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ABSTRACT

Varinbflities ef LHF dnd gir-rea- nferiction precdsses over the' B quan‘gm’ (BeBvims studfed on dally dark
Jor the June=Septamber (IAS) peried of 19%3-2010 A maw crifezion for the Indian Sumpesr Morseon (S5AG
Breat b sonsidered wring duify TR Mierowae Imager (TA) Frecipamion Saiy aver caniral Indfiz An SN
Ereak i ds:‘hr.;:.' i the standandized retitall apemaly over cenral India &1l than -0.F nen for at Ieazt four
consecutive cavs (ollowing Samanta ¢z al. 2016). The el defined Break perivd: mitich well with eariler
studies The most mmgumg resuit of this sy 5o plserve ine mm of IS\ Sreak peried i J0-50 ﬂ’a;t
fiitzred imemt Fem fac (LHF) amsmaly over the rortkern ol &t & foun thm |f mracearonal THE omme
over tha nortien BoB & ez than -5 T and continued for four consacutive dayT then mbnioon breat orcur
wighin nexe 10 davz. In addition, the sgumtorward shif of the Intse-tropical Comvargance Zone (TTCZ) fow davt
Frior io the bregh o clearly observed consmtent with the presence of pegative putgomg fongwave radiation
(OLR) avomad). The GLE rhows axirong negative correlation with LHF over the nortiern Bod

Keywords: Lot hean frex, Jrdian-summer monzeon Sreat ITCZ IR and Cuispme iongwave radiation

1. ]'_n.tm&n:_ti!:l_n

it 1n well known that tropical Indian Ogesn
(10} acts -as the major zpprce of heat and
myistire m uppivine the necemary ensfpy o
drive and maintain the fargescals summer
monsdon ciculaticn and assovisted ranfall
or=r the Indisn subeomtivent Therefors
pndemstasdingy  of the airses imtéraction
procestes  over the wopied IO sfid i
szzociation with Indm@n Summer Msizoon
(Iski) defica 1 of imponance. The knowledze
of the heat lozs from the ocean suifsce to the
atmosphers; both i teems of Latent Heat Flux
[LHF) and the Sepuible Heat Flux (SHF) = of
paramount imponance for the study of pirsea
ensfpy exchanze The global mean of this
gpergy transpont i equitalent to 26% of the
meomire solar onergy at the top of the
mimosphisrz Incidentally, therz 3 a lack of
gdequaie’ oberranony over the Indisn sead
extimate thess fluxss. Hut few observefionsl
studier-ave formd 1n the htershure based on the
daz: collected dunmg HOE ISMEN-TZ
MONSOON-77, MONEX-"3. BOBMEX.%2
exneniments (Pisharoty, 1965, Mohanty et al
1983; Mohanty and Mohan Kumar 1930
Bhst, 2043}, Thers stigdies have demotcihrated
the signifirance of the enerpy flux varmbilies

over the north TO #nd the mummsr monzhon
actrvities over India dunng differest epochs. In
gddwion b the land =ea thermal contrasi the
E5M rainfall s also affected by the total LHE,
send 1tz spanal disimbution over the: sorth
Tndian Depan the Arhian Sap (AS) and the
Bay of Bengs! (Bo3) Webster (1972) found
that both latent heat and the orography are
mmportant m forcine the megn caponlation
the tropics and sub-tropics. The chenges in the
thermal conditions Sver the tropscal IO =
mainly contnbuied by chanses m the THE
During mid-May, the LHF over tropical 10
drastically increasss coinciding with the onset
gf Azman stmmer monsson (Xu asd Chan
2001}, Aasther study by Mobhanty ot al. (1998
ehowed a sspmficant posdive anomaly 1o LHF
over-the southwestera zector of the Amban
Sea off Scmsl; cposst dunnz May  They
aitribpied thess vamation 10 lhE_'L'EIIEI:Im.t‘;' of
Mascarene's high and the assodisted <ross

equzkiz! o

The svaporatton over the sprroundme -ocean
sezgests that ons of the major sousces of
motzture dusme ISM rainfall over the Indian
subcontment e the BoB. The importance of
gir-sez fluxes and the summer monsoonzl
actity over India is well deseribed by
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Mohanty &t 2l (20020 A sudy basd on
Comprestive Ocean Atmosphere Dats  Set
[COADS) for 2 penod of 1930-1979-thowed
higher LHF oiwer the AS. BeB and westom
Equaterial Indiee Ocean (EIQ) dunms the
EXCESS MIQNEION VEETs &3 compared {0 deficat
vezsz - (Mohanty et al, I906) In contrast
Ramesh Kumar and Schissse] (1298) reported
that the L HF o=t the AS has been found to be
high dumins very Wweak monsoon {12 1987)
and relstivaly low dunng the actve ones (12
1988} Thev sitnbuted this to the 850 hPafevel
wind flow over fhe AS which was not
condudive to advection of motwe o the
subeootinent Tt iz well Inown thaticoavective
activity over BoB indoees stronger wind over
the A8 and thereby incressss motstore
advection anto  the Indian  subconhment
{(Snnrvzsan and Nanjundiah. FO02) Ramesh
Eumar et sl (2075) reporiad that the weaker
mdstirs transport inta the Indian sabsontinent
1 du= to the substantial decress m convective
activaty over the BoB m July 2002 compazed
2 July 2003 (pormal monscon menih)
Further, Joveph and Sijlmmar (2004) showed
that the conveshive heat dource over BoB and
the strength of the Jow zoaal wmd at 850 hPa
orer Indias peomsola have the mexymum
bnear comrelation st s lag of 2-3 days:

In the present study, the ISM Hreak period is
:dz::.r_lﬂed by standardized daily Fter.lpita.tlm
foliowine Sementa =t al, (2016) The
bﬁhniiﬂu: of LHF over the BoB mﬁ th=ElD 12
sipdied on dady basis for the same penod. In
addiicen; #he behaviour of Inter Tropical
Cenversence Zone (ICZ) & studied over-the
BoB and eayt equatorial Indian Ocesn dunng
the sams penod

1. Data and Meéthodology

o fine stody, Tropeeal Painfall Measurement
Mission (TRMM) 3842 daily data @ used fo
calculaie ISAL brezk dirine the: perisd of
1958-2010 Bllowine Samanta &tal. 2018, The
datly Objechively Anslvzed (DAY flux (SHE
and LHF) NOAA mesrpolated Outgoms
Lopgwave Hadsauon (OLR) and NCEP-
NCAR reanslysiz wind date are used 1n this
study The THF and QLR are filterad for 16—
90 days uamg Butterworth band pass filter

16

1.1 Tropical rainfall measurement mission
3B42 dasa

This study uess TEMM 384D version—§ of the
daily dats product The ami of TRMM 3842
alzorithen &+ o develop merzed Infrared (IR
precipatation, andl oot Aleani Sounare: (BRIE)
precipitation, sryor setimiates The: aloorthm
divided into two separafe steps. The first pan
w2z TRAIM Visible and Infrared Badiometer
System (VIRS) levei=1 madiance produet
(1B01), TRAMM Alicrowave Imaser (IMD
tevel—2 rain profile produst (1A12) and the
monthly TAVI Combined Instcmment (TIT)
calibration parameters (level 3 3B3I) 1o
prepars monthly parameters Thes= deriv=d
menthiy IR calibabion paamelers & used m
the second pant to adpst the merged IR
precipatation data The merzed IR dits conuists
of Geostationsry Meteorological Satellite
(GMS), Geostationary Operational
Environmeantal Satellites - Eazt (GOES-E}L
Gegstanonary  Operational  Environmeita!
Satellies — West (GOES=W), Meteozas—,
Meteosat—95, and NDAA-12 dsta The ﬁr.._z!
grdded, adjosted merged-IR  precipmation
(membr') and BRMS  precipitatios—emror
estimates have = daly temporal resolution and
with 02520 25° spatial resolytion Spatial
covermze sxtends from 50°5 0 30°N lantods
Details of TRMAI data informabon are
svzilable at http'//daac i naza pov ate

1.2 Objectively analyzed heat flux data

The Objectively Adalezed (OA) Flux projact
£ an omsoing redcarch aed | deselopment
project for giobal ar-sea fluxes The projsctas
plenned foenhance giabal ezhimates of ar-ssa
fluxes of hest freshowoter, and momentum,
with: @ target of esteblishine a wmwque souses
for global ocean murface foromng datzsets for
Tations research. The major sourses ==
marine surface weather reports from Voluntary
Chizmvmg Ships (VOS), sstellds  remots
bensing, mumefical  weather  prediction
snalvais, and operational analvsis outpots. This
process reduces efrot in 2ach input data soutes
and prodoces. an estmmare thar has: the
mmimum esror vanance. The OA Flox project
uses the ohjective enalyas: to gst the optmal
extvmates of flux related surfare meteosology
and then calculates the slobal flukes by uamne
the =dvanzed Wil flix peemeterisstion
(Fairall « 2l 1985 2003, Bradley = al
2000y, The project cumently providés glabal
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bums senies of ocean lstent and senmbls Kaat
fhoxes, océahl evaporaiicn fand fox felsied
surface metecrology from 1958 to presant. The
flox datdizets have the spats]l resclobon of
1*x1% The LHF and SHF prodoce were
provided by e Woods Hole: Ocsanographic
[nztinte (WHOI) OAFIux project
{htto /paflux. whoredu) fonded by the WOAA
Chmats Observatione and Monitoring (COMD

2.3 Ourgoing longwave radiation data and
reanalysis dataseis

The OLR daia a1 the top of the atmospher= 13
observed from the Advanced Verv Hizh
Reasphition Radiomstar [AVHRER) watromen
on board the NOAA polar crhihne spacecraft
The-mesn monthly miespolared OLR dara for
the persod 1973— 2002 13 psed m ths study,
Interpolated OLR and Natwonal Centre for
Environmental Prediction (NCEP) resnalyiis
dats are provided by the NOAA through their
webaite at http: www. estl oosa gov pad. This
OLR datasst j5 from the NOAA Climate
Dmonosiics Cemier (CDC), curently the
E 1.-:::1 Seisnces Dhivissor the Farih Sysiem
Rezearch Laboratory (ESEL), with gapn Glled
with tamporal and spatisl  interpolation
(Liebmenn aud Smuth 19%6) Afess-with low
OLE are assocaated with lugh clond tops and
kense deep convechon 3o CLR zconnpderad
85 a proxy for convection {or ramiell) mn the
tropics The OLE date is in 23%2 57 spatial
end resolution The bonzonts]l wind falds
pz=d are obthinsd from Wationsl Centre for
Envircamental PradichenNanona] Centre for
Atmosphenic  Ressach  (NCEPNCAR)
(Eatnaw at 2l 1996) for the same period a8
OLR.

3. Resulrs and Discussion

3.1 Ideatification of monzoen break days

from TEAAL data

Dy apells for ssveral diyn in peal monwcon
perind, L&, Juns, Julv, Ausnst, and Sept=mber
(FJAS), 1 considered & moozoon break
Generally, monzobn break lazte for fawr dawm
te twe wecka. Metsorologits defimed the
break od mvancos ways, Forsxample the
break 15 wdentified by Rao (1976) umne lovwe
level pressure and wind pattern Durmg break
period 3t = nobtced that monsoon Wopsh o
lozat=d close to the foathills of Himslavas, mnd
ezsterly winds ars absent i the lower

AT

wopoipkars over Indian repion (Ramdmurty
1960) . Sikla and Gadail (1978) proposed thai
the prezence of: satievoiome: vorticity abova
the boundary laver can be uzed to ideahfy the
monsoon bresk Goswam: and Ajave: Aokan
(2001) used the strensth of cirzulation present
to the south of 15°N, 90°E at 550 kPa level to
define the break Keshnan et al (2000) feund
that & manzoon break can cecnr when pesitive
ors 1:'..;11:111_ sxceeds 10 Wm™ over the
1B'N28°N, TIER2E Similardy, Joseph =t
2 (2000 cmuﬂf:reﬂ 2 monsoon bresl @
oceir if the standardized OLR snomaly over
the zbove region 1= more than (1.9 for four
cafifecutive dayy: Nesma 8l al (2011) took
daily OLR and foond fhar dopmg bresk
{actrve) phase of ISM dasty OLR 12 more (lesz)
than =03 standerd deviation RBajeevan ot al
20100 enalyzed dasly sndded r2ndfall over
india and found thet of standerdized randall
aponmly TVEl momTn CorE fone 11 kst than
=10 then ot wnll l2ad to 2 mansons break fris
to bz noted thst in most of thess shudies the
break is defined for the moath of July andior
Auguit In the present study, hizh resslotion
(0.257%0.25%) TRMM 3B42 version-6 of daily
precipitzhion data over the Central India: (CT)
(averaged over 13°N-_27°N and 72°E-8FE],
13 ysed fo define the weak penodidery spell
dunng JTAS following Samants et &), (2016),
The monsoos reakidey spell &= dofined as the
P:'Llh.ﬂ durins whieh standardired rzinfall
anonmaly i less than 0.5 mm for at least four
consecutive days (Samanta et al, 2016) In
adopting thix critsnon, the: bread getiemn o
observed rminfall departures dusing the break
i Fegt in mund (Ramamurky 1989 The
newly defined break period matches well with
geveral esrhier stodies (Enshnps er al - 2005
Barsevan etal 2010, 2013: Smgh 2013), The
dafined excess and defipit pentods match well
with ThD fain gauze obspretions slso,

Fizures 2a), 3(8), 4{a) and 3(8) show the
negative - standardized ramfsll anomaly for
vears 2003, 2007, T002 apd 2009 respactively
Ther clearly show the motshon brask = fhe
above yearz

1.2 Climatological heat fluxes over Bay of
Bengal during ISA] period

Az mentionad =aiher, e Bod pleys e
lzading yole m sepplyics meistime o the
Indian tandmazs dunns 1SM pericd | s one
of the schive convective reégiops  which
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Figure 1: JIAS climatology of {a) Latent Heat Flux and (h) Sensible Heat Flux over the Bay
of Bengai (in Wm').
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Figure I: (2) Negative standardized rainfall anomaly for the year 2003 (red bar). (b) 10-90
days filtered LHF (in W) :rmgﬂl over the BoB (86°E—100°E) and the EIO (75°E—
100°E} for the year 2003,

supplies moiviore durine I8M perind The key SHF However, thert and lonz wae Buxes
components of ensrgy sxchanes betwesn the Eaveralso arole in energy balance Howesver,
ocean surface and the stmosphers are LEF and m thi stody, the main concem is the keai
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flume:, particulacly THE Fizuee 1 shows tke
climatglogical condition &f L HF and SHF avar
the BoB for ISM (JTAS) pericd The LHF
value: vary from 40 o HO Wm™ The
tatdmal belt between the equetor and I°N
shows the lugh EHF value (136-140 Wm ),
sigmifying more convection over the region
On the other hand, SHF cHmatolozy varies
from —6 to 14 Wm~ The LHF w1 of the order
of 10 times then thst of the SHF, K clearly
idirates tiat the | HE conmbutes mores to the
agergv baisnce than the SHE The maznitude
arad variation of LHF over the BoD #= much

be ths comieguence of the pressncs of fresh
water. discharged from nven, over the rezton
The larpest cceamic heat losz | +5HFE)
pocur nearerto the squsieral resion and less
slong the esst coast of Indis.

33 Northérn Bay of Bengal Larent Heat
Flux a3 an indicator of montoon break

Gegerally, seinfall donng  extre—monsocs
monthis 35 sof associsted with the IHF The
weekly SST vanstion thows thet the snorthem
BoB cooling precedes monsocn hreak by
about one week (Vecchi and Harmsen, 1002)
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Figure 3:(n) Negative standardized rainfall anomaly for the vear 2007 (red bar). (b) 10-90
days filtered LHF (in Wm™) averaged over the BoB (S0°PE-100°E) and the EID (T5°E—

LME) for the year 2007,

mose than SHF. It trisgers the loégic of
studyinz the LHF over the BaB in context to
BN falure. Figure: | shows thar durmng
mﬂmuﬂ;&&mﬂﬁ&ﬂﬂﬂﬂﬁmth}gbﬁ
LHE Mahanty et al (1896) also showed en
merease of LHF in monscon season i
compared f0 pre— and post-monscon period
The sogthern part of the BOB shows high
Istant heat flux (of the order of 130140 W'
B! [t may b= due 1o the presencé of higher 85T
over the region, which incr=Eisy s sea
surface -afr specific  humidity differencs,
leadimp t= greater LHF It &= interesting to note
that the head bay segion bas Iow LHE thef may

25

Hazyes et 6l (1991) found that intraseasonsl
88T aficmalie: generally fagped the reduced
evaporaton by sbout ope—guarter-cyels and

o conchided that EHF onomalies: gee
prunanly  respossible  for  donang s SST

anomalies oo the anfraseasomal frmescale
Thus, =t = quete possible to study the achve

and break phase of monsoon by studvine the
LHF over the BoB. Esrlizr studiss (Sensupta
et 3l 2001 Sénsupta and  Ravichandran
2001) reported the cohsremt svolohon of
surface heat Mot SST, and contection in ait
mirzzes=omal seale They alws studied ths
variation of latent heat losz over the EoB
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Figure 4: (3) Negatiye standardized rainfall anomaly for the vear 2002 (red bar), (b)
10-20 days filtered LHF (in Wm™~) averaged aver the BoB IB.G'TE—}_DD‘:EE} and the EID
(73°E-100°E) for the vear 2002,
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Figure 3: {3) Negative standardized rainfall snomaly for the vear 2009 (red bar). (h)
1090 days filtered LHF {in Wm ™) averaged over the BoB (S6"E-100°E; and the EIO
(TE°E-160°E) for the vear 2009,

guring active and break phases of the [8M datz dunng ISM period betw=en 1972 and
B0, Lm and Wane, (20]12) anslyzed OLE 2810, z2nd geporied the smistence of tWo
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myrEzEaseial sexillsfions (I50) istive cémes,
ofid i3 cier the EIQ ($°5-3°N, 75°E— 100°E)
and olker over e BoB (10°M=23N, T0°E-=

B0°E). Thersfore, it may be plassible to 2
signature: of monzzon break in the THF over
these convecnys EEZEOAS LWO  Ecthe
convectae Egens over (1) the BoB {5578~
225N and (&) the EID (3554 5°N) over

the longitude range TFE— JOUFE  are
conudersd Tor the mpalyms: The ranses of

theze regionz nearly match with ther of Lin
and Wang {2012), The desily I'HF over the
BoB duning monscon period for 1998-2010, is
filler=d upung 3 scond-oeder Builsrmomh
bBandpassd filter with ‘a [0-20 disz peniod

(poditive] and low (megatine) phase over the
ISM paricd From fizures. it 36 clsar fhat the
LHF ales experienees prominzat T8O aver the
BoBE and the EID (Figure Ib-and 3b) In
sddmion;: an cicilladon s IHF azaomaly
found ic be-mmptaned befiveen the EIO end
the BeB, Simuler cscillaten 1m ramfall and
55T i alao observed durmg ISM IS0 (Wang
et al, 2065 Lig and Wanz I3} Fimire Ja
and 34 show apegative standardized snomsly
af gady rainfall sver O for the vears 2003 and
2807, Before the occumencs of mopsoon
bresk the presence of nezative LHF anomsly
et thée BoB & domlv observed. The tme-
latitude -varation: of the fillzred LHF

MY %o W

Hlnfl:ll:l ﬂhr LM Tremmh i

Figure 6: Frequency distribution of monzoon breaks during 19952010 at different time
lags after the existence of below threshold (<—% Wm™j LHF for four consecuiive days

over the BoB.

Datly flteréd LHF ancmaly 13 then spatiaily
gvetaged over TE-IQ0FE & each of the
BOB and the EID Iatitudss, cansidering: cnly
tite ocean ares: o mvesigate the-vanation of
fltered 1HF with respect to the monscon
break. two normal momscon yezrz (2083 apd
2T 2ad two defiest vesesz (2002 and 2005
(&= per IRITY) zre szladted. Anomtereshing rezult
by Roxy =t 3l (2013) zhowed that reinfsll
guring ISM pﬂ'i‘.‘.‘-‘d lags 85T by ~12 davs.
Kegpine the lag tims in mind the exsminsties
of venstion of LHF sfariy from 21 Msy of
each wear Figures 2b and 3b show the
tatitude—time '_'IID' of the filtered LHF dunio
the mosizooy seazon of 2003 and 2007
respectively. Sumuiar o sotwe and break phase
of monsson - the THFE sl mamisis g hish

anomalies over the Bob and fhe EID a1
plotied in Fizore 4b and 3b for 2002 and 2008
ISM pettods-respechively. The-150 in LHF
apomalier over the BoB and the EID are more
promment dunng e period thaa that dorino
normal menscon years Flgure d4a shows 3
pegatrve sinndasdizad anomsly of duly raindall
over CI for the vear 2002 The monsoon hreak
perinds 14 Jone—I6 July and J0-20 Jolv zre
represented o Figure 42 &5 bars with
standardizad zinfall anomaly less than 0.5
Simifayly, the bav plot in Fiouwre 32 with
statdardized rainfall smomalv less than —0.5
represante the motizoon break for the vear
209 Figure' 3 and 3 shaw ths presencs of
wmesative LHE epomalies over the BoB before
the cecumetoe of monsson break: [t can be
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mferred from the analyss fhat ihe prezence of
nezgative LEY anomdls over the BOB can be
pzed a3 the sntecedents-fur monscohn breal: To
mvestionts the relation between the THF
enonzaly and fhe monsoon break the averaged
LHTE ovar 13 3N-213°N, 307E1007E region
iz mudicd Campsnne the momscon boesk
period and ceepreences of THF spomaly, 11
found thst monsoon break may occnr within
10 dayy from the fourth date of the filtered
EHE mﬂma_'f below  the threshold walus (-
5 W 'I.f-:sri'ﬂummm& consecuiive
dsvs The occurreace of menseon break and
ths LHF ‘ancmaly balow the threshold &
studied for the antre thirteen yearr peniod.
Figiire 6 zhows the Sequency of cichmesces
of monsoon break st different fime Izgs:after
the sustenance of LHF threshold (5= 3 Wm™
for four censecutive days) over the aorthem
BoB. From Figore 3, ot 13 clear that a greater
number of Wesls oot =iter & dEyottee the
theeshold 1 reached The fizure shows that
thare 18 2lso an eccurtence of break beyvend 10
deys limet Hoowesss, it 15 found that, for
65 4% cases therz iv & monsoon breake afisr 1—
10 éavs just afier occurrence (After fimrth
canseruhive: day) of belew threshold LHF
anomaly o= the nertheen BoB (15.5°N-
21:5°N, BFE-190°E). From fussmdy. o msy
be wferred that LHF anomaly over the
northern BoB can act a2 & precursor to the 1544
break. aleng with other -meteprological
pafatieters 'Hma?r_!l::rmpm of the long
existence of LHF attemsly below threshold
VRlpE ovet EhiEnBﬂ:lﬂElEﬂEﬂi:h i ites s Ll

break 1z oot ea.rﬁmlnEapi!EuthEr
tveatioatien
To smdy the mechenizm of the jow LHE

{compared to chmstolosy) over the BaB
before tha motsoon bresk the sorfsce Wi
spead denved from the TMI cbseratons is
pislyzed Tks 166t panst of Tisurs 7 repreients
the difference i the compoaits of TN wimd
speed (Ea the compisite ofwind spaed during
break peried — the composite of wimd speed
for =sctrve penod) Te two Bopical  hormal
monsson years: (2003 =pd 2007) and two
deficyt vears (2002 and 2009) It = clearly
found that dunne braak period the wmd speed
Teduces over the BoB and meresses over the
EID nearer 1o the Indonssia coast The
decreass (inersass) i wind speed mught be the
major factor to reduce (enhance) the T HF ovar
the BoB (EIO) region The rizht panel of

n S !

Fizure 7 represents the: differénce in the
compusite of horizontal wind veclor (16 the
compodite of wind vector darmg break period
= the compsarte of wind vector dunne achive
persced) -at 1000 BPs for normal asd defica
mensoon yesr Lhe yesrz. 2005 and 2007
represent the nemmal ISM vesrs, 2002 and
008 fepresent the deficgt I5A] vyears It o
obzerved that durino the beeak p&tmd rons
equatorward camponent dominatss the flow T
suggests that fiie strengith of the nerthwesterly
wind faid present over the BoB in reducsd
Tha redoction in the wind feld redoces the
ksat loss from ths ogean sirfce and resnts in
s decrezzz in LHF over the tepion
Addmionaily, the anomplous equeteryesd
compeonent of the wmd:flow soopests more
moisture transport towords the egoster It a2
clearly observed that anomealous nosthessterly
wind pernizts over the BeB donng the pormal
ears, whereas, anomaloue sorthwesterly flow
perusts over the Indian lapdmass dunng
defsit vesrs Dunng 2 momal yeat, = weak
anticvelomie circulation deva 2loped over the
head—tay region (Fizuwes Tedi. This
circulation ‘heccensa | gtrono  anid  miseates
towsards the soothern BoB snd the :nfj_mbitr
durmng the deficit vears (Fizures Te—h) The
encmalons anficyclense foaw cresies @ clear
ey conditan  over ihe . reEmm amd s
responstble fop the release of moge heat to the
a:lma:.ﬂ_,;]:l'.z:f frem the ooean murfsce. Henoe, 11
canses to inerease of 1HF wn later stage over
the region, thereby contnbuting 8o the active
phass = ISh

Therefore,.  the mteracion  benwess  the
atmosphere and the oczan thos mamtams the
active and breal phase of I8M throueh air =22
interactizn, Figore B shows the compoute of
830 hPa wind asomaly betwesn break pensd
and active perieds of vears 2003, 2007, 2062
gid 2009 The compesie of the wind ancmaly
thows shmost similar structure as that of the
1000 BPa wmd. The anomalous equatorward
fow-over the'BoB s-very clear mothe $50 BPa
tevel It can be mferred from Freure § ther of
the low-tevel jetes wenkened donng the break
pectad This zgrees winth  earlier studies
(Rodwell, 1997; Joseph and Syikumar, 2004),
which shovwed thet dunng the break pencd,
southwesteely wind paitérn =fier inhbited -for
portitward netion, bents south—southwestvand
dizection. '



VayuMandal 44(2), 2018

T d A RS G
';J‘;"'."""f‘ § -
AN ST v s ww=iy
ixkk“-“'lh\tﬁiﬁi‘
AN

BT EA G A EE R

l-l‘\l.'ﬂ-."\-"'l Il.l.'_i'.\-l"'"

L T e

ML M M52 BN CE BE MG BE WY SN e o

] o

Jim -

= e ——— o -
S - e e —

S
ln—-—d-_f‘;‘.‘-r

(e (mgrr)

i = 5§ h_-&__«,_.,._-.__.._l..qll-l-'-iqll

42338 ¥ 8kN
"
W
}
72
o
&
bos
i
v
i
W
F)
£
e

l!rli'-ll'....l'-fjli 3 ] Foa

L e F RS S NN [

Jt-#*'lx-.,'_‘w:‘-.-.'u'-t'-u o 3
-

LA I T T e S S e e e

.--1#-«..‘.-;-'-.-.‘-'-'--"

HI’WWWHW“W““*HF‘

L]
| i
]
o
M
qlJ"fr---*.f.-'.-f'r
- Ll i
b sy pmens &
T’: r-r'-r-‘":':{._‘-_ & e
1 = p B
sl =Na N Mo PR )
m‘\_ ",‘.,-La.%-.._..‘-,«,_;._ﬂ . b
" R A, '\.\"‘»-.
w
war

5 3

"

FJ,'LI_‘_-
.i'i‘;‘l' ar ey
1

- - -l'.-l'r'rr-n."'».rw.\

—
\'h"".'..lt'l!

- = B 2 e
Liipbide degrem)
#g_ T ——

Figure 7: Ilu; Ieft panel represents the difference in composite wind speed (break period — active
perfod) in ms” over the North Indian Ocean for (a) 2003 (c) 2007 () 2002 and (g) 2009 from
TAI observation, The ﬂgh:pudr:prﬂ:nuthemtzmrﬁnh‘hﬂ (1000 hPa) anomaly

{break period — active period) In me= for (b} 2003 (d) 2007 (f) 2002 and (k) 2009,
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3.4 Eaguatorward zhifting of convective
cloud band prior to monsoon break

The pouition and latindins] movement of
ITCZ i manifezied by the pesdton of
comsesiive ¢l bands. The QLR s uzed as a
proxy for convective zotnity and indicates the
location of ITCZ Fizure 10 shows the
chmatological posmon of ITCZ iy rerms of
OLR averaged over 7SE-100°E. Duning the
BN period, the mom mogsoomal contedne
rezion locates over the latindinal bele of
10°N=-20°K,

Bt 1 sssocmted with fow OLR (<200 Wm™)
oeer the BoB (Figure %) Previons: stodiss
(St pnd Gadgil, 1980; Lawrence and
Webster- 2001; EKoshnamurthy and Shulkls

2007y showed that' movem:snt of TICZ m
north-south derection could affect the ISM
break. To study the movement of ITTCZ dunns
the break penod OLR acomalier for two
normal ISV vears 2003 and 2007 (Eigure 10)
and two defict ISM yearz 2002 ang 1009
(Figute 11) arz analvzed Shaded bands
mdicate the monsdon break penods for the
correspondies venr. The  presences o
convective cloud Band iv marked with the
ogccumrenees of nagstive OLE anomalies Tt ds
clearky seen [Frmarsa 10 asd 11)thet thok
cloud ‘band (negatre ORRSG iz =2en over the
eguatonial repion. duning most of the break
perrod Oaly dunng August 2000 eguatorsl
repion showse: lez= clomd cover, Wwhich wm
different from the other ISM breaks. fta 1o be



VayuMandal 44(2), 2018

noted that [SM deficnt during August 200913
crested dus to the ISO of the Prcific origin
{Neena =t al - 2011). Ancmslons equatorward
flow i3 noticed dunnz ISM bredk period
{Frgures 7-and 8) The squarorward msgrauon
of cloud band (i.e. ITCZ) 15 clearly smdicated
by the presence of negative OLR anomaly
before the opcnrrense of monacen beeak
Fizmwez 10 and 1) The equatorward

FfMay tdun 11Jun2idun 10l Thdul 21dul 1AUG 11Aug21Aug 1Sep 11Sep21Sep
—_—
200

of Inter Tropical

180
Figure 9: The climatological position

g 10 200

oLR cs.mnml.ﬂm (averaged over wme:. mwrm':

movement of ITCE marked the equatorvard
trafnport of moisture the (or squatorward shift
in the convective region) from the BoB, which
apd resmMs an monsoon break Now the
gueshon anses, what sre the relation betiveen
'LHF over the northem BoB and equatorward

movement of ITCZ prior to ISM break?

Convergence Zone (ITCZ) in terms of

Dutgoing Longwave Radiation (OLR) averaged over TFE-100°E during the mensoon pr.tnml

From these results, we bypothesize fhat LTHF
cver northérn BoB plevs a critical refe in

mIonESonat ComveCtinm

It suggests that before 1-10 days of ISM breal
low LHF persists over the BoB. It v associated
with the equatorward shift of the low-level jet

The ancmaicwy equetcrvard fow dunng the
break: period (both normal vear and defient
year) (Figure § and nght panet of Figure 7)
pumps mosture towards the -equator and
enhances the cloud foomation. hence
comributing 1o the decrease in OLE over the

equatonal region
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Figure 10: Standardized Outgeing Longwave Radiatien (OLR) averaged over 75°E— 100°E
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Zone (ITCZ) is marked by negative OLR ancmaly. The Box indicates the break period of the
year.
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1.5 Meridianal drculation during monsooen
break period

[tumﬂhnawnth:tﬂupmmnan'ﬂ[ﬂz
genotes the lopation of the ascending branch
ﬁwm{wmﬂﬂlﬁﬂ
Mohsn, 2001) Figure 123 show: HA

{8} 100+
150

Pressure level (hPao)
3

i mepdions!  circulation
m&ged ovet TS'E—100°E. The streamlines
are plotied to get the shape of the different
celiz. The Hadlzy cell 18 reprezented-by the
prezence of the descending branch exzending
from south of 15°5 m&ﬂmmmﬁmgtecaﬂch
narth of 1378,

Iﬂﬂﬂl

) 45 -30-55-50-15-10 -8 0

10 18 20 25 30 35 40 45

Latitude (degree) e

Figure 12: (2) JJA Climatalogy of meridional circulation averaged over TSE-100°F (b)
composite anomaly of meridional circulation during monsoon break in JJA during 1998-2010.

The Hadley cell cirenlation agrees with fie
ptc-.-wu.-.stnd:u Ifh:ﬂgmaﬁ]::hw
igvel jof present dunng the IBM periad &
Je.!ﬂ:, zeen by the vertical :Eﬂmﬂnﬂmg
betwsen the equator and 12.5°N. The vertical

cell 15 extendad up fo 630 hFa fsvel R
mhﬂwﬂhﬁnﬁfiwphmd&yinmu
(2004) Figuee 12k presants the

amal}ﬁfmmdmuﬂcmiﬂhmdmmﬂiﬂi
bresk for JJA for 19982010 Anomalouvs
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ginkings (189525 af &ir (L rédnckion in

comvection) i3 observed in the ascending
btanch of the Hadley cell In dddibon

anomaloss naing (around 30°5-2075) of ax =
cbszried m the dexgendine brinch of the
Hadley cell Moreover, the Hadley cell =
sgueezed to 10PS to IFN Thu zesultsin-s
weak Hadley call over the Indian remion and
rezults m auppresmon of convechon over the
BoB and the Indian subcontment The
mquesring of the Hadley cell clzarly mdicates
the spmtcrward movement of OEZ
Moreover, during the break peniad, the normat
mizridional eirculaidon cell i dichurbed and
resnlied m {chibition ¢f deep convection over
thea BoB - and the Indisn subeonhnent Hedce
maonzsion hreal penod persssty

4, Summary

Oczan can mfluepes the atmosphers aoly
through serface heat flux even of 35T remoms
mvanant, Therefore, the role of hept flox o
mpge fundamentsl Varishility of LHE and aur
o2 inferachinn processss over the BeB i
sudisd on dauly basis during JJAS pencd of
10982010 A new coterion for the TSM break
i considered uging daily TMI rainfsll over the
ceatral Trdia (Samamnte st al  20E1HE). Tt s fhand
that five break genods conkidersd misteh will
with-esrherstudies: The mos: intngomg result
of thiy study 13 to obrerve the antecedents of
[3M break pertod i 1020 days filtered LHF
over the mosthers BB B 1 fopad that low
L HE persssts over the BoB before 1-10 d=s
of ISM Meak Tt 12 associsted with the
Equajzm'mﬂ shift of the low-level jat Shiftinz

of lsw-level jof pumpd meisinee towerds the
Eqﬁmr and =nhances the clovd formation over
ths eguzioral tegion In addition the
equatirmwerd Yhift of TTCZ abzerrad conzistend
with the presemee of negative: OLE amomals
ower the EIQ. Wesk regicns! Hadley cel
durmg the IS0 break persod marks the shifhng
of ICZ
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