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Introduction

StudyDomain:Bayof Bengal
Backgroundcolor = Topography(meters)

Bay of Bengal (BOB: unique Indian Ocean _
basin,comparedmanyoceanbasinsas S

U Semienclosedlandlockedn 3 sides).

U Seasaally reversing monsom  wind g
forcing.

U Fertile ground for monsoon depressions
EGad Il 2000] and tropical cyclones.,,
pre/postmonsoon).

U Lage amount of freshwater discharge

from continental river systems (e.g.- G
rrawaddy,GMetc.).

U Remotewind forcing from the equatorial
ndianOcean.

U Barier layer formation in the northern
bayduringthe summermonsoon. 78°E
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BOB circulations

AUpperoceancurrents in the BOBare =

critical factorsthat determineits fresh-
water/saltand heattransport o

AWestern boundary current (EICCRls
seasonallyreversing In summer, EICC 2

splits into two parts, equatorward

north part and poleward south part at

165 bin spring, EICOs poleward, and “er  wr  oer — oor tor twpaos - wr - oorovs rove iz

in fall. it is equatorward (Shetyeet al. o
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1996 Shankaet al. 1996). 0l e w2 du 2w 2w

ASummer Monsoon Current (SMC) I W

iInstrumental for intrusion of high
saline Arabian seawater into the bay
during the ISM (Vinayachandraret al.,
1999 Webberet al., 2018).
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Continue...

ABOBIs subjectedto monsoonalmixing by northward propagationof

ISOs (Senguptaand Ravichandran2001; Mahadevanet al 2016
Murthy et al, 1992).

ASpatialand temporalvariability of upper oceancirculationsin the BOB
from subseasonal to seasonal to long timescale using
observation/modeland impact on biogeochemistryof the basin,were
studied well. (Webberet al, 2018 Gopalakrishnaet al, 2020, Babu
1990, Mukherjee et al, 2018 Phillipset al 2021, Somayajuluet al,

2003 Potemraet al, 1991; Eigenheerand Quadfasel, 2000 Shankar
et al, 2002 Vinayachandrart al., 2005



Bay circulations at higher resolutions

AMesoscalecirculationsin the bay. Eddydominated with typical radius of
100s km, life span of few weeksto months and amplitude +/- 10s cm
(Gog)alanet al., 2000 H. et al., 2019 He et al., 2020 RomanStorket al.,,
2019.

AStatistical analysis, vertical structure, dynamics, seasonal to annual
variablilities of eddies are extensivelystudied in the previousresearches
(Chenet al., 2012 Dandapatand Chakraborty2016 Cuiet al., 2016 Cheng
et al., 2018 Gulakaranet al., 2020).

AMesoscaleeddies have a significantrole in biological productivity in the
bay through the upwelling of subsurface nutrient-rich water to the
eupgotic zone (Jyothibabuet al., 2014 Kumaret al., 2004 Jyotibabuet al,
202

ADynamicsof eddy generationin central BOB(Chenet al, 2018, role of
AndamanNicobar island in generation of eddies in western BOB
(Mukherjeeet al, 2019



Modified types of eddies

AThereis two more modified type of eddies,called
the modewater anti-cyclonic (cyclonic thinny)
eddies due to rising (deepening) of seasona
thermocline(McGillicuddyet al. 2007, 2015.

AMode-water anti-cyclonic eddy has a similarity
with Intra-thermocline eddies (ITE) ITEs are
regularfeaturesin subtropicalor subpolarwaters
(Barcef-LIull et al.,, 2017 Hormazzbalet al.,
2013 Gordonet al., 2002 Nauwet al., 2006).

AShiet al, 2018 studied a mode-water eddy in the
Kuroshioextent in northern Pacificocean They
alsofound that this type of eddiescantransport
mdo(;_e mass than usual cyclonic/anticyclonic
eddies

L
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cyclone into a cyclonic thinny. Each cross section depicts an isopycnal in the seasonal p; and main thermocline p,.

areveryrare.
We want to do study in this direction.

Courtesy:McGillicuddyet al., 2015



Subsurface eddy in the Bay of Bengal

AVery little is known about the subsurfacecirculation, and few available studies
report activesubsurfaceeddyfields.

AMadhusoodananand James,2003 analyzedthe thermohaline features of the
subsurfacecycloniceddyin the south-centralbayduring August1999

ABabuet al., 1991 showeda subsurfacecold-core cycloniceddy in July1984 using
CTDdatacenteredat 17¢40W land 851 9W.9

AGordonet al., 2017 hasobservedan ITEin the westernBOBon 3 December2013
The?/hyp,othessecthat this ITEresultedfrom the Interaction betweena grecedln
(Niyc onebs rlé)o)iaKahd\ia]&westwardmOV|ng ACeddy (from the easternBOB)on 2

ovembe

ASofar, it is unclearwhether ITEin the ba¥is a seasonabr annualphenomenonor a
rare exceptionaleventin responseto externalforcingfor surfacewater subduction
like tropical cyclones

Almportance Knowledgeof the subsurfacecirculationis crucialto understandthe
salt and heat budget and the mechanismsthat control the evolution of the
warmingand coolingcycleof the seasurface
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Seasonal thermocline bulge in the Bay of Bengal



Data and methods

RAMA Array Map

Research Moored Array for African—Asian—Australian

[ridium
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y."  communication
& control
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90¢ 91%¢ b surface to subsurface(T, S) data, ™ W e - | System
satellite derived surfaceAVISCSLAand Ug data, 2o " i)
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atmospheriovind data. '
H 0° 1 A, &R I:Q:\Pr:l
A Dailydata . ’
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=9 0 "1 5, budy N
Acronymused s by
T =Temperature;S= Salinity;SLA= SeaLevelAnomaly mctn W o
Ug =(ug,vg)= Geostrophicmceansurfacecurrent ﬁ O\ .ih/‘:‘.’.“.'f:
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HYCOM re-analysis data

ASource APDR@ataserver.

AResdution: 1/1H x1/12¢ (horizontal); 41 vertical layer (with high
resolutionwithin the top 100m) till 5000 m.

ATemporalrange:Jan1994to Dec2015;daily data.
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Primary Results

TimeDepth sectionef
RAMAbuoysubsurface
temperature



Time-Depth section of RAMA subsurface temperature at 90E, 15N TESTloing s ans ek Byt R N 5507 o Ok 2078
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Year | Winter Summer | Max. Magnitude in Stretching Cycle of

Months | Months . -

(DJF) (JJA) D26C D12C TC- D26C Doming D12C Denting

Doming | Denting | bulge Start End Dura- | Start End Dura-
AD1 (m) | AD2 (m) | AD (m) Date Date tion Date Date tion
(days) (days)
2013 | Jan 26 78 104 03 Jan 27 Jan 24 15 Dec’12 | 13Feb | 58
Jul 74 75 149 23 Jun 17 Jul 26 05 Jun 17 Aug | 72
2008 | Jan 28 105 133 24 27 Jan | 35 24 Dec’12 | 11Feb | 50
Dec'12
2009 | Jan-Feb 32 68 100 28Jan | 08 Feb | 10 08 Jan 03Feb | 25
2010 Jun 08 30 38 07 Jun 05 Jul 29 07 Jun 22 Jul 44
2012 Jun 28 33 b1 07 Jun 13 Jul 35 13 Jun 14 Jul 32
2014 Jun-Jul- | 13 90 103 07 Jul 16 Aug | 40 13 Jun 16 Aug | 64
Aug

2015 Jul-Aug | 22 87 109 28 Jun | 22 Aug | 55 23 Jun 27 Aug | 66
2016 Jul 19 90 109 07 Jul 02 Aug | 27 03 Jul 07 Aug | 36
2017 Sept 16 36 52 05 Sept | 05 Oct | 30 01 Sept 05 0Oct | 34
2018 | Dec'12- 03 37 40 10 Dec | 12 Jan 34 30 Dec 18 lan 20

Jan'13
2019 | Jan 06 47 53 29 Dec | 2 Feb 36 29 Dec 23 Feb | 57

Table:Statisticsof
ThermoclineBulgeevents
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Seasonal
Thermodhne
Bulge

200/~2008 and

20122013
winter cases
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Dynamics of the
thermocline bulge at the
buoy location



GENESIS AND PROPAGATION OF ACE
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Fig 3: From surface current vector and SLA analysis, ACE is generated off-Myanmar and propagate south-
west direction due to Rossby wave forcing and crosses the buoy location during Dec to next Jan. 21



HOW IS TC-BUL GE RELATED TO ACE?

Answer:

‘Eddy-wind" interaction (Stern, 1987: Seo et al., 2019; Gaube et al, 2014; McGillicudy et al.,

2014, 2015):

1. Eddy current effect on local relative wind-stress (linear)

2. Eddy current vorticity gradient effect on local wind-stress (non-linear)

3. Eddy-induced SST gradient effect on local wind-stress (less contribution in most of

the basins like Bay of Bengal (Seo et al., 2019))
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Eddy-wind interaction along the off-Myanmar coast

APositivevalueof EkmanPumpingvelocitymeans Upwelling
ATillMid May: upwellingin-between92s94g 9

AAlong92694¢ @nd 14s17¢ bARti-cycloniceddy (ACEformed
duringlate Mayto earlyJune2013

AHence,upwelled thermocline got trapped by the ACEin the
samespaceand time and further formed the bulge structure
In Its westsouthwardjourney.

AWestsouthward movement of the systemwas enforced by

the Rossbywave radiated from the coastalKelvinwavesalong
146166 b

McGillicuddyet al., 2015 studiesthe “ e d-wl Iy n idtéraction
to form lens like mode-water eddy (of biconvexlens shape)
from regular ACEN Sargass&ea Atlantic Ocean
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WI ND FIE LD OFF-MYANMAR IN WIN

a. ASCAT wind-stress (Tx, Ty) —> 0.190 N/m?2 unit:N /mz
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Fig 5: Upwelling favorable winter monsoon wind-stress field (climatology) off-Myanmar.
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CONNECTION TO EQUATOR AL DYNAMICS

(a) OSCARU,v —» 1 m/s (a) Black contour: 1000 m.isoboth ¥ symbol: RAMA buoy fosation
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Results from HYCOM re-analysis

de P N




HYCOMe-analysismodeldata
Location: 90°E, 15°N
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Propagation of D26C and D12C from East to west
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How is it link to subsurface type ACE ?

( a) EPoteetiblVosticity  Unit: 10A-9) x mA(-1)s™(-1)  (b)summer:color—salinity,contour—temp

3 0
N o 20 !
00 o w260
40
2 E 60
£ 80
250 3
100
0 120
20 25 30 5 10 15 20 25 30 S5 10 15 51015202530 5 1015202530 5 10 15 20 25 30
MAY JUN JUL JUN JUL AUG

Left: LowPVcore (HYCOMimulation)and Right:Lowsalinity core (RAMAdata), in the upper
part of the bulgedTC. 31
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29-Jun1d  HYCOM/-velocityalongl 5 ° N U-velocityalong9 0 ° E Unit: m/s

0.60

860°  873°t  890°E  905°E  920°E 200 138N 150N 163N 18.0°N

Subsurface velocitgtructure (Longitudedepth sectionin the right and Latitude-depth sectionin the left) in the

peaksummerTCbuglefrom HYCOMsimulation. It showssimilarity with a subsurfaceype ITE(Shiet al., 2018) 2
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TC bulge event in winter (Nov12 to
Feb13) has the similar mechanism
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(a) D26C (15°N—16°N mean) (b) D12C
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Timelineof events

Wyrtki jet excitesequatorialdw-KW.More robustin May13 (Duanet al, 2016)

!

At Sumatra coast, equatorial KW bifurcatesinto 2-parts. Northward branch:
coastally trapped dw-KW (as acurrent) along the eastern boundary of BOB

J, Now,
+veEkmanpumping Northward currentmeandersdue to Irrawaddy northward
by uw-favorablelocal topography AnACE ( “1 ACE” ) get s Coastadw-
coastalwind field meanflow (92E98E,14N-17N) \ KWgets
weakened
l o _ and
Doming in N (TETaCLSy ¢ TEu g becomes
subsurfacerC the dome-shapedTC in winter & uw-KWin
levelwater in 92E In 92E94E 15N-16N summer e

94E,14N-17N 2013

Theentire systemstartsits
westwardjourney at 92E
along15N-16Nenforcedby

TCbulgefeature with
IACEcrossedthe RAMA
buoy (at90E,15N) when

Systenfinally terminated
at 86E87Eas|ACE gets

weakened(in Feb13&

Aug13) the dw-RWat speed of 78

km/day

buoywasat the western
rim of the IACE

Flowchartof eventsthat leadsto TCbulge PeakBulge:13 Jan& 2/7 Jull3 34



	Slide 1: Role of coastal trapped waves of remote origin and local eddy-  wind interaction in the formation of seasonal thermocline bulge in  the Bay of Bengal
	Slide 2: Outline of the presentation
	Slide 3: Introduction
	Slide 4: Literature  Survey
	Slide 5: BOB circulations
	Slide 6: Continue…
	Slide 7: Bay circulations at higher resolutions
	Slide 8: Modified types of eddies
	Slide 9: Subsurface eddy in the Bay of Bengal
	Slide 10: Seasonal thermocline bulge in the Bay of Bengal
	Slide 11: Data and methods
	Slide 12: HYCOM re-analysis data
	Slide 13: Primary Results
	Slide 14
	Slide 15: Table: Statistics of  Thermocline Bulge events
	Slide 16
	Slide 17
	Slide 18: Dynamics of the  thermocline bulge at the  buoy location
	Slide 19: GENESIS AND PROPAGATION OF ACE
	Slide 20: HOW IS TC-BULGE RELATED TO ACE?
	Slide 21: Eddy-wind interaction along the off-Myanmar coast
	Slide 22: WIND FIELD OFF-MYANMAR IN WINTER
	Slide 23: EDDY-WIND INTERACTION IN WINTER
	Slide 24: CONNECTION TO EQUATORIAL DYNAMICS
	Slide 25: Results from HYCOM re-analysis  data
	Slide 26: HYCOM re-analysis model data
	Slide 27
	Slide 28: Propagation of D26C and D12C from East to west
	Slide 29: How is it link to subsurface type ACE ? (a)Ertel’s Potential Vorticity Unit: 10^(-9) x m^(-1) s^(-1)
	Slide 30: U-velocity along 90˚E
	Slide 31: TC bulge event in winter (Nov12 to  Feb13) has the similar mechanism
	Slide 32: (c).i Wrytki jet Nov climatology (m/s)
	Slide 33: (ms)^-1
	Slide 34

