STUDY OF OCEANIC MESOSCALE EDDIES IN THE
BAY OF BENGAL USING A NUMERICAL MODEL

NAVIN CHANDRA

CENTRE FOR ATMOSPHERIC SCIENCES
INDIAN INSTITUTE OF TECHNOLOGY DELHI
MAY 2025



© Indian Institute of Technology Delhi (11TD), New Delhi, 2025



Study of Oceanic Mesoscale Eddies in the Bay of
Bengal using a Numerical Model

by

NAVIN CHANDRA

Centre for Atmospheric Sciences

Submitted

in fulfilment of the requirements of the degree of

Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI

May 2025



QUOTATIONS

What we know is a drop,
what we don’t know ts an ocean.

- Sir Isaac Newton -
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ABSTRACT

Mesoscale oceanic eddies are a fundamental component of the oceanic circulation
system. They play a key role in the process of mixing oceanic tracers, including
temperature, salinity, and nutrients. Mesoscale eddies are ubiquitous in the oceans
and they have an essential role in facilitating the horizontal and vertical mixing. At
any given time, approximately 20% of the global ocean surface is occupied by the
eddies. Eddies with positive relative vorticity are referred to as cyclonic eddies
(CE), whereas those with negative relative vorticity are known as anticyclonic
eddies (AE). In the northern hemisphere, the AE rotates clockwise, while the CE
rotates anticlockwise. Mesoscale eddies refer to eddies with a space-scale ranging
from 10 to 100 km, whereas submesoscale eddies refer to eddies with a space-
scale ranging from 1 km to 10 km. Features with a spatial scale of less than
1 km are referred to as microscale. Mesoscale eddies can have kinetic energy
that is ten times higher than the parent current from which they originate. The
formation, lifespan, and kinetic energy of these swirling currents are primarily
influenced by the intensity of surface currents, the stratification of the ocean, and

the bathymetry of the area.

The dynamics of the Bay of Bengal (BoB) is highly complicated. It goes
through a semi-annual reversal of monsoon winds leading to significant change in
surface circulation. During the winter season, a large clockwise circular formation
known as an anticyclonic gyre develops throughout the whole BoB. During the
summer, this pattern transforms into an anticlockwise circular pattern known as
a cyclonic gyre. During the transition period from summer to winter or vice versa,
two counter-rotating gyres forms. The BoB receives a huge amount of freshwater
discharge from rivers in the northern part during the monsoon and postmonsoon
periods. The dynamics of the BoB is mainly controlled by stratification and the
formation of barrier layer (BL) during the monsoon and postmonsoon periods. The

surplus freshwater it receives from the rivers is exchanged with the Indian Ocean
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(I0) from the south of the BoB with the help of the Indian Monsoon Current
(IMC) and the East India Coastal Current (EICC). The BoB dynamics is not
only influenced by local forcings but also by forcings generated in the equatorial 10
region, e.g., Kelvin Waves (KW) and Rossby Waves (RW). During an Indian Ocean
Dipole (IOD) event, an equatorial IO phenomenon, the oscillation of sea surface
temperature (SST) influences both the local forcings, e.g., wind and precipitation,
and the remote forcings, e.g., KW, RW, and coastally trapped KW. Under the
varying IOD conditions, the nature of the forcings also undergoes changes, which

in turn impact the circulation and mesoscale activities in the BoB.

The study involves the climatological analysis of the mesoscale oceanic ed-
dies of the BoB using a regional numerical ocean model (ROMS). Using a high-
resolution (% X %) Regional Ocean Modelling System (ROMS) output, the
mesoscale eddies in the BoB were detected, and their variability was examined.
The model results show good agreement with the available observations for dif-
ferent variables on the surface as well as for the subsurface. An investigation is
conducted on the seasonal distribution of eddies, examining their geographical
characteristics and propagation path. The formation of eddies in the western BoB
is dictated by the variability in EICC. In the northern BoB (NBoB) the freshwater
discharge from the rivers and bathymetry are important factors in the formation
of eddies and their characteristics. Throughout the year, the radius of AEs is
consistently larger than that of CEs, with its peak occurring in the pre-monsoon
season. AEs exhibit a more pronounced association between their size and energy
when compared to CEs. The contribution of mesoscale eddies to the total kinetic
energy of the BoB’s varies from 7.2% in March to 19.1% in November. The nu-
merical experiments with positive and negative IOD phases of atmospheric forcing
reveal the influence of anomalous circulation during IOD years on mesoscale eddies
and their kinetic energy in the BoB relative to a normal year. A notable dispar-
ity in the eddies’ characteristics was observed in both negative IOD (nIOD) and
positive IOD (pIOD) years when compared to normal years. In pIOD or nlOD,
the number of eddies was increased, but their average lifespan was reduced in the

BoB. The increase in eddies was higher (38%) in nIOD than pIOD (11.2%) when

compared to normal (non-IOD) years. The contribution of eddies to the total

iv



eddy kinetic energy (EKE) of the BoB increased from about 10% in normal years
to about 25% in either of the IOD phases. The most significant impact of the
IOD is observed at the thermocline depth. During the IOD years, the Andaman
Sea (AdS) region experienced the most significant variations at thermocline depth

over eddies’ zones.

Oceans acts as the repository for the atmosphere, and the atmospheric mo-
tions drives the ocean.To study the effects of oceanic mesoscale eddies on the
atmosphere, a fully coupled atmosphere-ocean model (COAWST) was used. The
atmospheric columns lying over the AEs and CEs was analyzed for their thermo-
dynamical properties. Model results reveal that the lower atmosphere is highly
influenced by the relative vorticity of the oceanic mesoscale eddies. Different vari-
ables, such as relative humidity, moist static energy (MSE), water vapor mixing
ratio, and equivalent potential temperature in the lower atmosphere, show a sig-
nificant difference for the air column over AEs and CEs. There is a significant
correlation between the relative vorticity of oceanic mesoscale eddies and the at-

mospheric column over them.

The presence of AEs or CEs modulates ocean heat content over their effective
depth in the ocean. This thermal energy significantly contributes to the tropical
cyclone heat potential (TCHP) of the ocean, which is crucial for the intensity and
longevity of a cyclone whenever it traverses over the AEs or CEs. Presence of
AEs in the path of a cyclone can rapidly intensify it and can change its category
from severe to very severe in a short time, the vice-versa occurs in case of CEs.
To study the role of mesoscale eddies in influencing the intensity and longevity of
tropical cyclone, numerical experiments with the coupled model COAWST were
performed for the case of FANI cyclone which formed in the BoB on 26 April
2019 and remained active till 5 May 2019. It was a unique tropical cyclone that
remained continuously intensified for a long duration in the shallow depth and
made landfall in the extremely severe cyclonic storm (ESCS) category. The mean
duration for cyclones in the BoB is normally 22 hours but FANI remained in the
ESCS category for about 60 hours. The presence of very high tropical cyclone heat

potential due to the presence of warm core eddies facilitated high latent heat flux



consistently at the air-sea interface resulting in availability of high MSE leading

to prolonged intensified stage of FANI cyclone.
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LT

HRehel THAT HeR FHET URETROT YUl T Geh HeT¥d ©eeh g d dTgHT, STaurdT 3R
Uiyeh deal Afed TG ¢8R o Asror &t ufehar & Agayuf ffer Aurd €1 A9ieha ¥R
AENTRI & Gaeardt g $ik &fast ik Heafer fMeror st glaursies s | Ih! 3aach
YAt ¢ | fohelt +ft a7, AfYen HETAWR hl Tdg et 19T 20% W HeRi oh cheot H BIdT
€| GhRIHb TUET HaR dTefl Haxl ot TehdTd! HdR gl SITdl g, STalch AchRIcHh dTUel
R gTelt T ol ufcraehardt ¥R sl SiTdT & | I Tiraref &, ufcrahardt e gferomed
e & grd €, Stafcs Tehardt Yar amTad fesn & gad 81 A9iehd Ui ¥ a1 10
T 100 frHt o o TWY-The dTet TSIST G &, STafch JaHThd Tsivl 9 aread 1 fordT
T 10 ot 9 & TW9-Thet aTet ST 9 81 1 Tl @ e winfaes G\ areft faRtwdrer
Rl ATSchIchel gl SITdT g | ATchel Hax] <hl TTTdST Jelt 39 Hel URT ¥ & T[T ATk gt
ehdll & [SIEY & I gldl 81 39 GHTEGR RIS AT (AT, Sftaehrel 3R Tfdst Seli
T ®U & gae! URIST Fi dtear, AgRmR & Wieor 3R & i graraHTdt @ gefaa
gidit 81

STt <ht @S] hl TTdRfierar srcafdes Sifeet 81 ag AT garsil & sref-anflen Ia-
TR G o1 § IS8 Jag! UiRE=Rr d Hgcaqul URed gidr ¢ | Giédt ch HIEH o SRM,
QR ST ht TSt A Yeh ISt &f@roTad fMierreh e faenfad gidt 8 & déramgaiten
S & =Y H ST STal | AT & SR, I8 U ammad gaihR e | &l Siidl 8
S Tehardt MR & A1 G ST STrar g1 T § it a1 g8 [Audid HehHur shiet &
ERM, & foda-goff meR g9 1 A SR AT & a1e Y rafdy & R &re Y
GTI ot IA U o ATl & YR A1 | HIS U 1 fdg UTed giar g1 siiTet <hl @ret
ot mfaRfierdT YT U & TR0 SR AFYA AT AFYHRR Saf & SR ey WR-
df & fAmfor grr fReifaa gidt g1 afeat @ ura sifaRe #iS ot &t Rl A art
3R gl YR JEI URT hl TETIdT T ST hl WIS h G0 ¥ TR I STef S A1
JTEH-Ue fhar STar &1 §re hY @ret &t nfasfierdr 7 daa @i gamat @ ganfad
gidt 8, I yHeRE fie TermR & § I garat & oft panfad gidht 8, 99 e
I SR A a3 | fgg A mR fgydia gedr & R, yrerdiy fde AgramR & ger,
TG ! Gdg oh ATIH Pl IAR-TGIE AT Fefl, S gaT 3R aui, 3R 33T ael, 9
R a4, U aT 3R AT T G thdl chicas a1l THITAd T &1 TgeAd
fég meraR fgydta fafaat & aga, sl 6t uepfa 7 ff uRad= gtar 8, St seat | srer
&6 @t 7 gRe=Ron iR AGha nfafafdat st uenfaa oar g1

aoo



39 ey 7 &l d=aTHS AgNITR Alsd (ROMS)  ohl SUINT hech ST chl
T3l & AGIhel HENITRI HeRl I Soaryg At fasawor snfaer 81 s=-Retege
(1 x i) @B AGETR Aisfel omel (ROMS)  TSCYE &1 SUTNT &heh, STTeT
I @TST & AGRhel HaR T UdT HIAT T41, 3R Ich! uRad=siierdT &t ST &l 15| Aisad
& U Tdg & I1Y-g1Yy Iugdg R fafda o= & fou Iuetey sraeiienl o 91y e
S ot &Td 1 ST 3R TTicefiel T gfSehlvT et IUTNT HeRl chl Ugar e
3R 38 ¢ch e o foIQ fohaT STTaT 8, STt Thee Sie ot §e A IgrIdT ahid & | AR oh HiH]
fIaRuT IR Uas T <t SNt 8, SH 3T Hiiferas fasivdrstt ofik U=R gy i ST 6
STt & | ST <hl TS oh UTHT 9T & HeRi aht A0 gdt YTRd aéi &1 hi aRacdiRfterdr
4 fyfia giar g | sivrer ht @rst & It 9T F Afeat 9 e arar arerm urt sik sf9adt
Rl o fAHfor 3R Ieht fastvarstt & Agaquf wRes &1 @R adf & ERM, ufdashardt et
I 4T TFehard! Haxl Sl Jo=T | SRR 81 gidt 8, 3R 3HRT IA AFYA-Yd HiaH
# gIdT 81 IshaTd! ¥eRl hl Jer=i1 | UfdashdTd! HeaR U=t 3TehR 3R FHail & o 3rfden
WE HaY Uefid od g1 000 &6t et Tfdst St H AGEhel Herl ol TN AT H 7.2%
Y e TdR H 19.1% doh (99-f49 81 argHecld 9 & HhRTcAS 3R ARG fg
HETITR fgga TRon & 91 ST T 9 fga AR f5ya avt & gk s/
GRETROT & UHTE T UdT Teidl 8, St A gy &hl Je1 | sTel hl @rst # Adiehel
JR 3R Ich! TSt Hell TR USdl g | GHTI st hl Joi-1T H FhRIcA foe AR fgga
3R TRRIHS e AgNITR fEya aFl auf & «iaxt &t fatwdre & SeeiaHa S
&t 8 | GhRTcH fge AgTTR fga a1 FehRTcAeh fae AeramR fgya |, Wavi & g d
gfes g8, «ifch D00 H ITehT 1 SiteTehTel S g1 7TI GTHTY ST ehl JeT=i H FehRTcHh
fég AemR fgga # a’i 7 gfg (38%) ThRTH fg AgmR f54a (11.2%) &t ga
7 31fdh oftl BoB &1 Gt aR TidsT Sl & HaRi T INTGH AT ast & T 10%
Y geo e AR fZ3a & fond) oft =ror & amem 25% &) man| e AR fg3a o
G HgYUl UHT YHTehelig RIS R & SiraT g1 fée AR faya asf & dRM,
JEHM TR &F = HaR &A1 hl Jo-T H JHIchells TeXIs IR a9 Agayul Sadrd o

I T AR 3R argHee arg-99g $thd H fafH= 0T e STeaM-UeH ahd
€| HENITR IigHEd h HeR & ¥4 # SR &hxd &, 3R arg ety Mfd 7R ot Harferd
! g1 IGHSA IR HERITRIT AIchel ¥Rl & UHTET Sl ST e o g, T ot
IRE & AT argHed-AgR Algd  (COAWST) &l IUanT fohar wam om| ufdrarshard
fasctwor fohar a1 Aige & uRRome Fard € o e argHee AgRITRIT AGiehe e’

aoon



I IOy WeRdT ¥ 3rafdes guTfad giar &1 fafa =R, S8 arder snddr, 1 Wfde S,
STeT arsq fAroT SrguTd 3R et argree # gaqed SH9Tfad aroH™, Sasaait-ah Hax)
3R TehdTe! Haxl o HUR a1g TN & folg Yeh Agayqut Sk i@ g1

HETENR 3R IIgHS TUH H Ak J3 gU & 3R 38 Wasl U J i o arelt
gohTS ol AT ST TohdT & | AR JRIHEH h HER o U H S dhed &, 3R agHSA T
gdel HETINR cht Ield g | IRIHSS UR TG AGRehel HaRl o UHTal Sl 31 e
forg, uen gofa: gfia esfta Afsar (COAWST) a1 IuaiT foram mam o ufdeashardt ©iaR
3R TehaTAT R & HUR T IR T T Ik YATSIITHG T[0T & forq farserwor foma
T AT| I UdT Il ¢ foh e arararor It Agieaher ©ieRl &l 9rder ear § srafden
gTfad giar g1 fafed =R, 99 o qrder srddT, 99 Widen Seti, STet arsy fAsor srguTd,
3R Mot argree & arded GuTfad aroHH, Adashdrd! 3R Iehardia wer «R Rd arg
i o foTg U gl iR feard € | Il Auichal “iaxl i arder sarefierdr sk 3k
SR R GRS ary & & o9 Gah Agayuf day 2|

yfarerard! a3l a1 TchaTcl W<l i IUfRATT AR & Ih! 9T TE8 WR
HETR Y ST G} et A aedl 81 I8 ST Sl AgMNR 6l IWTehfeseia
Tehd T HOAT &HAT H HgAYUl ¥U & INTEM &l 8, ST Fshard i dierar ok ey &
forq wgayuf &, S oft 7 ufcrashard o=t a1 ashardt Fea=i @ g ToRaT g1 IshdTd &
At & ufdashardt Faxi H IufRAfF 33 asht @ fig wR godt & auwn g & avg F IThHt
Zoft 71HR & Tgd THR H IacT Fehdl 8, TehdTd! HeRl & AT H g8 fausia giar 8|
Swrehfedefia dohard di diear Sk Srafy il mfad et & AYhe el Y it ar
Y YA o folg, FANTThaTd & AT & gAd Alsd COAWST & 91 ST
TIRT fehT 1T, STt 26 378wt 2019 @l ST Y Wrst J &1 3R 5 |5 2019 dah gicha @71
g Uch 33T IWThfes el Tehard AT STt It TEXTs H il THY dch IR ot ST 38T
3R srcdd TR Tehardt g i foft & s dmer B @rSt # Teharal H s safdy
GHTId: 22 ©¢ gidl g, afchT FANI 9T 60 ©¢ dch 3Tcdd TR Tehdrd! JUh i
it # 3871 T SR HeRl hl IR & HRUT Tgd I IUTehiCS LT ehard AT &THT
hI IufRAfT A arg-ag SXha R AMAR I W HBAT Y418 bl Jrd §=m41, Siaeh
IRUTHERET 3o 3T ek SHoil hl Iuesdr g8, Sk SRUT FANI =shard &l die
ST el HY dh I+1 gt
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