
ESA UNCLASSIFIED - For Official Use 

Bay of Bengal freshwater transport, and its modulation by the 
Indian Ocean Dipole (IOD) and eddies 

Akurathi V S Chaitanya, Francesco d’Ovidio, Matthieu Lengaigne, Jerome Vialard, 
Fabrice Papa and Jean Riotte 

08/11/2018 

Related to Jerome Vialard 16.00hr on 6th Nov; Keerthi MG 16.00hr on 7th Nov  



Question: How does the BoB circulation redistributes those localized freshwater inputs into the 
Northeastern BoB during the monsoon? 

JJAS average rainfall (TRMM) Climatology of freshwater 
input to the BoB 

Introduction 

•  Precipitation concentrated over North-Eastern BoB, Runoff into Northern (Ganges-Brahmaputra) 
and Eastern (Irrawady) BoB 

•  Total BoB freshwater input: precipitation > 2 x runoff 



Bay of Bengal circulation 

1) Seasonal cycle 

•  Southeast Ekman drift and 
northward EICC 

•  Anti-clock wise circulation 
•  Northwest Ekman drift and southward EICC 

summer monsoon winter monsoon 

EICC 
(East Indian 
Coastal 
Current)  

Introduction 



Bay of Bengal circulation 

Introduction 

•  Numerous eddies in the BoB (e.g. Chelton et al. 2011) 

•  Eddy stirring potentially plays a big role in re-distributing freshwater in the Bay of Bengal (e.g. 
Benshila et al. 2014; Fournier et al. 2017) 

Eddy amplitude from 
(Chelton et al. 2011) 

2) Eddies 



Bay of Bengal circulation 

Introduction 

3) Interannaual Variability: IOD  

•  Main intrinsic climate mode in the Indian Ocean (e.g. Saji et al. 1999; Webster et al. 1999) 

•  Positive IOD => cyclonic circulation in boreal fall,  with strong effect on freshwater transport  
(e.g.  Akhil et al. 2016) 



Methodology 
Decomposition method 

Nov 2006 

= + + 

Seasonal  
Cycle (Nov) IOD+ Eddies 

Lagrangian advection (d’Ovidio et al. 2009): advect particles using altimeter currents + 
Ekman drift 

Ø  Estimate relative contributions from seasonal cycle / IOD / eddies on  freshwater 
export from the Northeastern Bay of Bengal 



•  Reasonable agreement between observed drifter data and Lagrangian advection 
results (d’Ovidio et al. 2009) 

Validation 



Study area 

•  Released particles at GB, IRR 
and indian ocean north of 
10S for Rain on 15th Aug of 
each year from 2000- 2016 

•  Advected: forward in time till 
the end of year 

Study area 



Results 

Advection of particles near Ganges Brahmaputra river mouth 

•  Clear effect of mean circulation on GB water (EICC carries freshwater southward along east 
coast of India) 

Full Currents 



Results 

Advection of particles near Irrawaddy river mouth 

Full Currents 

•  Effect of mean circulation is weaker on IRR, but a clear horizontal spreading of the freshwater 



Results 

Effect of eddies (from comparing seasonal cycle only with seasonal cycle + eddies) 

Eddies strongly contribute to freshwater export from the coastal region to the basin interior 

Fournier et al. 2017 With Eddies No eddies 



Results 

Weak eddy contribute to Irrawaddy waters off shore export 

With Eddies No eddies Eddy amplitude from 
(Chelton et al. 
2011) 

Effect of eddies (from comparing seasonal cycle only with seasonal cycle + eddies) 



Results 

IOD effect (pIOD minus nIOD) 

GB: IOD+ implies more freshwater in head of bay because less southward export by EICC 
IRR: similar; less freshwater transported counter clockwise along the coast  

GB 

Less 
freshwater 

More 
freshwater 

(Confirmed:       Akhil et al. 2016) 



Results 

Effect of circulation on Rain 
Cumulated 

rain (TRMM) 
freshwater 

thickness (m) 

advected 
Cumulated rain 

freshwater 
thickness (m) 

 

•  Alternating monsoons => Ekman transport reverses => BoB rain freshwater remains in the 
northeast 

•  Northward flow bring rains from further south into the BoB 



•  Rain dominates except near estuaries and along the east coast in Dec. 
•  GB concentrated along east coast of India  
•  IRR concentrated around its estuary 

Contributions from each source 
Total freshwater 

thickness (m) 
% from each source 

GB IRR Rain 

Results 



Local freshwater input 

Advection 

•  Rain advected from further south contribute a lot to BoB salt balance 
•  No export of Irrawady and little export from Ganges freshwater to the south : the EICC is a 

punctured pipe! 

Results 

Box average Cumulated freshwater thickness (m) 



Local freshwater input 

Advection 

Results 

•  Ganges dominate the freshwater balance in the head of the Bay 
•  Large southward export of Ganges Brahmaputra water toward the south 
•  advection brings rain input from south 

Box average Cumulated freshwater thickness (m) 



Conclusions:  

•  Ganges 
•  ≈40-60% of the freshwater along the east coast of India 
•  Transported southward by EICC after monsoon 
•  Eddies export freshwater offshore 
•  IOD+ tends to diminish the southward export 

•  Irrawady freshwater 
•  ≈30% of the freshwater locally near the Irrawady mouth 
•  Weak mean circulation & eddies => less export from river mouth area 

•  Rain:  
•  Dominates in the Bay interior 
•  Ekman drift reversal => most local rain remains in the Northern BoB 
•  Large input from rain south of the Bay of Bengal 



Perspectives:  

•  Lagrangian approach: better quantify the relative role of eddies, IOD, seasonal circulation 

•  Use a passive tracer model in an OGCM to track each freshwater source  (includes the 
effect of vertical mixing). 

•  A geochemical approach => estimate contributions of rain & various rivers in water 
samples from the Bay of Bengal & compare with the Lagrangian approach & OGCM above 




