthsnpna
If I» by at Danni. flat! 703-an at we lnrtlnum wind
nmnaaatonaaouthatthofllnultfiuantrogtn. tho
hflllnluortaonnhnmaruazaohcndbnwuifs
nlfi'8)nlll'pd9\r'l

hanlualuqantootllowlufinruaonudarahly
ta we oqndanol region,
auunaza-1@¢.m.o:uu-an-am»
,nIli&¢bQrtlunm0nnn1oaIp0nnnt01nw0Anbtan8ona!
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in  in mo Buy at
nniuxununuaanayxnunw. nuuuzauponnu
If flu I116 sins: an aognflw iflgdi 0) in than raglan»
in 1  inertial in mo val!» at the Ital
than it Ilnlhr nap:-oi N WM! la fietohr. mo Arabia
man» ulna of we  wind nuns than
than in  lay at Banal. A ms at uatwarnl vial stuns
u:»nnaoueuamu»':aaaummnma¢no:za
£i‘6'§“a titan: uh an 6%. a anew um. ar mgrm cut
Rlfillifi itrtaltlfbnd inkhddfilcéfthi abbfl M1!
nymcum to thc mm: mu mo Equatorial as 1: tom
to nut in ma at:-walk» pattern. Vary low ulna an tone
tar we act abut at India, 8*—ntn ad Hula» ‘mo 1%
values at tho wind stuns an observed in ma  um.
the and magnate at the um urns no nah ucgattn,
mun or 6's an lmrlut to um. an mu  an uszu
than mu in Oatlhr.

ma ant»:-4 flowing Iorth Equatorial cur:-at and
Qt! lphrla Gwrnt an értvn lay tun mm»-1-a and
nun: mu at 8': flfi mu at 6's. 11» mmm um
an-as in batman was 11-ins an outward mun %lqn:tox-in).
60=Ilt%tnnt- the eoqlou run:-at at an entrant aft than
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15   thl  at the 115$
he nqfilnta 0!‘ mo wind anus an

anus: ms or 7a°x and mm at ifs (204.11 av). mu
Iqotflnplcnfifiuaoutnen-syutaat
Li also noon! mutt» nermteal womts or tho
ital atria. 511 other parts or the Inna: Ocean mum:
putt!“ meridional conpounta. ‘I'M Imam value or who
martian st:-as is fend out at Balqaay. no ulna north
of the $391’ an  high“ fin than ta Qaflhtr. The
Eqlutorlsl Rum records lawn walla M‘ m» uorldtoml
at than U193 strun

tho and  of  I1!!! firms avidly
em nmazma ouupullnto an the  amen.
1  alight prodcnianu at the and amount:
tin  %aaut~s in also nutigod ta the uérthvn
parts if hi Buy of Bani and luithern part: of the 15510

ha nan). sequins of the rind stun no month!
(111.12 0) firth of the uqmtar. V0100: at we uutum-6 an-as
nrohiabrtathciuotlagaltmfihnciathnarabtm
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flfi a mail 01' $2 3 $0"t Qt” el"2¢ A  at lave:
at we  strum is fans  or $0°£ between
and 8'8‘ Hips!  at its wusxhmrd it-was an elm
&o final: fiat.  nut namesake or the
vim suns an pant", goawang,  we eqnuor ad
8.8»  vim tins: prmralls  at 8'8 ad
amama  Vary   bf mu “mm: vinfi
circa are  mar I.-ha with mast of Imin M10 hlghlr
V11!!! pvdflflntc mar kt: that coat; ?d.|la of the nat
ural! nu at:-can an higher in the m'ab$.m Sen nu!  at
Baal mu thou in Inventor. The wiatmrd wind stream with
at tan uquatnr is slightly lever than mat in Ewhbcr.

‘tho at-tétoml £t #1’ fit 819$ strum art
Dustin tmgna 1:) am or 9°s in ma swam pm: vat
oz   aartb ur =>°s ad out of 70%. The awn»
stuns ta  is ma cash-'11 Arabian 801- Th!
mar the $11 an record higher ulna: or scum
uard wind stun. The value: in ma w of Bagel an
lllfltly 101:0! “flared bu than in tha Mama 8:1,. ‘rho
inn coast of India mum: wry In-w ulna of mo
1=1@0n1IUt: of the Ilflfi ctresa. rm Iiutlfl
Valli is rafirfiafi just loath of tha oqmbarv ‘flu Iu1$
In‘-he at we mrflamm um at-res: is mm in an
parts or the aenfion  Gum. than in an
taunt!» at thd no-rthwart vim stun an-aw or  cantor
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Butatnenau is
flaunt! in an sultan parts  ta mat in the preview
Iflflka

M’ ml wild stress an
%m1Ita at tm- Illfl stress 1: the
A118.»  Int the and uuna%ta  mu acrlélmal
am6l1l|h1nth0BqyotBnp1lmQ*8lB&cm1'tMrnuuat
tho squint, flu mridtmli. 30inch mod
snnaaaa%n¢=r:~=uhs'zo%*'n. mmnwqanzu
an 51¢“ than we nrlltmul  with at um oquntor.



fll@$.J

*1 #4 *@< -=l-%     1_;!*  _
xiii” .m _'  >

Girl at the wind ctr»: (varticity) to the forum
in the oqugttonc at rortleally integrated t-rawort
at ulna driven emu aunts. Rance, it has bo% a hut:
qlantity in thauvitlcfl. otcawgruphy .

1120 cu-1 am or arfaxn um stress for
flithtmt maths at than your 1: upped an amen ta ftgwru
13 O9 2'0» Areal of anntln an-1 an Mttoé while thin arias
at pensive ml are loft mu. rm imam or m-2. at the
wine! stun an drawn at as interval of 2 x 10's duos n"3.
Lo ttatfld earlier, the analysis attend: Ira 2J°B to cu;
brdnr of Afla, along the um» at the wean.

the aunrmtiaa at the Sign at the earl field in
mt that posit!" values indicate cyclonic (anticlockwise)
circulation  nqatlvi value: reprcscnt antieyclonie
(eloekulu) drulntiaa.
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attained unntclaind as awry
accilmtl  M’ ill‘). £1418, an than are sue Zlilitntlcas
in tut had: ink union as in tho athnd aqloyod as alroady
013101!!! 1!  1» Flt!‘-hit, it ll 80 bl atrosldthat the
pattern 6900  fin). wan the Q11 scale process but only
tho Blbhly twinge an n largo seals hula.

!hoar1t1o1d&vvlrqa1ara0%a1 and span
variation in to nyahlntia chain ti tho wind Hold both
in dtruttm ma magnitude 1: its small. cycle and tron plan
in plan. Coward to othor anal, the mini am the northom
parts at the Imian Own exhibit the an pnnamtd annual
fiat! of aria» wnditwnw All I runlt, the wrttcity in
thc Iflinn Mam during the northern HQIIQDQI axe: shows
cmstdnablc donation rm: the maul pattern. Ann of
“mug negative earl Q9751’ alnut fin satin Indium Oman
flaring the southwest canon and dlmlay an In:-uatn
anally or tho nrtieity diltributian.

the detail: at tha dtstrthuttaa at tho earl at
tho dd sins: £0! cam math an diamond in the
Fill!!!“

“HIE

In Jmary (21913), a 11110 nu at poniun
nm>11oo‘huaa¢!aartho!2'sa1autho\d.dtnotthooenn.
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his an in  um 6'8,wut arm‘: and wupnuxy
oonqlu bl Oaltflfl with it tin Ania 80;. m out»-n
put! of mo  at lanai. is also sound by puittvo earl.
tbo laztll  ohirhlta or the order at + is our the
mun fiat. m ulna nrggnnnlly, higher in 1'-ha wanton
rcgteu mu Show in can outer: raglan. a arrow bolt at
§fiIl§1'l‘O until to oburnfl tn the nnrthetl neat part. at the
Anita Boa with ant prdmntmg 1:110 or the oalcr of -1- 1.

Iqutifl “I1 £1016 ll ,gcBOt||1.1.y,oburI'0d lath
or z°a am flu nun at  awn. nan», an: or
putt“ curl no Oellirifi hire and than in fill llnlngatcd
halt at napkin an-1. nu ulna arygnordlyj mun: is
thmvutnnbaltetthnoeaauhunthonannmvalaotaet
the alder ot - 5.

‘lhuo no , rolattvuly gnu anus Itgatlfl vorticity
la tun ax-tnguutcn uabtn Bu an in the nrthwutora
hi of B00311. flu uamut aatiuyclnntc wrklclty abound
ll tho lorthvcstctl Arabian in is of the nan of -5 1011.0
la tho Ittthulltoll by at Inga]. it 10 of tho order of -2
M17. A .111 $1! of nqntivl earl ix!-flda tram the lmlth
fill Duh at I361: I)!’-0  all ?68°E with high: val!” 01’
the unlit of -5» tho Drtlnra Int put of tho Rabin an
10 anal by pultln as-1 with mat pndenlaatzq value
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01' thu OM91  +1. At who awn Han, the Mad cf the

I11 at had. is non:-ed by uqattu aurl.

US$531

; ma or pnun en:-J. 011128: 3»: north at 2°s
110:; tho 114.5% at thc mun (F1¢.11a-). Ibis nae ta extended
up» 1h°I in the Aflbiifl sea. rm lwthara mum-y or um
nan ganara11y,11u along k~°8,uat at 60°B m it shifts
fwther mrkh; mat of 6O'E. In the natarn parts, it extends
hrthar with an a urns curnd strip. Pvsittn values arc
I10: charted in the eastern halt at tho Bay at Bangs]. as a
coattanatlan at this halt or positive earl. Lon ulna are
pnficllaant in this ngtan and the uni ulna is or the
order or -A at 2°H and lo-8°!»

2&0 urn of mo mgatiw url in the mrthuutorn
Luna 801 10 slightly iueruufl flfl highut film of the
emu at -2. man 1: no “uptown clump 1: the u-on or
the nogatlfl Girl in the western parts of the Buy of Emma]...
A arrow halt or aqattn curl cements flu nun or we
aqatin earl ta GM Arabian Bu and B17 or Baud. This bolt
nu button  and 16°! thmugh the antral Arabian Sun
uh 72°: anfl fflllmrs no wflhnat watt at mm nth
talus as  an um order at -2. However, Q anon:
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nah). strip at pflzltlvu “:1 in toad alanfi the mrthautorn
part of   abut and along the mrtluaatom aunt of
India. A  wide loan of putttva earl la charted
mar the aorlhilut  of India with lmnr nlau mostly
D03-01!  0:60: Bf +1‘

‘lb;  at tht hand at 8&3“?! on-1 ot the
hntvpharo 10 slightly refined. flu mat prulnniaant
V01“ in at we 0240: -1 mil: tho naxilnl val» ta of the
01-10: of -*5 which in nbarwd at 96°31 the umber at poultry-Q
ans an slightly tnnnaad in this mm at mgatin curl.

Ijfifi

In am (F1.|>15)g the nml bolt at poatttve curl
mrth of the equator in not twain along the uidth or the
km 111:0 the previous  but 1: 1nco:rwtm by m arm
or napkin  ta than antral ruin. A agar part or the
Arafla Sn to canted by pulttn ml and it extends mm
uamrtow strip, thounnwvaln 1:
flu ob in ichmly to +2 in huh. Rllatlnly 1
largo strip at nogatln an 1: town to ho ut% from the
801111. Mat with valaa as him ate the ordar of -5. An 1
romlt, thn aria of the poatttw earl err the Scull. Gust la
amuduably  an lien between 2°! and 2'8.



é O’   _Q ®®__  CIway   O  O  O1 1 g M   N_’ _" _ C - __ ‘M. _ _ N   ._T ___  _ N _I _‘_ I_ ____U”_§_ 22%: m2_>_"_gmmwEm Dz; MT; to __~____U 9 “OE6: bofi bm  hm NY‘ A4    A    1  bfi(  kw  A M mm  A Vufiw AA mmA O N Q N O N N O O O O ~ 0wN_é?_N-O __fi_\O OI O E\  W  ___ Q ‘O   I___ _I _D_O_ _ _C‘IoI  _O NOO_ W__ _. __ _ _ _____ 0I _ f. ____k'_ .“‘ ii‘ JO ___



70

ma at podtln curl 10 tom Inna:
5°51;-47's. nllo1'&'£» mnaamma am mumfiulflfllashnloatpnfladtho
by at limb m nil» of thin piltttn earl {told an
u11¢1)1auItmathuo1athaAnBa8oaov0uthoua:,tho
Inllnilllttltlni not income: +2.

ho antler atrlpa at Matti! cIl'1,tonu in Yunnan
in the antral Allbiafl Eon an dang tbs wont cont at India
dlcqpnnrfl by Kara $110 it 08111 persists in tn: Bu of
haul up» 19': with vmm or an nrficr at -1. m IQ-in 01'
thttilflftllfial tubal of them! Qfhllpl. in around
by latch aid an immunity in remarkably I§l%liIl@lfl who a
lulu. of fie uh: at +3. A IIRGI halt of out pnltlvu
an an appialli man 83°: an 85': an m Buy at B00311
which ls that 9:811!-01 to flu 100318080. the rolatrnly
nun strip or autism arJ.,tonl 1: the outer:-nut par:
otthomutnlualtaallghtlynnnlodtcwut.

fluuuorluaqatln can iatrawuun Anbznn
illhnllfl-R-1,7IO6Iil6U)IIrnhcndua1'ua1t,p0alttI0
lhnaorthuuost pans otflaoxailm
Ila; flan Quinn tocllluy or this uogattn noun 1: auger!
fnlflhiflnaflhifltalhlfidthflfloavflwot
tlnoahrot-Q. Inguucnhthcanauutpatttuand
napkin an in an manta path or the ocean an mun
minor nurth Q lint.



he 1660: at tho  at mgathu curl in the
19%!!! Indian final la 1160901 by larcb,upoc1a1ly, in tbs
ulltral Ilfllfilo A lib!’ clad 00110 of positive curl are
I]-IO hid 1! his region. no width of this Inns in widest
titanic  ad 80°] fine it roach" the nether: tip at
India at at-ands into tho central parts of the Bay of Boagal.
he Int pndtltaant also in at the order at 0.5 ad ulna
IIQIIIIO Q80 -5 in he outermost parts at thn aont-nan
Indian Gena. ht its width ta slightly reduced in the outorn
rtgima can its northern boundary 110: non; 7's. nu
Ilulnhlqnc enamel is emlotoly savored by the napkin curl.

AIHL

Iha patina of the curl field {l'i.g.16) varies amddm
ally in April. no was or podttn an in tun Arabnn an
ta In-hdly contracts (ad tho aux ulna uncured is at tla
order of +2 naly. this an Meant rm ulna; um width at
the oau, an an tntcnqtod bntwun 08’ and 92’: in am
Illéfioll partl #1’ tin £11 0!’ D0311» Iugativc cur]. prtvafls
1! in intlru my at Banal oxayt in 1 narrow strip mar
lulu. he VIZIO at tho agatlvt curl 1: the waster: Arabian
to lllghly lacruucd an it natal: tum south and out
with lost proflndaati-Ii value or the order of-0.5. the was
If Iifl-U17‘  Lu 8&0 Arabian 800 in wry Inch Induced by
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Mfllnlihcllfllhnlnouudlaot the order ot+2ou1y.
Iwllu, ho can of rid-the owl ta tho human parts or the
Bu qua“ and utcnla qto ‘lfh

ht In ct aqattn 001 in the aoutu-a llfllfihflll
Ina dial; tho width at the noun nmtmlgh it: width 10
~auu:l.annb1y Induced ta the antral region. ht its new in
Eh:  IIQIQI 1: ooaaidarably tucrund all nuns: unto
thnhlulntthclay at lllltle Al a result, flu an of flu
llllttvncarltathonstcrn roglaaiarnluceérnnthattntho
priflfiiu am: and nu out 0186'! batman 3‘! ma 3'2. m
nine: at the napkin an are an 121‘ no of the emu: at -7 in
M0 water: region while the lost yrdndant IIIIOI an of the
manor batman -1 and --2. tho intact!) or this negative an-1
H016 1: generally, lam‘ in the eastern region than that in the
vision region. the manor of cloud cans at pnittvn can an
turned in the southern Indian Guam A tnlnttvlty
of with! can 1: obaflwd jut mirth at the
Ih$01\d.th:nx1a\nval.uaarthcardcrot +3. mum, he
than ta  .co.n1-an by mafia nu.

hm mm at tho poattlw “til. fluid in thn
zmaaananauummqqm to mzunmmu
has to nu: batman 8'1 and 1%. an m saunas; at ma
la slightly nllntd.
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In IQ (11917), fin an at negative can in mo
Illllllllllllllfltal l.anOtI'@tll¢ along m; Ilfithotthc
Qua, an 10 so:-nan a sh. It: new 1- nonaidnnhly
allllni in tbs eaten and aunt! ngou morn it extends
Inn 18': an 12'! nqmznly. tho nut prdnltluat ulna
is or flu 01110: or --i an! the highest n.1n,obun0d to of the
trier or -5. Bolativcly urge um): or wanna can m
Qwnld oath at this In ot mpttn “:1 with ulna an high
an +5 z 1o'3 41110: u"3. nnun an pa-nun: ms of ha’:
nu; an out nous at m-1» Downs 16°: ad 18's. u 1
unit, the man rogue to about wand by ponttvo an
an an nanny 1| rum-may an-canon w I r-mr at +6
at last tun the prwlon maths.

Iholtlthot thong! Butsnlloudnrdbypodtifl
$1 ad it iztiadl qt: the aoltlnnot nut of India saw the
00$ tlatral Anita Bum Iran than 1Q wntlmu ‘to tho
Illrfiflll ports of the by of Danni, caqletcly anvil-‘lag he
IOIIIII I11! 0f flu I11 of Dmgfl.» Higher nlma arc charted
in  lg at llngal uhllo lover values no a%torad in tan
antral Arabia 800- Poottin 7:180: pnntl in the
part: at the Arabia Sn with ulna as 111$ an 46
llllfltil alas prnntl at the had of the my of Banal.
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L nlatirllr large halt at Iqativi air]. tn: tram
850 Anita chi M the nut cont of India, an-on the Arabian
an ‘Inhibit $3‘! nit 21'!-. This D012 nttclldn tutu tha southern
putt! at has mun 80: In 12‘: and 70%. m nu». ram 1»
Nlifllilttlilflwltiilnthnatnlpfllmdthnlnzilbvalun
ts at tbs ndor at -M

ho Girl pattern of JIM (211.18) Q08: ooaaidtnblo
Ilrlcthu tram the pllilfill maths. the outer: and author:
flit! If the Attila: 801 lflifit ltgutlfl @811 am! it utnfla
as 1 flrlbw strip Ipto 6°]. the neat prdellant ulna 1:
at tun 01-at of -1 and mo nwut also observed la at the
0110: or -6. lmflther nan at aqatin curl prevails ta tau
In0MInng1natreuB0°Etn100°Ib0tw0a 2°sa41o°au1zn
III-ha u high an -5 z 104 dyu-on un'3.

the unborn and lorfluuton puts at the by or
mam punitive earl. A an-row ll-tip of post nu can
nun; mu the out east at mm mu 90°: um vmm
it flat order 01' +2 only. A ulatlnly narrow strip at negative
frantiril-alhat-0 tbs aaatompartl of thoéflem
the antral parts at tha Bu or Inga. the wanton
and author: parts or the Arabian 80: an eonlutoly cwucll
I lldiiml flrl and its inttnlitf 10 PQQIKIIII ltrillfihulld.



wza Z: mt m§_Ub_Vmmm_Em Oz? m_______ mo ‘E30 2“won Eifioofi ban __O_m 02 8 0%; M;fl _ II _      _  _k  ii   J   i , ‘I T  _ W_f__O IO . . . . ' IO . . _ ' 0 O_ _ __ I II . ‘ . ._ 'O . I V*‘ 40$OHd 0  O _ __ . _I  .0 _ .   Q _.. _   _ . _ _ I _ ‘___ U _ _ fi_& % on _0_._ H   _ IK Q lb %   Hi  ___N_  N %.1' __ _O_‘O\~  HO V W _ lj_ ___ _ I ‘ L‘._.OOOI q _ WW QC N O No No O 0T _ I_f/_//_/ %% TN wQ _\W Q  _ LRé



'75

mQni¢tp1~o%mtn1l01a0£thco:&u%ot dndfin
tauh1ghu+1J:Ifl'adyuun"3.
nnannzsroganiziunruwnuuuanuanua
at-rip total! 7.!  9'I. A gluon]. lnonul at
nlmaanohuvud ta the it 1-swan with +3“ flaunt
prdflmtlng ulna.

A -jar part 01’ we Ind1u0% is covered by
Matt» 00:1, ugoohlly south or tho uqntnr. mic ma
ot'1ugnt1i'n writ mud: to north ad ulna cover the mole
800 and my or Bengal. fin intensity of this writ.
flfll la very nah strcngthaaod cmared to fist of the
pflflfim Imtha. mo Quinn value of the order at -7 la
%ea at 1o°s between 90': ma 92%. mun the puma
8%» tho all: or positive curl, which an aistrlhutcd in
tho hood was of nogattw earl show h1gh6f‘I'l1fl08 an tadicatad
fly thotualnlnnlna of thoordor or dc».

4‘

lodttn “:1 prcnna clung the out mast or
imam 7°: ad 11%. the mm: or the Buy or mm;
at Chi lather: parts or m Aramau an an amletcly
by palttn earl»

Jill!

1|"  at curl in Ill! tn;-19) is dltlar to
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that in 3&0 with lino 04¢! dlttonaoon. the canton and
pnfi genital pafit 9!’  Alnflal 80: art 0016116 by Ilgatlvi
ml an 1: mm: QM 2's. flu umauu at um negative
llfl. £1014! ta n1I.¢t1y atraghnd 1: mu rope: when val-mu
an 111$ as -6 2 10" Ann an"3 are round. another noun at
nut!!! cu-1 tn  batman no’: and 100°: north of 6°: um
value: “high-Bxw'86ynu 3'3. this snot: extended mic
thohndet flashy or Bnqnluuuarmov limp through the central.
part: 01' tho lay‘ Mg»! 701001 at the emu of -H» an tutu
neonatal at the but of the Bay. Haunt, I I110: part or
the by of Inga]. in 001090! by pulttn curl, upocnlly in fin
Intern halt all la the autumn» path, abort the out
prudnlllfltvnlullvttbooalcrotoz.

Annjorpartotthcflnnnltrcgtoaiaunrcdby
p0IttlvO0ar1c:cqtlnaIu'lIUltr1||I0tw0lI|$'I|Il'I.
Ila mu pmmm: ma man s'I md6°81l0flhooI\l0r
or +1naemnu.nann1uu mm <s:1o'°a;nuu"3.
A firm pocttin llrl £1016 prnvafls in who anthem and mum
pmormmmam. nunau ltarhtrnnthlttpot
811111 did covers  than tenth an of can Arabia 80:.

0

its htnnlty in  nnugthlaoa ma u a 1-cult, nun
uh1¢ an oflanoblund. fllnatnll thonlnupnant
in this who an at he 0:40: ‘nuke: than +5. A urns strip
it negative an lulu-a nu loltlarut nut at Anita 111110
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m¢naww=¢rzaa1=uz»m
16': ad 0‘! an  um  an up; u --7 1 1o‘° am» Q-'3

1  lama strip at poaitin curl is eh-urvud
Ifillb or the 00%| tip at Inna filth sauna  or tho
ndor at +24

: major  or the Indian Gila is mum by negative
‘ho can prevailed by its aqntivb Mr]. is increased fml
that if Jain.  lane of aqattvd sari. utonda mu ifl ta
tit Ltlbifl Sta % Qto tho hind of the Bay at Blngnl as 0
narrow strip. the intlmtty at this marl‘ £1016 in wry llflh
Ittqltblad  W that at the prlvzlenl mama. The
highut nil.»  1: or tho ado: of -7.

A stun;  of ibsitin an in tomd in tho
Ilothtqn  fi in fit with rqlmn with ulna as
as +11 1 i0'3 411:0: a"3. Built: to the prnvzaa maths,
I who or calla at 3000110 curl urn ehurnd in this wide
an of llgattvi ail» tho intensity at the curl £1014 is
Mainly Anna; the you.

flu   of August (ltpfi) 1: similar S9
that at Jfly -A  lane an-on of aogatin can prevails
1! tn: nufianatcm  sum antral parts at the Arnfian sea
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Minn 19'! nu $.54-% mu am is axtaadod into the BI! °!
Bagel an a   ulna; they  up at Imia. The
unit pt  in at  emu of -3 aaé value: at high
II  an cbnflrlfi-w M11101’ N $0 an of July , strip of
mafia elfl. is i8dn% atoning  the nut aunt at India,
north 01’ 16‘! with films or flu ends: at -H».

moms:  or auattn earl prevail: in the
Quinn rifle: tut at 80°E md north at §°8. This mun firmer
mwdn ts  am eewlatnly awn the Ida?-hasten part of
by at  Ibo in!-Guilty of thc em-1 field in fits area
in approximately  tn that la July. the has! at the
Hay at Bangui. exhibits nqattn earl, umthaugh the  is
nightly rduad.

Zhc Sunni! N510: ta allbat united by poattin
curl. A rllatitely larga mo or positive curl is rmtng tn
north ha  almg tn: neat: at  and Arabia and eaters
¢I  parts at the Arabian Sea. This mac ammo: the
int Gut at Imia, as 0 aarmw strip at $0 In width throw
it!  Lrahim 80:. the intensity in vary inch Iukluad
Inn 3:17 u 1ud1utM by the luau  at the order at+12  north at  ' '

mu mm at negative nu-1 run elm; tn: mm of
hooaundmcmpnwiflzatmanum an. thin mm
axial: also tn» we my at Bangui Gflitflng than aszam halt
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qt mo Q  ulna flburnd is at tha order of -8.
hm in ant  nnafl-9! Ln tau iatnnsity or the curl field
in   that in Ii!-Ia  in tau wutoru region.
Al in the  maths, a umber at within calla arc
ehcrnfi Vin fie  put: of thin nigatin writ. acne.
‘Ibo lnanlflqnfi Quail ad tho many raglan: exhibit ruarkahly
I-tron; phdtivn an with ulna as high as +8.

A flllativfill 1:110 strip 0! P681-$11! flit). in (‘and
with or tbs m-I~&u'a tip or India. It minis into the B17 or
B09301 and mun than wanton half at tan fin. the lawn“; at
this am.-1 fluid in mm Imam, %:-M to tbs posture curl
£1014 in the Mafia sea.

‘lho  pattern of tn: can fluid ta &cphnbor
(I15-2‘l) in dnfilar ta flat 1: August. the unborn half of
fin  an is  by negative curl am this was
m mm Iptfi em equator ma ho vat ape» 53%. rm
list  ‘ill! is of tho alder Qt -1 and tho mam
ma obllrnd in about -1+ 1'. 158 G;-an and» A rulativoly
Ila-‘I-1 nu of pfilltifl fin]. is tuna Q-Inst in tbs Iidflo
if fit! Inn, wilt nnflhcr strip of puattin curl 1| obnrwli
Inn: the act  at India.

mm» an at anti.“ cm. in teas mu-tn or 8°I



I I __  h___V'Wo 0 %W  ' _ _   N_ _ O Jo"aw       a   _I _’K     H    coN 3’fimzwgm z_{_5 :§__©_v Wwgm  WI___ 8 Ed __N"o_k6:  flog  ‘owl K L  hm A A  El‘  \ bw  bm M I IN _¢O 0 Q O ~ N 3 “O¢ ' O O ‘ I _ .. _ _‘ I _ I O I I0 O ' I _ I: _ _ 9. . I _ C _ _ _ _ O I _ C _I 0 O F ‘ _ v_ I ._ __ V 0 ' %Q    P WQ _J % OfA  Afv N)  V A!T D M% m©~5_ __TH__12__;_H_I_ f%_%L_Iz_L__n_vN



80

an an u 93%. this   am the aelthuutcrn
parks at um my at B00311 with values a11¢t1y lower than
than La  Peolfivc curl pawns in tun mum,
2%”! :96 antral alter: gut: at the Bay at Bmgal uecpt
in 1 null strip in the antral region. Rosana‘, the intensity
1|  awakened mi the laztuu value aha:-red is at tbs
crib: at +3 ml}.  autfiodmut data are not availabla,
a tllfifliy of mutt“ curl  is ohctvoé in the northern
parts 01' tn: Buy of Banal.

A agar part at the mu  1:  by
puzuvo earl except in 1 narrow me betwom 2°11 and 6%.
the lnhnaity at this curl  ta slightly alumni by
Bntnbar. Dentin curl  in tho aanhvutcra parts
at flu Arabia Bu. The intensity of this  £1014 is V017
Ilfi  is the noithwfltura Arabian Son (‘ml a lamina
0! kha aldat of +12 1: August tn +8 in Scphnbor. Hwnnr,
thl urn “warm by the poaiblvn earl in the mrflum parts

vl

of tho Arabia Sn is an:-hbly unload.

napkin ail fluid at the anthem Indian flan
till! fin  hm“; at Guam was  “rm;
ma utcnfio aw tho Lama 801 Q86 ah‘: batman 52°: and
6!! an mm N’: in an hy at‘ raga. u ta tho pnvum
maths, 1 1&2 of pnltlvc call: an also obnrndé 0130:1111),
with of 6'8: A tdlatinly um aria at pagan an 1;
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noun-un§mmnk'auaae°saa1:uuua.nu;uw°xu=
Dd; 12.83 highut ulna at mo one: or 4-6.

Mtflfi

pattern or the earl £1014 is ahangcd In-kadly an

emu: (ngpfl) has that in the 0&0: maths.

1 mad. halt or paid“ curl 1: observed along the
width or Sh: can 1: um northern Inainn Oeaan. This ms
starts  the $1.1 rqtn ad resents tho canton parts of
the my at Bengal thmqh the nnthtrn puts or the Arabian
800- flu mat prdninaat film 1: at the order of -00,5 Q2110
the  aha!-'06 ta at the olfllr at +2 M17. tho G‘-ill
11:14 in tam anon and nithwutna Arabian  ta reversed
in alga and u I rnalt, I I130: porno: at tho Arabian Sn
north at 12%! 1: entree by nqqmvo ml. Beaver, two puma»
at poaitin curl hath; lean: nluu an observed in the Amman
flu tank at 12°11»

the  ruin: bummn 12°! and 6°3 is
award HQ Itdfin $1. the tllhasity at this ant]. £1016 1:
an I-nliutnd by ma Iaztlu value at thn
anus: or

at the negative om-1 or the coat!-urn Indian
flan 1:   Inn that in ma prov-Lou maths. me
flrthon binary at thin an 110! qmranutoly along Q s
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_tltbnvlltulb\1!lfthnaauf- It the unborn path at
ans, fin #016 at nqntifl GU81 la cztlllld upbo 6°I.
Ibo alas   ltflor out or 65‘! as indicated by
flcflghnt hi-in of ha 0602 at -6» the tnbnaity at tun cu).
flolnltanliivtlkndtltbxarqienoelpuodbothatia
lb:  mill. no total. an-on ofbbo putt“ an
01' the qqaaor an nuhfl; ruined by October
tn: fiat in Bqtubor. the lb$l|lqu annual an moat
pafiaututiq ulna of he ordor 01’ +2.

lbo an fluid or Iwunbnr (I1g.23) $1 atntlu to
that 01’ 00000: with  inhuma

A mm at puitin ml 1| tend 1: tbs nbrth Indium
Mia, tn: the 801:1). bout to the northern parts of the Bay
of lfigal. Ibis I000 owns tho 0:811-0 region at thu hy of
ad tho Iuhrn ball’ at the Arabian 80:. rho valun
an nlattvtly higher than thou in October am the nuinm
churn! 10 or the emu: at +3.

in October, the positive: an 0.014 in tho
Inuit regifll ta mt continua» but 1: tat-atrqbod ab no
Q Iagatin earl. Honour, a slight increase in the
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of tho 90d.tlva at). 11:16 3.0 ntiaaé as tadicataét
lg tho not  Illll at ha ornar at +2.

0! ma Ingatitltlb ml in the Arabia Bu is
mum no is  aux-lb at 12°n we vat or
66%. m vmm are guanxly  mu um» u enem
as infilatd U  last prdfluaflu talus at the odor of
.3,

‘flu mm at nqattn an of Ska within Iadlm
Gan 0%: as in the prwtoas mouths avlathwgh in width ta
radwmh The vulva art annually higher thm most
in fietnbnr, with  value or the caviar or -$0. The
nnrficm boundary of SM: ucgaflv-0 “:1 Add 110: appnztmtnly
fa. the  Qf the poaun calla zn an lfltlthtffl
Indian 00»: are  admin in lovcnber. the llasanwo
mu mm: at ma m“s 1: mq1¢my warm by Qflfgflifl
uhtlo a me at positive earl with mat. proéminatiag
R1-no at tbs ems: at +2 is charred junk north or it.

at the marl £1014 in Bcodllr (flair)
u chest  to ma in  utth numb: amaueaa.
lull at pfinttifli curl north of the equator starts from the
rqtun ad muuwn nu 1651: thomyorbngultho,  81:»
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An302pIt1aat tho lay or and to aovu-cab:
push: nu. shun-11, tho autumnal an south at 10':
0! fin infill! path if its Anita in in dlnrld by godttn
Gill» Ibo titan!-S7 of this curl £1014 10 slightly atnngthcaod
flat  Innhr. lqatiw nu}. pnntla dag the cut
nut or 1&1 at it anal: QIO tho out-on banana-y of tho
oi0ai0iwuI|‘l6'IadQ'I. lhohudottbolayotlulgal
amuu yuan cu). an 1: the newton math.

hn £1 region batman 9'! all 9'8 1: aulplotuly
OUIIIOG by punt" curl» All taunt in the tntqnslty at tho
ur1t3.c1d1aant1udtnth1.aa¢1cIulhnn.nlnn1uottuo
order at

the aorkhon and southwestern put: or an Lnflaa
an in nauplvhlr anal by patina 0:11. no not p1'ld0l1
uni; 1:1» M1: at tin uh: of -1 and tho blunt nlu
thou‘!!! 1: Qt tho odor of -3. A urns: lac stranding tho
81) 01' 106$: ¢£b1\Q lngattvt ml.

lhn aqnttn GU81 £1011 at the nation India
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Itao pawns. the  ta tho open mm 1: laialy
anal, whfl-0  email“: paéulhatn ant mu
@9885!‘ lorthofly equal“: pnml   manta of
int “$3, 88:11; Anti: ad thu out hast at India; mile
squint: yaiullnntc can we nut cont at Iain,
has and Stair» its  aim! auidunhlo iwrua
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QM‘
in Gheqadil‘  um mxnxmm own,
in tin mam  radon an in the
Ififlfiu Rn lqmtarial Jot awn: and mending
75 In an"  tun  mm: auras ulna gmear
tha 100 an am“.

an
‘Ibo nkronllao pattdn auunéflmily manna by Ina

trams»). rm mm» mun: ama, rm
0°: in Ila; uh: 10's in Inc ma  M ma in an
nut-on  or the again-111% Iaain 6%. The 10%um-n
Ind: than 86011.1 Gaunt and fin  ¢ TM largo
dd; @1133 of  lbw! than mjor %h
human strong» ad shady Q Inc. mu nub: at tbs point
ltagllulttca an tunhqr mind»  q%1c Qonvorglag
point flflih 01' the $11 flaunt étuwunfi. mo two
uucydfillc  points it ta  at the boundary
Inna tho  fin-1-at all tho  Ewwrlnl Gaunt
mi lhltt ulatwctd» A cnloflc whinging point
tn 0-Danni a 18's ad 100% nag an an  ma.
1. nuugzq ma is grant at 12's ml 112‘: mm 1
nqontldtnankhoaurhuoyohalcatagnlarpuiutbyavoll
Mali My!-Italic pint. I'M  in the umber of
unflarptaa in Quota the stnlgmnlagctthc unth
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cut  our th  tau,  stratum: an01'!-fill  it  Quanta
ll! lint» It is  tn: tun atrial!»
path!‘ mt the  Jot  by Inn. no spud
at ml   tutu:-is tum“ tun 160 an m" ta my
to an an us“ u am. mu amen  a manna at thn
mnl1lMOAIabl&n8nnndBnyofBlap1.¢ fhcuwodetthc
tn m astral cgatoxhi.  is uanaldnrably
tnI7$:|n an" mm sauna asamf‘ zuzm.
Ibo 700110: putt-urn at tbs atrenlinaa in tho out-urn an on
at KM aytorhl Indian 0% I81 be duo 1:0 tho auttqclonia
ulnar doulmd batvim the rm Ida nausea mm-ant ma ma
02.0100: Equatorial Gontuulrrnt.

JTZI-I

than in not Inch variatlw Of tho bad: “nut
ttrnctlrc in July (m.31) {ma that in Jan. End of
m-m¢=q1»m.; so Innflhtmlthooqutcr
ltnlf ad fund: tho 901% Equatorial Saran. Uifitu the
Inga mtiqclnh my or the lather! Icntapau-0, tun uti
cywale Qumran; pints an an  %u':1u¢ point
an ulmlntd by wt auechtd hnarwna points an
the taunt!-an of a eyclbuio ciunrgtng  at we
iuslottulnyothlnlldiatu that the can-cats aha;
%tlluatuoutarInfl.aar0r0'nrud» Aqdnnleaoanrgzug



\ M Av M é Q\_ JR’ \ ¢LI I ( |__\\ A |\_\ ‘A AA L \ ‘MW A   _ u \ _N“V  W) A % rm“; Amw “H  A kkh N T  ‘fl i  m _ibMW:\**\ “N A may}! t fl % ‘ A“‘_ _\ ‘O '£Ofi3 ‘ \ i_ m V \\ V \  i _w / ?\, w/ i _ ._\‘\ _ _' __ fi K \ _  J \ )\ “___% 6 V \_\_  _J _  _  _\ j \F __  \ '  \ \\NwUv\ ‘2 __ 3 /0, I x   _52 z_ A__wa.EUvm___u:om_ Oz‘ mw______§m_Em 3 _w_“___oHH  A bofi A I   hm»  .00 Q Ah A ‘ON? K \|.oI@  fbm  “.8  Aa ‘_X _ 0 “N . i f?% B 2 m w m_ J" m_N m_ _u_ m_ 2 ‘t \  __ ONu _ \(  “H HI vllW\__N_ If N TAN Ex xix“ W  I \\ 3 ' 1.( \ \ *1“ W A‘| ‘W ‘HliW| \ _ AN 5 _ _ J _ __ \  LA  A AMT  \_M%q¢ Vflwh  AA ‘\ Q Q_H m A \& ‘H  “H ‘LT J  H    W r 2*W r I Y/ivI1 __ E  \   _%/ O92 UIA?‘ i I,  N‘ ? 1/ '__\ A}N I _ _ '  _\ "'\\\ Z _‘Q ‘A  VLT‘ % wM\“‘\\ _& % A A ‘filth? A A__jAm:1   _;\w SW“?T   My/W_“\ ‘AYa)



101

it  firth at  $0“: Glut  with am
nmnl pin. h ntaqcieata  mac 1| auralan at  1fl.m- In   tan-out
nan  and  cu-rm, mun em
0&6!    mi fulfil $0 Sflisll fiflrnt»
wart tan tho plat. ntnglhntlogltaoa or cannula» and
dlnmllu arc Ismail "ta an strand-in pattirm 11:0 new in
%&il11flnul1a&oopn6Iauh¥§£¢J.MutMnaa§ln0artha
lafi bonéartoh he   clearly anal: that
the Banal! @121-at turn uttmera at about lfil. In the autun
roghmanth 01' a°s, nu: can mu mm tadlcatlag ma an
Hut Autaltu wz-an an ran we mm aqam-m. can-us...
1'80 £00101: nova mud twrnabrshuqud or moarruats
in we min 1&1» oau,upcd.al11, to the Bacall roman.
Kawnr, Na spate:-1:1 region %tcnna u durum or thespud.
£3

‘Ibo Itnuliul pattnm in Algfifi (E*1g.3“2) is aiflllt
£0  11! I011 with flint difterincnn ‘the aaflqcluaic I451
or the lemma current, we %1 mnnut ma ma
saiilutqalurtalwrrnt ta e|otnc1h9nuoneedutmtin§¢

'i

maths. the wink I1BII1lflN.8I no more oaaqtntd
it the anon raglan than la the tuna rluea.  my bu
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duo b  0! the  lwuriul 601-not to firth,5'$,nnt at   &1%c manq
ta;  at is ma as’:   an 070101110
Q01-IS Inna at it Giana". Gm aattcyalatenu mower  ezwnlu point an
or  man cnnrrntpcnzatcn by a
1 mama manning pan 1; also amma rut hf
the  lam. m attoynlonic &1ag point we m
nuance mam pans an auanad at 10's mfi 88°: mm
the  cu-rant, utter turning math, Joins an tho was
Iqinhrlnl Gmwnh The I011 dndnpad cyclone eonvergiag
po1at,t0nd at the had of tho any ta 8:11 vain: newly by
5.IgIa=h G§lorn111/ the aarrlih £0110: the coats nu» in
the out mat at I061: and the wast null at scan. ma
$06 of the %h in mu Aralfl-M $8: la tldnfiad 1111110 the
cpuhrlal region uporhnau an lacuna than in not men
variation or the spud of the aunts in the it raglan amf.
ll tho am: part: at he flan from  it III]

the ataanac pattern in Saptanbu (Fig.3.!) 01011111
8&0 stunning. of tbs sauthvut mnawa. ‘I'M
afillttltlatthlhtad oft!» Bqofhlllgalo fit
any toad by the Hausa warrant, we Sunni!
the Bath zquzoua Ourrmt is has pullout
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flan  to flu  mafia» no Bliit Imtorul mum
it      an in thc can or August.
Eb:  of  dqlhflflcs  in Butch: mid:
In In  to fin  of the  awnlmn%
oawuflupoutsamnhunotiamraabla San
tin!-I; qtlnh  at thibnafi at the lay
Qt   filo  Iuprrlnlio ma in
Ietailllvdduntnwnlndbanaary. Annlloyelouicowvcrr
$u%  in observed an! QM Natl at hug, Q11: mam: one
ta grunt mrflwut or &nn.tra. in  serum part at the
luv  eddy dmnlattoa, u umber or  aqua-mu
tin m1qmu¢ cannula;    mtienlaic
dtnrcllu pitutvnro ehund» may   gqgntd 01¢anti-ordeal:
4110:1113 pout 1:   thl  Gout mi
ll1aml.y£fl.an¢1hnna9a!t¢£thcD&E@h:'1a16¢rr0ntflail  an   . in 1”: pmfllnt
dqllaflthu - an swim:  pent»  matter
arcobuunfitafihuuatu-apart
at an  nun 0%. nan at QM alar
an All plumb in ho stamina pattalm the currents
umnapnoan, his thqthllouthcoouta
uncut tic nut %t afiaflmmoa fin  uku
uulhflfi   atilnylpqztcn has
Iidnlflut 0! 10': mans» ms ma 01'  am;
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nquaszn  ll rue :1 fit ms mzmaa cu-nu. m
ntnalltflns 15 $0 Olllrll Oflufl-rial  ml flint pnrallul
an  to tho equator. In 066160»! to it, tho I81'll¢fih of
the  ta m  magic: imam: tr.-an an average
of1Snaoc""" £a&@tto5aa00“ia8Iptchr. maawn
flaratlttlttes Qlcany  that  Egnturlal In starts to
new in  ttult. m  ward a dlocrnu or
ntrngfl in the   H3109. than 1: not may
variation or %t spud in other parts at the
oun

fl5!9%

I'M: in that typllll  {IQ t-B0
flflwll in SRO firth!“  (F1935). 81', thi
ernaittaa fldhr fin  mating in at-11 prevail
in GM: nuafi tun. A 10:1  at  potato no
in an was voila  111% ma noted! cantata».
the nqnm-an   in tho  at ma
IMHO! . ‘flu fimcll   hint! @I'fi"'
ma an rihtitfly  tnlulstty-f  muyumn my,
of mo oqnwr   no umber at
d$3.nrlt1u an 1;:-go in the  R1101: ma ta the

pnlltlauahnn-ndtuthavostarapanattho Lahlamsu
U llllfitllliiflh .&a1e10flc;1u¢;o1a1a
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gaunt non! in  Gust, Ihlfl in aQu'atod tron the
Inn!   plat II! n hypuhne point
jut with Q1’ it» but Iran thin, anther I011 danllapod
30118 1: 0100 foul! Out it this singular point
npnnm» 1: tan mu outward mu. La aatlcyeloaic
pm an nmma at 6's and Wu. 4 mm-mu
lflnratil thh amnu pint tron tho vnltvard flml Jlit
north at it E tn aflayclaic eoavorglug pbintn) unrated by
a  anon»: manna pus arc amp: at about s°s ,
man 60': an 70%. no noun: mmna; pom at cm
hlul at tho Bu of Bmal is tatonaifld by 06050: and the
lirfmfl ¢l.I'il?l.aSi.0Q in tin hy 01’ Ylfllal ll Olhbllahod as 0

anionic now» ,nt$n1010a1o circulation in dcvdvpod
in the wuhn mafia flu, flml 1| hauls Iiilb in tho
Quinn region‘ no qurntsfllnu tin nun no mo lad
Dllaluifil Incl)! 5100; film fill: 3006- ‘lb! llnglhrpotlt
usmu Inilagur and tho Atria: om a:..»¢.m. :5. area
llnlsaroparallaladaynotrtato thnnqatorrran60°to88"B.
ht: putt": and flu higher ulna at ‘lilillly tutu“ the
yruuoo at the Equatorial Jot.- In ctflnztb or the Equatorial
Jot  lacs-nan $110 the Small Currant neorlla
ldItlIu06f%lq0dtr0lunnra¢0ot18enn0a"‘ in
sauna» an 75 an an“ in wane.
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(%Flp,35)+k Strong cm!-ante circulation
in tho k if Rani. 1&5-10 Iutwarfi flow ulna ta ma
Bil»  Iqifflflriill Oulltnarnnt is fond to Ottat
1'hc%11ClI-‘rlfidlagytaraauda
flows an m:n)¢r: am  am.  Equatorial
Jot 1; ohurnfl  55° so &8°n,mau 2°: ma 2°s. Thu
Ilhbwlr cf wilt nucleation art d-lcflalld in the western raglan
in u  in unkind arm: 6°a ma fa mm am
lqahrlal  was aura: to the south Eqmtortal
Gaunt. the “mag cyalmla eon»:-gin; point, round in the
Buy of Bmal  iatnasiflos and shift»: ta the month. Tn
cyalbala  pout: an observed 1: the custom part er
tho Arabian Sea) aparatd by 1 nwkral wilt. than two
mints ten the aatra of the largo cyclonic !’J.0w,fl1l3.
uniting in the mater: put at the Arabia Sn. A wall ‘
dcnlapod dtnrglu  is present with or the Sonali. aunt.
A hypcrbolic  80911120! it fth tht large anticyelanic
£02105 by am Eqpaterlal Gurruat mi the Equatorial
Gontouirront . A aria at uomnrgiag points are ohurnd
at tho  of thin ajor am; airulatiea system The
afltaynlnmc &1n; pus, tend at amt 8's mfl 6%“: 1;
mat  ma.  athor nun» Mints, charred
in a 11:0 an or tho awn similar pent an not an
dlnlfipd. A Qyclwle cunning point in toad in the
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auteur ugh: man    cur:-cat join: with
mm sq-mun. . In llfiitioa to the point singul
srlttn a   at lino: 0!’ “wanna and din:-pmo
an nit-hot tn fin unfit»: pattern Fro: the dtatribntioa
it flu  18 can be an  tho  at the current
in   opturtsl ugh: is mnatmbly umnuoé tma
an I101’!!! at 50 Q Ill” in  $9 75 M nu" in Huvcnbnr.
‘mu Itwljgw or the “rum: in the anthem parts at the
Ankh! flu an my at Blunt inc!-nan bi lumbar. Tao
off thl Small Gout roman an nnrqo of 50 m we“.
Eh!!! ta afl emqiowll nfiattn in tho “Ruth or the cflrronta,01' the tqhtor. ”

he  Eqlafiirial Glrrlllt 1:  utabltlhod by
manor (tapas) and mm:  3°! la Dunbar appmxllatfly
QM cm amt”.  ,utnp1nr point: no about la the
Inf 01'   Lrabtm Boa, a amber or niacin points are
at the  §I’§iII!l the dtttorut an-oats. A
mttqclnate   is rand 1:: the northwest-on

\

urtoftboanblmflaamatauqantodtrmthaeoutbya
antral pint. noun: auuoywia» am-ulna; paint 1:
flytctnd in the central Main of tho lay of Bangui. hm
01:10:10 ammonia;  an timid at tho hondary batsman
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"N 1"“ 3iIai0I!.al Garaat and an Equatorial fiomtarcurrant,
taut at anal! mast. Siatarly, a dlvarguug point is tomad in
the aaatarn vagina near the hondary batman the Berth Equatorial

Gaunt ad Bonk Equatorial $Il1'1‘C;‘i)lB6 is aaparaf-ad from a
nearby ayalenic aunnrging point by a neutral point. A part. or
the firth Bqlatarial Currant tuna tn aaat and a part or the
Bqaaaarlal Oonteraurraat cm» so mrthnat at 1°: ma 73°n.
La a raanltya wall davalwod hyparbolla point is toms! between
than flora. Biailarly, a aariaa at point atagulartttu are
noticed at the homdary batuua aha Equatorial Ooantarcarrent
and the South aqumaal cm-ma at about 6°s. on at the above
aiugalar points, tha moat promucui is tho diverging point
at about B°8 and fit. The aatlayaloalc eddy in the southern
hantpahart llovly dissipates by Decanter. A part or the 8aath
Equatorial Currml: flmla to with batman the African Goat and
Malagasy aa the hbaabiqaa Currant. Tho atraaallnoa are mainly
zonal la the opm mam but they are aandianal along the coasts.
the at:-aagth of the arraat ta considerably aaaraaavé in the
antral aqaatorial raglan. the 0%! of the high velocity
an in the antral equatorial ragicn indicates the diappaaranea
of the lqaaterial Jet. Tao an acualaaioa can ha dortvaa from
the pattaru at tha atrcaallnoa. ma atraagth or the current
aft tho $0.1 fiat la tnuraaand. Ia aotlaaahla variaticm
ta oblarrld la the atrangth of the an-ants in other parts of
tho Mum.
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ho Iii}. 0&1“ of tin wind stun ad current
nanny along 65', 77° ma 09': an prtllltlfl Iran I1‘. 37 so
55, \nt& Gibb: for a 41.1-at ollpatllon at lnth tho paraotora.
A 3906 Qflfldattm bttvlu can an ohurvod as the awn at
outorly unfit: an mm 1n_ tho raglan or outward um!
stun Inna the nan at westerly nurnat are read ta the
raglan: at westward wind stun. ‘mo Equatorial Jot is pa-cant
at 65°: and 19's wan an-an nlocity an Ila] md Iovcnbor. the
as nun 418199012‘! u as mm; 99°12.
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The aurfast circulation of the oceans in mainly
induced by the prevailing winds ovur aha ecoana. The
strength of the oeban curronta is closely related to the
curl of the windatrila an the mint transport is mainly
controlled by tha vortleity of the Windlttillq In the
oarlicr chapters the surface circulation pattern, the
diaaribution of the windatroaa and its vorticity are
presented» In the prelent chaptir it in attempted to
correlate the surfa¢l circulation patttrn with the
distribution sf the windutrntl and its vorticity. Ofcourso,
it should he horno in mind that 0 canprehenaivo dllcullion
in this raqard is non poaliblc because of certain

diaarpanciou (Munk/1950). Of the aiacropanciao, to
unflnxtlinty in nho drag coofficiont, the inadequacy of
*uind data ovum she oceanic tgion and the contribution
ta the circulation due to tharmohalino processes are none
lot the inportana unit. Nevertheless, in is always noticed
that the eirauiation, sing mainly driven by the winds,
in eloaaly aaoociatod with the windctroan and its vorticity.

Bring the touthwlat monneon tha curl of the
windntrcla in the norzhorn haminphere is punitive off the
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eocsta of Semllt and Arabia and east eeeat of India

which is roapehoiblo fer the nerthorly flow off then:
coaati. The ngativo values elf the went ceases of
India, Bur: and Mnlayania 10 rltponsible for the
aouthirly flu. _A clot: examination of the circulation
enttorn and earl of the wlndctavna indicate: 0 relationlhip
of 0 eyclenie flew in the region: of positive curl and
antlcyclonie flew in the regions of negative curl. This
peculiar feature 1: prodemlhant not only during the
ceuthwent monsoon but throughout the year. In general,
the curl of the windatreno is xelatively weak durinq the
northeast monsoon and it is vary I011 reflected in the weak
circulation pattern.

During the southwbtt monloon the Qtrong meridlonll

components of the windatrooo and the naaociated curl of the
windstrosa off the Semali Coast cane an intense current

with O northerly flew. The coll atruetuze in the circulation
pattirn in AflgU8fi is obviouily thn conauquenco of laelatod
cleaad cells in the curl of the uindatreaa d18§I1bfl€1Oflc
Smmilar features are ebsorvod on the dynamic topography

charts of Bruce (1973). Thu|,1t can be cencludod that
the 6011 structure is net only 0 aynptic phenomena but u
peraaont feature on the eastern aide of the Somali Current
Thia Qan I180 be caacd by Qurront cheer apart {rem the
wine Qffflflta The increase in the strength of the Semali
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Current towards north is a result of the northward
incroano of the curl of aha wihdatrnnl off the Somali
COIIT-¢

A.aaJo: part of the Smmali current region in
cevnrod by poaitrvgtiéom April to October. when curl of
the uindatrotu is moaitlva the circulation off tho Saaali
fioalt is nrthorly and Lt is nauthorly when curl of the
uindstrecn is negative. In general, it in noziced that
the nogativu vortiaity is relativily weak and this is vary
null rofloctod in the rolativhly wick southnrly current off
the Samall Cbaat during the northeast mchaoon cemparod to
that of the southwest manloon» Thu variation of the curl
cf the windotrcaa off the Somaii Chant during the nertheast
monsoon is much lens comparod to that during the southwest
monaaon¢ A similar observation is noti¢ed in the atrenqth
of aha current off the Somali Coast» The above abaervationa

are in confirmation with the theoretical utudy cf Higgins
(1965) which state: that positive curl exists in regions
of wnitorn baundary aurronas.

Inttnaity of the curl fiild is remarkably atrongthonod
from May to July in the Arabian Son‘ Such a remarkable
incroate in the intensity cf the curl is not observed in the
hay of Bengal. The maximum otrenqih Of the currents in the
Arabian Sea occurs when the intensity of the eurl it maximu.
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Since thsro is atuny oonapleuouu variation of the curl in
thu Bay of Bangui, the avorao strength of the currentl
rennin: llmolt aonstant.

Que of §hG.ll§ conapicaoul features during aha
southwest namoon is a major amzicyelonic ¢1r¢ul.at1<:>n

canprialnq of the Hnntoeh current, thn South Equltarial
Currant and the Samali Current. This eddy circulation
ltlxts by April and its 31:0 incroaaflt through the
$w¢¢led1ng months upte August ind GQGIOIQQI by Soptunber

duo to tho rovorgal af windy. The eddy circulation 10
molt prndeninant in July and August when tha intenlity of
the negative zutl field is maahnum¢ The intanalty of the
nuqqttvi curl fluid lncroaaaa Ira -2x1fi'3 dvnas ad's in
May to ~8a107B dynoo ¢a*° in August and than it dncrcalta

to ~4x168 dynnu en's in $opt0nhor¢ Thua,1t is clear that
the major antieyclonic circulation is a result of the
anttcyclonic vorttaity at the aurfncc Uindlu

The zone of nogativv hurl reduce: considnrably
during the northeaat monsoon. Almost the ontiro nerthorn
part of the ocean exhibits 1 paaitive curl» The zone of
negative curl 1100 approximately south of the equator, as
a result, tha major antiayclonic Qddy of the Qouthweut
monsoan 10 replaaod by 0 cyclonic oddy in the north and
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lathit atityelunit eddy in the 8outh¢ The tytlonic
eddy 1n the narthorn homiaphcro eomprisla of the uvutwnrd

flowing North Equatorial Current, part at the eastward
flowing Equatorial Cuuntnrcurront and the southerly flow
along the Somali Coast‘ The antieyclontc eddy in the
southern hemisphere consists of the Sbuth Equatorial Current
and part of the Equatorial CbuntQrcurrent¢

The maridlonal comonentu of the windttritt off the
Somali Coast are changed tram noqattvc to poaitivn value by
April evaathough the zonal components otill remain negative
Tha magnitude of both the tompanents decrease from MlI¢h
to fipril. The doaruaao in the windatroaa results in a
retarding force on the surface and aauuaa the revaraal of the

tutruntt Thu0,1t confirms that the $0011 Current aammencaa
with the wind farting (b0etma)1972)¢ In tha northern
hemisphere the hiqhont valucc of the positive componantn of
the uindatrels are obaotvod in July in the ututtrn Arabian
Son oft the northeast region of the Smmall Coast. An
examination of the tirculation pattcrn indicates that the
turtant atroaqth in highest during July and Auquat off the
Semali Cba0t,"thug,revaa11ng a tin laq of less than ene
month between the occurrence of the strongest wind and curroat.

Both zonal and mlridional camponants of the

uindttrull in the narthern homitpherq,genera11y;chanqe from
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nnqativn ta paattivu sign during March~Apr11,1nd1cat1n5
the tzaaitian period batuucn the narthoant and southweat
monaaona» Punitive value: of the windntreas ¢ont1nue to

provlil till Auguat beyond which the transition from
Iouthflltt to northeast monsoon: taken place in Soptomben~

0ntab0r¢ Hoqativn value: are prqdominant Gflring the petiad
Jovumber to Fbbruarv inéicatiaq cenditiona of the nartheast

monnoonu Conoistont with tho'Uind d1otibut1on,the surfaca
circulation in cyclonic in the Arabian Sea Ind any of flengal
during .h0 northeast monseon, During the iQE1flQ transiaion,
the surface ¢1rnu1at1on preenedo to rovartal cf tha wind.
fhio is mainly because of tha gradient current that in
developed initially off the oauthuust enact of India and duo
ma awakening of the nartheaat monsoon. This is one of the
1nstan¢90 uhbra a daviatian in the relationship b@twe0n the
dictribuaion 0! winds and the ¢ircu1at1an occurs due to
thormohaline pr0¢I8lOlo

Bring the transition periods witn a time lag of
about ens month sarong onttnrly aurront called the Equatorial

Jot (Wyrtki/1973) is ntelont. Bring this porlbd the zanal
coponenal of windotteuc along the equate: are positivfl and
aonaiatanzly hlqh while the aarldianal camponenta are

inconliatent and relatively weak. Thug,1t is obviaus that
the zonal windatreie 10 the main driving force for the
Equatorial Jot» with ragard ts the curl of the windatresa,
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it 10 not potllbla to corrulltc with the aireulatien
along the equator an its alga changcs on Oithir aide of
aha equate: and there is nu data plottod along the

equato§)but only 81005 2°u and 2°5. It 10 also intareatiag
to not: that the positive value: of the zonal compeneats of
I1nd:trOlO during the tranoltion ported art highest along

the oquator)uhi1e higher values are ODQCIVOG in the eastern
Arabil Sea during the southwwut monlon¢

The meridional component! of the windstraao are

pauitivo in the intite Indian Ocoan during the southwest
monsoon 0X¢Opt near the waatcoaat of India. 8ut,dur1nq
the nartnoazt monooon, the northward windutroas is mostly
confined aouth of 8°s Eaatorlv Currents psedaminate in the
regions of northward windatrens north of the equator and

woatorlv cuxranta in the raglan: of na:nhwnrd*nindatrass,
south of the equator»

The iuollnea ef the windsnrelt and its vorticity in
the southern hemisphere are moatly orientad parallel ta aha
latitudes giving rise to zonal flow. rho isolated cloned
iaotaehc are obviously the result of the closed cells of
windutroaa as well an 1:: vorticity in the tegionjaouth
of the equator. Thorn is not nah variation of the
magnitude of the uindatrea: and 1:: vort1e£ty,south uf
8°S which indicatoa that the Seuth Equatorial Current in a
stoay flowing current ¢omparod to other currents in the
Indian Scan.
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The main features of the qlobal surface vorticity
art ltiayctonic vorticity in the middle ané subtropical
latitudes and cyclenic vorticity in the tropic: (mintz and
80011952), The present ltudy clelrly reveals an 0x¢ODt1on
so this general pattern in the Inian Ocean. The vorticity
in the Inaian Ocean during ammo: shows cansidorable variation:
from thi normal patttrn. Areas of antieyclonic vorticity
cover lhnolt the oauiro Indian Ocua during the aouahwost
monsoon. Thane obaorvaiionn duanatratc that the Indian
Ocean displayl an impressive aanaly of the warticity
distribution and has carnage: seasonal ahnngea than any
other area of the world ac¢an¢

Hidaka (1958) tabulated the componenaa of the mean

Iindltrent far four nascent a»d thyir annual mean filing 5°

Xatladonlonqitudo quadranqln. A1thoug§,the Qrdor of magnitude
of hit uuputatlona urea with the present as 1O'1 dynoa cm'2,
their abioluto values are relativily higher in the proiant
1nv0ct1qat1on,ma1n1y because ef 0 0:110: qzld used. The
annual moan of the windatrcoa 10 not tabulated in tha present
Cindy as 1t*w111 not he riprnacntativv because of the
tamporal variations of the windatrocs in the Indian Qcoan.
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Stonl (1965) cemputtd the annual mean of the curl
of mhn winduarcll eampenontu tram Hidaka (1958) for the whole

world ocoanl. Because of the large asale ropresentazion,
both in IPIO and time, made by him, it would not be possible
to compare his tnaulta with the proaont,1n the northern
hemlapharov According to him, south of 30°5 the Indian ocean
oxportonmnl the max1mun.cur1 bf the windstreaa of about

+15x1@’9 gm uo0'2 whereas the North Pacific rocerds about

+10x10'9 gm nea”a. $tomm01'0 study reveals that noga*ive
curl prevails in the Indian ocean north of 10°5,

The ordar at magninudo of the curl of the wiadatress
obzalncd in the pxesent investigation (1O'3 dynas =m"3>
agrees with that of Mint: and Bran (19$2), Holopainen (1967),
Evnnson and vbronia (197%) and saatry and Hannah Baku (1979).
the distribution of she uindotreta in the present atudy in
censittnnt with aha findings of Hollcrman (1967), The
slight disercpaneiea may bu duo to the differences in aha

grid sizg and drag coefficient. Hallerman adopt; a CD value
with a 40 por¢cnz jump at aoau£art¢4 Id taken into aacount
the latitudinal variation; of air donaity as he did ¢0mpute
for the whole wurld oceans whcra the var1at1¢n0 of wind

strength and the dnnalty of tho air are relatively high.
Fb: the preaen: study, a constant drag cosfflcient and air
dtnnity are used» The ¢ur1 of the windstrel: in the prelant
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Lnwcltlgation rtiozds higher valuco than those of
Hillnmlno

The pittlrn and intunsity of the vettifiity are
axaost similar to that of Hantol (197&} cxaept the maximum
va1uan~

In the North Atlantic ana Patric, the Iindlfirell is
hlaher during winter and lawn: durinq spring and gummer

(fivonaon and veron1l)1975). On the athor hand,1n the Indian
Ocean qriltlr ttranint are noti¢0d during the northern
hemisphcte summer;5.3.

g ugm ocgga

The 8outh Equatorial Current is a permanent feature
in she Indian Gavan I that of the other major causal. This
is mainly bocauae the atmospheric circulation south of the
equate: aompricoh the aeutheantczly trades whxch drive aha
Sauth Equatorial Currnnt throughaut the year; But in aha
norzhttn region the noruhealterly trades which drive the
north Equatorial Current are present only during a part of
the v0ar- During the northcrn hemisphere lummerjche
northqaatorly tfados are replaced by the aauthwoatorlios
which drive the 8outhwilt Monle0a Currant. Since the
fiouthubnz Mnaoon curron: flout in the name diroczioa ea that

0f tha &quatnr1a1 Ceuntercurrant, the former merges with the
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lntwnrp rho equatorial cuzzona system has a latitudinal
anzrz. The nth Equatorial Currant Ohifta frmm 8°s in
May to 12°$ in June and 14°$ in July and Augusi, while it
nova: to the narthtrwmalt boundary during northern
haniuphoro winter. The ntranqth at the Suuth Equatorial
Cutront roiahes aha maximu during the louthwuat mOflI00flr
an the South Equatorial Currant roaches the northeaatarn
part of Malagasy, the current is further ltrenqthined due
tn eanvarqonco and the boflhdlty 0££oets,reach1n; the
highclt values of this currtntv

The North Equatorial Currant is present only fram
Uwccmbor to march with maximum ltrength in January. During

this period because at the shear dcvolupod batwuon the
tradla which drive the Seuch Equatorial Current and worth
Equatorial Current :9'P@¢t1VQ1Yg an Equqtorial Caunzorcurrnnt
whieh flows to the east is formed,

rho moat conspiauoua faaturo that is unknown in any
part of the world acoanu is the Equaiorial Jlt which in for
the firlt time poinind out by Wyrtki (1973). {his Jot 10
noticed durtnq the months at Apr11~May and Octoben~§avembet¢

flaring the periods cf aceurrencc, the strength of the aurront
incrnaaos from April to may and Oetobor to nowomber. The
Equatorial Jat flows to cans along the equator haaauon 2°A

~.

and 2°s from 6s°s to 9s°e. Qut of the four menths Aovember
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racords tho maximum spbed of the Jot.

Another imprtant anomalous {nature of the surface
ciroulation in the North Indian Ocean is that when the
aomosphorto oirculation in almost aflmilar to that over the
Pacific and Atlantic the northward flowing western boundary
current is absent, In the Atlanfiic and Pacific the wsaorn
boundary currents in both the hemispheres are foo by the

corresponding equatorial ourrintc. In other uordajzhe
North Equatorial Currant food: the northward flowing
boundary aurronta in the northern hemiaphoro and one Souah
Equatorial Curacao foods the southward flowing bounoar;

currouta in the southorn hemisphere,

The northward flowing woatorn boundary current in
the Indian Ocean appear: no be absent during the northeast
monaoon booauac of aha continental boundary on Lac norzhorn

side. In the Indian Ucaan the northward flowing wosttrn

boundary ourrint,name1§,ohe Somali Current 10 present only
during the oouthwoat monsoon when tho wind distribution over
the North Indian ocean is dissimilar to that of the other
major ocean!» It is fed by the $outh Equatorial Currnta
It is also noted that the Somali Current is the strongest
£35 om -.¢*‘> over obaorvod in any part of tho world oceans

(Swallow and Bruc0,1966),

There is an evidence of eastern boundary ourront in
the Indian ocean along the wast coast of Sumatra between
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2% and a°s.. rm strenllnas turn to touth n about @°¢+
near Sulltrt Gent by Apr£1 itlelf. 'This pattern became:
mo:@ conaptcuoun during the lucetodinq months)espec1a1ly,1n
Juno and July and nlowly diaiipatoa by the and of Movamber.
The width of thia current is qroaxor and its ltrengah 1:
%cona1d0:ab1y IOWII eomparod to that of the Somali Currant.

Anaoraing ta Wooster and Acid (1963),the eastirn
boundary currents are slaw; broad and shallew wtch relatively
small transport of water. It in dvidant from the stroamline
pattnrg and iaotahs that the southward flowing current along
tau Sumatra Coast full? aatiaftoo these characteristics.

since this Iaszorn boundary current 10 found near
Sumatra, it aan be called tn: Sumatra Current. It is formed
wan the eastward current is blocked by the Landmaaa of
Sumatra. All the other elmtnrn boundary currents are also
formed ihon the eastward flowing eurrenaa are blacked by the

continents. Pb: example, the California Current in the
Atlaniic Oeoan is farmad when the What wind Urift is blockad

compleaoly by the centinent (Wooato: and R01d,1963). In the
Scuth Pa¢1f1¢ and South Atlantic the continensa extend far

aauth to intarupt at least a part ef the flow of aha want
fiifid Drift which turns north In Puru and Bonquola Currents
rQ8pe¢t1?01Y¢ In the Narth Atlantic, the principal eastern
bnundary current 10 the Canary Current which flown along the
northwest coast of Africa;
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Tho &2K.mnauu:0nonta indlcata that the lwirage

tweed of the eastern boundary current is about 25 cm 0ec'1
or 10!! in fiontrttt ta the extreme apcndo of mare than
20 ¢a nod'1 in the usfiirn bounday current; (a:omme1,1958)¢
Tho present lnvcatiqatian indicaxeo that the speed at the
Sumatra Current is low»: than that at the eastern beundary
eurrnntl in the other ocoan1¢

The Sumatra Qurrona 10 vlry wink in April, October
and Nvimblt. Its preienufi during theta months can be
attributed to aha occurronao of the stranq eastward flowing
Equatorial Jot inatoad of aha Monlooa Currant. The turning
of the Mnaoon Currant in the llltlrn region of the Indian

Oeaa is ovidonz tram the atroaline charts of Sharma (1971))
and Varadachari and Sara: (1967),

During the northeast mensoon the atreamlinos in
the oeutheactcrn region of the pretonz ltuay run in a north
touth d1IO€£1Oflo Such a wall oriented pattern is not nbsarvod
during the aouthwnat annsoon which clearly tavoala that the
Host Astralian Currint in weak during the southern hemisphere

winter. According to wyrtki (1961),the wit Australian
Qurronz is 1 stony Ind strong curvont in the saunhorn
homisphnre aumme:,reaching the maximum velocity of O.4~fi.? knot
nnrth of ias, During the southern hamiaphare winter the
currents are woakenad and are separated by several branches of
aha southward currnt,
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Th: prelont thetil in an lktlnpt of the author to
iuvlntlqato the surface circulation of the Indian Ocean,
north of 2095 in relation tn the tflmosphnrlc circulaaien
own: the ocean. The aim is nchicvnd by warning ouz the
¢1r¢u1atton pattnrn and aarrolatinq it with tha camputed
wind stress and its vorticity.

Thu monchwiia surface circulation is arrived by
drawing the streamlines, uaing froohand method with
auporinpoaed iaotaha¢ fha canal ad mnridional cauponanzi
of the wiadetrnla and the curl of €hl‘U1fidl$r8lI are computfld
far ¢l$h<n0nth ovvr 2° latitudonlonqituda quadrangle from the
bulk leredynlntc formula, using a eumputor programme» The
data far drawing the surface c£reu1at1on and fox computing
the windstroao Ind 1:: curl havo some tram aha Dutch Atlas

(swan. x.vuam:».1as,19s2).

Frau to diatributian of the zonal and moridiawal

Gfimpnonta at tha w&nd0trelI,1t in clear that the southwest
Amonooon dominates in the North Indian Gcoan from may to

August and tho aortheaaa monsoon prevail: tram Navambr to
F0hwun:y¢ M|rch~Apr1l and 50ptembon~Oatober represant the

trannition porioda, Furthe§,1t shauld he emphaaised that
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the duration of any one of one monsoon: is not constant
tnrouqhout the aria undo: atony ht in varies from place to
plant; In fact, while the aoutnwoit monooon is dominant
in the Arabian So, the northeast monsoon plays a major role
in the Bay of Bengal. In tho equatorial region the vafiiation
of the uindotrona 1§.more frequont than aom1~annua1. Thus tho
trtntltion poriodl alao vary from region to region. South of
1095 thorn appearl to have boon no seasonal variation.

auxin; aouthwolt m0n0oon,in the Arabian Seo,h1gncr
values of eastward windatrets is proinont in July while
lower values are obnrvod in May and saptonoooo-. the
meridional components are strong off the Somali Coast. In
qonural, the positive winditrttt prodominatoa in the entire
region undo: study during tho Iouthwoat monsoon, During
the northoaot monsoon a prominent belt of pos£aivo zonal
wtndntrosa in tho equatorial region is aandwionod by two
bolts of woatward windntroso in tho north and south of it.
0!! one Somali Coast negative zonal windanrooa in noticed

throughout tho cannon with higher values in Janua:y,whereas
negative meridional windntrons in prominent in December and

January only, In qonoral, the component: of one winoatress
are considoraly hlghir during tho noutnuoat monsoon than the
nortnoant monsoon in the region of the monsoon influence.
The rovercll of the southwoat monsoon starts earlier in tho
north while that of the northoaat monsoon courts earlier from
one loath.



126‘

Baring the traaaitien periods the zanal compononas
urn ooltivn Ind stranqeat it the equator and the maridiuflll

compaacnca are either noxtatcnt or wcak,oxcopt in zne
wuatorn region.

JORGEOIIY3 the curl of the windatroas has opposite

Olga off the east ind flint Gbllfii in the Jorth Indian Ucean¢
Off the cant coast at Africa ad India, during the southwest
monooon, the vorticity 10 positive while it in negative during
the northaaat monsoon. The hiqhalt value of she curl of the
windntreu is obarvad in July in the Arabian Sea» The
Nrth Indian Gavan exhibit: tbs most ipaflial and time variation
of the curl cf the w1ndctret0¢ In the uouthorn hemisphere the
neqanivw curl of the windstrail Ll praduminent during the
whale year‘ The Indian Q¢Olfl ricorda qreanor'eur1 of the
wtndntrela during aha northorn summer whereas the xorth
Atlinaic and Pacitic Oceans retard higher values in winter,

fhe surface c1r¢u1lt1on,aouah cf the cquato§,doea not
vary much and 1: 1: conapiauuusly ¢over0d by tn: wnatward
flowing Seuth Equatorial Currant, arth of the fiouzh

Equatorial Currant is the oaotward ilouinq Equatorial
Gountnrcurront which has a meridteaal shift with season.

It ha its oouthornoct extent during the southwest monsoon
and this in turn punhaa the South Equatorial Current southward.
Th0 circulation in the northern region changes aemiannually



J27

while thtt along the equator Ghlngfil fur time: 1n.afi year
{ho North Equatorial Grront is greaont only durlg th»
northeast nwnsuen and it 10 raplasad by the eastward flowing
$outhw0§t flonaaoa Cutout, Thozofnrn, during the southwest
*moni0on the Equatorial Counter Currant and the Southwesu

Monaoon Currant flow as a single easward current. In
the region bordering the continent tho circulatian in
clockwise during the 0outhue0tLaonaoon and anticlockwise
dring the northeast nonloan. The reversal of the current
along the boundaries pracneda the wind reversal during the
spring @ranc1t1on¢ rho eoavontioallly poruiotant wnstorn

bopndary currant of the nerthorn hcmiaphesa in absent in
the Indian Qaean during the ncraheast monsoon but it is
present an the Iiranqelt gurrent OVOI obsorvcd in any pact
of aha world Ocsana as the 3omn11 Current during the

Southwest manaoan- The amat tntoreoting feature along the
equator in the central Indian Ocean is the presence of the
atrong oaatwad flaw culled the Equatarinl Jot, during
Aprilnfliy and 0¢tabcn~dov0mbr¢ The prtlfint investigation

shawl 1 evidence of the presence of an eastern boundary
curr¢nt in the Indian Qcoan from April ta Aovembor along tho
aunt coat of Sumatra betwuaa 2°a and 695.

Tho South Equatoria1.Curr0nt which flows westward

throughout the year in essentially driven by the aouzheastorly
trades and its seasonal meridional shift is closely associated
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with the variation in ans strength of the aouthorly tranoa
of the southern homanphoro. This is envious from the
distribution at the noponanta 0! wlndatrcaa and tha curl
of the ninéstrequ, South of the oquazor znero is not much
variation in the direction of the wind bun only the magniaudo,

Alan; the equator, the variation at the wind is not
merely snmiannual but varies four t&m.‘I Such a variation
risulta in the pretence of the Equatorial Jat along aha
equator when the zanal cmaonnnta of thnnwindatrest is

maximum in the central region."/Irreloaa oxmination of the
oacurrenco of the maximum strength of the wind and that
at the maximum current it can be concluded that the time
retponao of the surface water to the wind is about one
month in the Narth Indian Ocean‘

the north Equatorial Currant which 10 driven by aha
nnrthcrly trades is prelent in the Indian Jcean only during
part of the your. with the reversal of the nortneaatorly
trade: to aouanwwatoriiea, the North Equatorial Currant 10
replaced by the Snutnweat Monsoon Curacnt that is driven by

the Qouthunttorlioa towards Quit. During this per£od,the
Equatnrlal Counzarcurrent and the south Wont Monsoon Current

flow no I cmmbinod one witfljout I contnicuoua beundary
botwiln them, Basins: the snuahuenzorly winds the shear of
the Hhuth Equatarial Currant clan acts as a driving farce
far the combinod current.
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Fhe palltlwo ¢ur1 of thfl uindltntsn and the pesitive
ulndatroln eunpananta are responsible fer the wuatorn
bundary current in the Indian Ocoan naely the Somali
Gurtnt during the seuthwant aonaeon¢ Uurinq aha

nerthpltt monloon, thu cu:L1 of the windatrin is negative
of! thn Semtli Cbast, A negative curl in the northern
htmiiphnri with a centlaental boundary on one side gives
rim: ta 0 louanerly flow. That In why thy convantional
Iittorn bounaary current is abcent in the North Indian ocean,
although the atmospheric circulation ovtr the worth Inaian
%Oc0nn is almost similar to that over the athcr major aceanu¢
a¢¢auao of the boundaries, tho surface airculatian in the
firabian on and Ba of Bnngll it cluekwiso and uounterclockwise
during the southwnat and northolaa mantoann respectively»
The surface circulation in tha northorn region of the xerth
Indian Ocean, Iomotlnns inaicatol the rovcrsal af the

entrants ahead of the wind reversal, thus)1nd1ca11ng the
influence of thommohallno circulltion which 10 cantrolled by
other factors of the onorqy ex¢hanqe botuncn the atmoaphero
and Ofiififln

most of she montcan depression: ariginato in the
Bay af Bnqal and Arabian 8e: in tha low 1Itltude$¢ iheae
ayclonaa cause I let ef energy txchanqo between the son and
IflB05ph0$€i This lI¢h8n§e drastically changes che thrmahalino
effteta over the surface circulation. In order to have a
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a eomlatc und0rnt|nd$nq of the surface and subsurface
circulations, It wnuld be noeelilwy ta mark out the energy
Qxchanqa la the Arabian San and Bay of Bengal.

The sueceaa at the numor&eal models to simulate the

oceanic eirnulatian daponds on the toad baek of ¢ne phyaico
fbd to the nadol. Unlike in the other najar oceans, aha
time roaponao at the ocean ta the winds is an tnportan:
factor to be ¢on0£fll:td in the North Inaian Qua whore the
winds vary auaiannuallv. From the present invostiqatian it
10 found that the time of tolpcmu of the ocean to the wind
lhould not be are than one mnnth. While Qanlidorinq the
numerical modal of the Equatorial Inian Ocea tha froquont
variation of the wand particularly the zonal components
should be eonsidored inatcad of the cmiannual vuriatien.
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