2 Observations

To define the monsooncurrentsand the associatectirculation in the north In-
dian Ocean,we use climatologicalwind-stressdatato estimatethe surface Ek-
mandrift, andhydrographyandaltimeterdatafrom TOPEX/Poseidoiio estimate
the geostrophicontribution to the surfacecurrents.The netsurfacecurrentdueto
thetwo componentss comparedo the surfacecurrentrepresentedy ship drifts.
Definingthemonsoon-currergystenrequiresmorethanoneobsenationalmethod
becauseachmethodaccentuatesertainaspect®of theflow field, therebyempha-
sizinga particularview of thesurfacecurrents.

2.1 Ekmandrift

TheEkmandrift is computedusingthe“Ekmanspiral” method.ThesurfaceEkman
drift flowsat45° to theright (left) of thewind in thenorthern(southernhemisphere
andits magnitudes givenby (PondandPickard,1983)

Ve=— ' (1)

p(AIf))?
whereT is the magnitudeof the wind stress A the vertical eddy diffusivity, p the
averagedensityof sea-vater and| f| the magnitudeof the Coriolis parametere
useA = 1072 m?s~! (Hastenrattand Greischar1991)andt from the wind-stress
climatologyof HellermanandRosensteir1983)to obtainthe monthlyclimatology
of the surfaceEkmandrift in the Indian Oceannorth of 5°S (Fig. 3); we exclude
theregionwithin 2.5° of theequatoywhereEq. (1) doesnot apply.

Thewintermonsoorsetsin duringNovember(Fig. 1), andthe Ekmandrift is west-
ward in the Arabian Seaandthe Bay of Bengal.lt is weakin the eastermArabian
Seaandtheeasterrbay Thewinter monsoorstrengthengh Decembersodoesthe
Ekmandrift, whosemagnitudds ~ 15cms—1 in thewesterrbayand~ 25cms™1
in thewesternArabianSea.The winter monsoorpeaksn Januarywith northeast-
erly winds over mostof the north Indian Oceanandthe Ekmandrift is westward.
The currentstrengthapproache®0 cms~1 southof Sri Lankaand30 cms™ in
the southwesterrArabian Sea.The drift is weakin the easternArabian Seaand
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northernbay Thewinter monsoonvealensin February;sodoesthe Ekmandrift.

With the onsetof the summemonsoonn May, the winds begin to blow from the
southwesbver mostof the north Indian Ocean.The Ekmandrift reverseso flow
eastvard over mostof the ArabianSea;it is southeastardin the easternArabian
Sea,wherethe winds blow more from the west. In the bay, the Ekmandrift is
eastvard, exceptin the north andthe west,whereit is parallelto the coast.The
currentstrengthis ~ 25 cms™! southeasof Sri Lankaandoff the Somalicoast.
The Ekmandrift strengthensll overthenorthindianOceanin June.lt is eastvard

Climatology of surface Ekman drift
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Fig. 3. Climatology of surfaceEkmandrift (cms™?) in the north Indian Ocean.The drift
is estimatedrom the wind-stressclimatology of HellermanandRosensteirf1983)andis
basednthe“Ekmanspiral” formula.
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andsoutheastardin the ArabianSeawith aslightanticyclonic curvature;thedrift
is eastvard in the bay The directionremainsthe samefrom Juneto September
but the Ekmandrift peaksin July, whencurrentstrengthapproaches. 40 cms™1
in partsof the bay and~ 100 cms™! off the Somalicoast.Octoberis the month
of transitionbetweerthe summerandwinter monsoonswith weakwindsall over
thenorth Indian Ocean The Ekmandrift is wealer than5 cms ! over mostof the
basin,with currentsof ~ 20 cms~1 seeronly southeasof Sri Lanka.

During the summemonsoonthe Ekmandrift is strongin the westernandcentral
ArabianSeaandsouthof Sri Lanka;it is relatively weakin the eastermartsof the
ArabianSeaandBay of Bengal.During the winter monsoonthe spatialvariation
in magnitudeis muchless.Most striking is the spatialuniformity of the Ekman
drift in comparisonwith the eddy-like circulationsseenin hydrography(Duing,
1970;Wyrtki, 1971;Murty etal., 1992).It strengthenandwealensalmostall over
thenorthIndianOceanat the sametime, in harmory with the seasonallyeversing
winds.Thislackof spatialstructuran the Ekmandrift impliesthatgeostrophynust
malke a significantcontribution to the surfacecurrentin the north IndianOcean.

2.2 Geostophicflow

Climatologicalhydrographicdata(Levitus and Boyer, 1994; Levitus et al., 1994)
are incapableof resolving,in both spaceand time, the geostrophiccomponent
of the rapidly changingmonsooncirculation of the north Indian Ocean.Hence,
we usethesedataonly to constructthe annual-mearsurfacedynamictopography
with respecto 1000db andthe correspondingyeostrophiccirculation, excluding
the region within 2.5° of the equator(Fig. 4). The annual-meardynamicheight
is higherin the bay thanin the Arabian Sea(Wyrtki, 1971; Shankarand Shetye,
2001),andtheannual-meageostrophidlow is weak,the strongesturrentbeinga
~ 10cms~1 westwardflow southof Sri Lanka.Thesehydrographialataappeato
betoo coarseto capturethe meanpolewvardflow off Somalia.

To computethe deviationsof the geostrophidlow from the annualmean,we use
the sea-leel anomaliefrom TOPEX/Poseidomltimetry, which areavailableon a
0.25° x 0.25° grid (Le Traon,GasparBouyssel,andMakhmara,1995;Le Traon
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Annual—mean surface dynamic height and geostrophic flow
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Fig. 4. Annual-mearsurfacedynamicheight(dyn cm, left panel)andsurfacegeostrophic
flow (cms~1, right panel)estimatedwith respecto a level of no motionat 1000db from
theannual-mearlimatologiesof Levitus andBoyer (1994)andLevitus etal. (1994).The
basin-widemean(164 dyn cm) hasbeenremoved from the dynamicheightfield. Negative
dynamicheightsareindicatedby dashedcontoursandthe contourintenal is 5 dyncm.

andOgor, 1998;Le Traon,Nadal,and Ducet,1998).We constructa monthly cli-
matologyof sea-l&#el anomaliesisingthe 10-dayrepeat-gcle datafor 1993-1997,
and usethis climatology to computesurface geostrophiccurrentsin the Indian
Ocean(Fig. 5), excluding the region within 2.5° of the equator (Adding the an-
nualmeandynamicheightto the sea-leel anomaliesaccentuatethe annual-mean
sea-leel differencebetweenthe bay andthe Arabian Seaat the expenseof the
seasonatycle; henceFig. 5 shavs only thesea-l@el anomaliesrom thealtimeter
dataandthegeostrophicurrentderivedfrom theseanomalies.)JnliketheEkman
drift, which shawslittle spatialstructurethe surfacegeostrophidlow is dominated
by eddies.The geostrophicmonsooncurrentsdo not form, or decay acrossthe
basinall atonce.Instead patcheof thecurrentsappealor decayat differenttimes.
The monsooncurrentscanbe tracedas continuoustrans-basirflows only in their
maturephasethe maturephaseof the geostrophicVMC (GWMC) peaksduring
January—Februargndthatof the geostrophicSMC (GSMC) during July. At other
times,incipientor relic patchesareidentifiablein the surfacegeostrophidlow.

By November with the onsetof the winter monsoonthe GSMC breaksinto sep-
aratecurrentsin the Arabian Seaandthe Bay of Bengal,this split into two relic
currentsbeing causedby the continuity of the flow alongthe coastof the Indian
subcontinentandby the relentlessvestward propagatiorof the sea-l@el anoma-
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lies associatedvith the GSMC. In the Arabian Sea,the relic GSMC s restricted
westof 72°E, andit appearsasa geostrophidlow arounda low in sealevel; this
low haspropagatedvestward from the Indian coast,whereit appearedluringthe
summemonsoorasthe Lakshadweepow. Therelic GSMC flows southwestard
to the westof the low andeastvard to its south.In the bay, the relic GSMC flows
northeastwrdastheeasterrarmof ageostrophidlow aroundalow in sealevel off
the eastcoastof India; its westernarmis the equatorvard EICC. The GWMC first

Climatology of sea—level anomalies and surface geosfrophic flow

55°E

Fig. 5. Climatology of sea-l@el anomaliegcm, left panels)andsurfacegeostrophidlow
(cms™1, right panels)in the north Indian Ocean.Negative anomaliesare indicated by
dashedcontoursandthe contourintenal is 5 cm. The sea-leel anomaliesandgeostrophic
currentsarederived from a monthly climatologyconstructedisingthe 10-dayrepeat-gcle
TOPEX/Poseidomltimeterdatafor 1993—-1997.

23



appearguring Novemberas a westward flow southof Sri Lanka. This incipient
GWMC is fed by theequatorvard EICC andit feeds,in turn, the polevard WICC.

Therelic GSMC continuego shift westward, andby Decemberit is restrictedto
thewestof 65°E in the ArabianSea.The sea-l@el low alutsthe Somalicoast,and
the southwestwrd GSMC to its westis now synorymouswith the equatorvard
SomaliCurrent.Whatremainsof the GSMCin thebayis barelyrecognizableven
asa relic. In Decemberthe GWMC is fed by the EICC and hasa velocity of
~ 40 cms~! southwesbf Sri Lanka;it alsoappearsn thesoutherrbay asaweak
westwardflow southeastf Sri Lanka.lt flows westbeyond 70°E beforeturningto
flow aroundthe Lakshadweeigh, which forms by this time off southwesindia

Climatology of sea—level anomalies and surface geosfrophic flow
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andSri Lanka.

By Januarytherelic GSMCis restrictedo aminoreastvardflow westof 55°E, and
themostsignificantgeostrophidlowsin thenorthindianOceararethe GWMC, the
WICC, andtherecirculatioraroundeddiesn thewestermArabianSeaandthewest-
ernbay The EICC reversedo flow poleward off Sri Lanka,andthe GWMC now
appearsasa westward flow acrosghe southerrbay at ~ 6°N; it flows southwest-
wardin the easterrbay The GWMC flows westward halfway acrosshe southern
ArabianSeaat 5°N, whereit turnsto flow northeastwardaroundthe Lakshadweep
high andinto the WICC. Therearetwo distinct sea-leel highsembeddedn the
region of high sealevel off southwestndia. A branchof the GWMC alsoturnsto

Climatology of sea—level anomalies and surface geosfrophic flow
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Fig. 5. (continued)
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flow aroundthe easterrsea-le&el high andinto the WICC. Thus,the GWMC flows
westwardto the southof the sea-l&el high andeastvardto its north.

The relic GSMC finally disappearsn February This period, January—Februayy
marksthe maturephaseof the GWMC sinceit appearsas a continuous,trans-
basincurrent.lts strengthsouthof Sri Lankais ~ 40 cms~L. The southwestard
GWMC in theeasterrbay hasshiftedwestsinceJanuaryandis locatedat ~ 93°E.
Continuougyeostrophidlow existsarounda sea-l@el highin thesouthermArabian
Sea;the GWMC flows westward (eastvard) to the south(north) of the high. The
eastvard partof the GWMC, asearlierin the seasonfeedsa currentparallelto the
Indian westcoast;this poleward currentwasthe WICC in Januarybut hassince

Climatology of sea—level anomalies and surface geosfrophic flow
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shiftedoffshore.

Westwardpropagatiorof sea-l&#elanomaliesontinueduringMarch. The GWMC
no longer exists in the easternbay and the southwestwrd GWMC is locatedat
~ 83°E; this partof the GWMC is coupledto a distortedanticyclonic gyrein the
westernbay The sea-leel high in the southernArabian Seaextendsacrossthe
basin.The GWMC flows aroundthe high, and,at the westernboundaryit is syn-
onymouswith the polevard SomaliCurrentbetweerd°—6°N. The Somalicurrent
flows equatorvard north of 6°N andfeedsthe eastvard GWMC to the north of the
high.

The geostrophiairculationduring April is dominatedoy eddies.The GWMC in
the bay hasshiftedwestward andit now intersectdhe eastcoastof Sri Lanka;this
breaksthe GWMC into separateurrentsn the bayandthe ArabianSea.Therelic
GWMC in the bay is the eastermarm of an antigyclonic gyre. The relic GWMC
in the Arabian Seahaswealenedand meandersnore, but its spatialstructureis
similarto thatin March.

During May, therelic GWMC in the bayflows southwestwrdfrom the centralbay
to Sri Lanka.In the ArabianSea,it appeargprimarily asawestwardflow at~ 7°N
andis now fed by theequatorvard WICC. Thesea-l&el highis now well offshore,
andthe eastvardflow to its northis wealer andmeandersnorethanin April. An
eastvard flow appearsn the southernbay between4°—8N; it flows acrossthe
basin,from Sri Lankato the easterrboundary This is theincipient GSMC, andit
appeardirstin thebayevenasthe summemonsoorsetsin.

In Junetherelic GWMC is restrictedn thecentralandwesterrbayto asouthwest-
wardflow from (90°E, 16°N) to the northerntip of Sri Lanka,andin the Arabian
Seato ameandeto thesouthandnorthof thesea-leel highsin thesouthwestThe
GSMCflows northeastwrdfrom thesoutherrtip of Sri Lankato (90°E, 14°N); an
outflow from the GSMCalsorecirculatesaroundalow in sealevel to theeastof Sri
Lanka.The GSMCin thebayis pushedvestward by the westward movementof a
sea-leel high from the easterrequatorialindian Ocean.The GSMC alsoappears
in the ArabianSeaasa flow aroundthe Lakshadweeow off southwestndia, and
it is fed by the equatorvard WICC. In the southernArabianSeathereis eastvard
flow at5°N betweer65°-75°E, meging into the GSMC southof Sri Lanka.
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The maturephaseof the GSMC peaksin July andit exists asa continuoustrans-
basincurrentfrom the northernlimits of the Somali Currentto the southerntip
of Sri Lankaandinto the Bay of Bengal.lt shiftswestwardin the bay, pushedby
the sea-l@el highto its east.Onebranchof the GSMC appearsasa northeastwrd
flow from the southerrtip of Sri Lankaalmostto the northeastermoundaryof the
bay Around87°E, anothetbranchflows duenorthandfeedsinto therelic GWMC,
which hasshiftedwestwardandnow appearssthe easterrarm of ananticyclonic
circulationarounda highin sealevel in the westernbay. The GSMC southof Sri
Lankahasa velocity of ~ 40 cms™ L. It is fed by a flow aroundthe Lakshadweep
low, this beinga branchof the GSMCthatis fed by the WICC, andby aneastvard
flow acrossthe southernArabian Sea.The eastvard GSMC in the southis the
continuationof the GSMC in the westernand centralArabian Sea;this branchof
the GSMC flows geostrophicallyaroundthe sea-l@el high (low) in the western
(eastern)Arabian Sea.lt is the flow aroundthe Lakshadweepow that provides
greatelinflow into the GSMC southof Sri Lanka.

Westward propagatiorof sea-le@el anomaliesontinuesn the Bay of Bengal,and
the GSMC s detachedrom its easterrboundaryby August.It canbetracedasa
continuouscurrentfrom the southerrtip of Sri Lankato the northernbay, though
therearecyclonic eddiesassociatedavith it eastof Sri Lankaandin thecentralbay.
In the ArabianSea the Lakshadweefow propagatesvestward,takingthe GSMC
andWICC with it; thecoastakurrentoff theIndianwestcoastcollapsesWestward
propagatiorof thesea-l@el highsin thewesterrArabianSeacompressethemand
strengthenshe geostrophidlow aroundthem.Exceptfor this partof the basinand
southof Sri Lanka,whereit hasa peakvelocity of ~ 50 cms™, the GSMCis
wealerin Augustthanin July.

With the monsoonwinds wealening during Septemberso doesthe GSMC, ex-
ceptin the westernbay and,to a lesserextent,in the westernArabianSea,where
westward propagatiorcompressethe sea-l@el lows andhighsandstrengthenghe
geostrophidlows associatedvith them. The Lakshadweepow is now detached
from the coastanda part of the GSMC recirculatesaroundit. The sea-l&el high
thatpropagatedvestwardacrosghe southerrbayis now almostat the southerrtip
of Sri Lanka,andthe GSMC is squeezedgainstthe coast.Thereis geostrophic
flow aroundthis high, anda westward currentexiststo its south,flowing from the
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AndamanSeato southof Sri Lanka.

The sea-l&el high that pushedhe GSMC westward throughthe bay akuts the Sri
Lankancoastin Octobey breakingthe connectionbetweernthe GSMC in the bay
andthe Arabian Sea.ln the bay, therelic GSMC flows from the eastcoastof Sri
Lankainto thenorthcentrabay, andit is associatedavith, andis fed by therecircu-
lation around,sea-l@el lows in the westernbay The EICC reversesn Octoberto
flow equatorvardasthewesternarmof thesecyclonic geostrophidlows. The Lak-
shadweepow is now well offshoreandthe WICC alsoreversego flow polevard
off southwestndia. The eddiesandsea-l@el highsin thewesternArabianSeabe-
gin disintegrating,but therelic GSMCis still traceableasa distinctsouthwestard
currentin the westernArabianSea;this relic currentturnsto flow eastvardin the
southermArabianSea.

Longitude-timeplots of the sea-l@el anomaliegFig. 6) shov westward propaga-
tion at all latitudes,the speedof propagatiordecreasingvith increasinglatitude.
Similar westward propagatiorhasbeennotedearlierin hydrography(Kumarand
Unnikrishnan,1995;UnnikrishnanKumar andNavelkar,1997;Rao0,1998)andal-
timetry (PerigaudandDelecluse1992),andhasbeenattributedto westward prop-
agatingRossbywaves.Most striking, however, is the phaseshift in the westward
propagatingsignalat 80.5°E, southof Sri Lanka,eventhoughthereis nolandbar
rier thereandthe GSMC and GWMC form continuouscurrentsfrom the Arabian
Seato the Bay of Bengal(andvice versa).

Latitude-timeplots of the zonal componenif the geostrophiccurrentat 80.5°E

(Fig. 7) shaw that the signalsouthof Sri Lankais dominatedby the annualhar

monic north of ~ 3°N; this is alsoseenin the zonal geostrophiccurrentderived
fromtheclimatologiesof LevitusandBoyer (1994)andLevitusetal. (1994)(Fig. 8),
which also shows a strongsemi-annuakignal farthersouthin the regime of the
EquatorialCurrent.This is in agreementvith direct currentmeasurements this

region (Schottet al., 1994; Reppinet al., 1999), and suggestghat the monsoon-
currentsystemsouthof Sri Lankais distinct from the EquatorialCurrentfarther
south,eventhoughit is difficult to distinguishbetweenthesetwo regimesduring,

say DecemberFebruarywhenthe WMC flows westward, asdoesthe Equatorial
Current.
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2.3 Thenetsurfaceflow

The sumof the Ekmanand geostrophigqannualmeanfrom Fig. 4 plus monthly
anomaliesfrom Fig. 5) componentsconstitutes parring a residual,the net flow
(NF) at the surface (Hastenrathand Greischar,1991). We comparethe NF with
shipdrifts (SD) (Fig. 9).

Longitude—fime plot of sea—level anomalies
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Fig. 6. Longitude-timeplots of the monthly climatology of TOPEX/Poseidorsea-leel
anomaliegcm)at1’N (top panel),8°N (middlepanel),and5.75°N (bottompanel).Nega-
tiveanomaliesareindicatedby dashedcontoursandthe contourinterval is 5 cm. Westward
propagatioris evidentin both ArabianSeaandBay of Bengalatall latitudes.
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During November geostrophydominatesn the Bay of Bengalandalongthe coast
of the Indian subcontinentThe equatorvard EICC, the westward WMC southof
Sri Lanka,andthe polevard WICC form a continuouscurrentin bothNF andSD;
theSD, however, is strongetthantheNF. Therelic SMCin theArabianSeaappears
asa southwestwardflow from (~65°E, 12°N) to (~55°E, 4°N), whereit turnsto
flow eastvard.

The Ekmandrift strengtheng Decemberbut it dominateggeostrophyonly in the
northernArabian Sea.The drift accentuateshe strongwestward GWMC in the
southerrbayandthewestwardgeostrophidlow to thenorthof thesea-leel low in
southwesterrrabianSea(Fig. 5). It attenuatetheeastvard GSMCto its south;as
a consequenceghe WMC appeardarthernorthin westernArabianSeacompared
to eastermArabian Sea.lt branchesaround65°E, one branchflowing aroundthe
Lakshadweepigh, the other continuingto flow westward. The latter branchof
the WMC is synorymouswith the relic SMC to the north of the sea-leel low.
Southof Sri Lanka,the WMC attainsits maximumstrength,~ 50 cms~1, during
DecemberThis is dueto the equatorvard EICC andthe Ekmandrift, which also
enableshe WMC “to mature”beforethe GWMC does;the WMC is in its mature
phaseduring DecemberMarch, but its spatial structureundegoeschangeseven
duringthis phase.

Zonal geostrophic current south of Sri Lanka
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Fig. 7. Latitude-timeplot of themonthlyclimatologyof zonalgeostrophicurrent(cms=1),
dervedfrom TOPEX/Poseidomltimetry at80.5°E (southof Sri Lanka).Westwardflow is
indicatedby dashectontoursandthe contourintenal is 5 cms™2.

31



TheWMC in Januaryis similarto thatin Decemberbut it is strongerexceptsouth
of Sri Lanka.Both geostrophyand Ekmandrift contribute in the bay. In the Ara-
bian Seathe Ekmandrift is responsibldor extendingthe WMC westof 60°E, but
geostrophidlow aroundthe Lakshadweelmigh dominatesn theeast.

During February the Ekmandrift is weak, and the NF is dominatedby eddies,
resultingin relatively pooragreementvith the SD outsidethe domainof the strong

Vertical structure of currents south of Sri Lanka

Average over 3°—6°N

40

160

200

40

200

Fig. 8. Depth-timeplots of the meridionally averagedzonalgeostrophiccurrent(cm s™1)
at 80.5°E derived from the climatologiesof Levitus and Boyer (1994)and Levitus et al.
(1994).The top (bottom) panelshavs the currentaveragedover 0°—~3°N (3°-6°N). West-
wardflow is indicatedoy dashedtontoursandthe contourintenal is 5 cms ™.
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WMC. Owing to the dominanceof geostrophywhich continueshroughto April,
the WMC is almostidenticalto the GWMC.

During March, the Ekmandrift contributesonly in the southwesterrabianSea,
whereit accentuatethewestwardWMC to the southof the Lakshadweepigh and
attenuateshe eastvard WMC to its north.

Thewinds arewealestin April, andthe WMC is almostidenticalto the GWMC.

Climatology of net surface flow and ship drifts
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Fig. 9. The netflow (NF) at the surface (cm s~1, left panels),computedas the sum of
Ekmandrift (Fig. 3) and geostrophidlow (Figs. 4 and5), and ship drifts (SD) (cms™1,
right panels).The sourcefor the ship drifts arethe OceanCurrentDrifter Data CDROMs
NODC-53andNODC-54(NODC, US Departmenbf CommerceNOAA).
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It appearsn threedistinct parts:a southwestwrdrelic in the westerrbay, amean-
deringwestward flow southof a sea-leel highin the southermArabianSea,anda
meanderingeastvard flow to the north of the high. The two relics of the WMC in
the ArabianSeaareconnectedy a polevard SomaliCurrent.Thisis in agreement
with the SD, in whichtoorelicsof the WMC appealasthreeseparateurrentsithe
SomaliCurrent,however, flows polevard all alongthe coastin the SD, but notin
theNF.

The SMC appearsn the bayin both SD andNF during May, but it is broaderin
thelatterbecaus®f the strongEkmandrift acrosghe southerrbay. The SMC can
be tracedasa continuouscurrentfrom the northernlimit of the polevard Somali

Climatology of net surface flow and ship drifts
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Currentto the easterrbayin both datasets;this marksthe beginning of its mature
phasewhich startsearlierthanthat of the GSMC becausef the Ekmandrift. An
equatorvard, geostrophidNICC feedsinto the SMC in the NF, but the WICC is
wealer in the SD. Ekmandrift andgeostrophidlow combineto producethe SMC
in the ArabianSeathe formerdominatingin the westandthe latterin the east.In
the NF, thesetwo componentgombineto form a curving flow acrosshe Arabian
Sea but this currentflows zonallyacrosghe basinat 10°N in the SD.

The Ekmandrift overwhelmsgeostrophidlow whenthe summemonsoonwinds
strengthenn June.Thisis moresoin the ArabianSeawherethecurrentscrossthe
isolinesof sedevel, andalittle lessin thebay, wherewealerwindscomparedo the

Climatology of net surface flow and ship drifts
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ArabianSea(Fig. 1) combinewith the multiplicity of eddies(Fig. 5) to make the
NF differentfrom the uniform eastvard Ekmandrift. Thoughthe SD arenoisier,
the dominanceof Ekmandrift is seenin themtoo. In June,therefore,the SMC
appearsasan eastvard or southeastard flow in the ArabianSeaandan eastvard
or northeastwrdflow in the bay.

The summermonsoonwinds peakin July; so doesthe Ekmandrift. Geostrophy
makes a significantcontribution to the surface currentonly in the bay and south
of Sri Lanka. Thoughthereis agreemenbetweenthe NF andthe SD, the latter
alsoshow the effect of the winds on the ships. The matureSMC flows eastvard
or southeastard all over the ArabianSea,andnortheastwrd into the bay There

Climatology of net surface flow and ship drifts

Fig. 9. (continued)
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is, however, a currentbranchingoff from the SMC southof Sri Lankaandflowing
eastvard-southeastard;a partof this flow, dueto the Ekmandrift, alsocrosseshe
equatorin the SD (Fig. 9) andsurfacedrifters (Shenoietal., 1999a).

Apart from a wealeningof the SMC owing to slightly wealer winds, the NF and
the SD during Augustareasin July.

Thesummermonsoorwinds continueto wealkenthroughSeptembemakinggeo-
strophymorerelevantto thesurfaceflow field. In the ArabianSeathe Ekmandrift

dominatesgxceptin the southeastywheregeostrophidlow aroundthe Lakshad-
weeplow is important,andin the vicinity of the GreatWhirl off Somalia,where
thereis stronggeostrophidlow arounda sea-l@el high. In thebay, the Ekmandrift

dominatesn the south,forcing a broadeastvard SMC, but geostrophyis strong
enoughto make a part of the flow turn northeastward into the centralbay. In the
restof the bay, geostrophidlow aroundeddiesdominates.

Octoberbeinga month of transition,the Ekmandrift is negligible, exceptin the
southernbay andto the southwestof Sri Lanka. Neverthelessjt combineswith
geostrophyto sustainthe SMC asa continuouscurrentfrom the ArabianSeato the
bay;the maturephaseof the SMC thereforeextendsbeyondthe summemonsoon,
unlike that of the GSMC. The SMC is split in the bay, a separateelic existing as
a geostrophimortheastward flow from easterrSri Lankato the centralbay These
featuresarealsoevidentin the SD, exceptthattherelic SMC is farthereast.

Thoughthereare differenceshetweenthe NF andthe SD, the major discrepang
beingthe greaterstrengthof the SD, the two exhibit similar featuresn thedomain
of the monsoorcurrents.The Ekmandrift dominateshe surfacecirculationin the
northindianOceanduringthesummemonsoonyith geostrophyeingsignificant
only southof Sri Lanka,aroundthe eddiesoff Somalia,andin the Bay of Bengal.
Both geostrophyandEkmandrift areimportantduringthewinter monsoonDuring
the transitionsbetweenthe monsoonsjn March—April and October geostrophy
dominateghecirculation.
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