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BoB circulation in the Cutler and 
Swallow (1984) ship drift data 

Surface salinity  and dynamic topography observations 

Shetye et al. 1991. 

Earlier observations of western boundary currents in the Bay of Bengal 

Nov Apr 

Jul Aug 



From Shetye et al (1991) 

Longitude-Depth sections of temperature 
and Salinity near Chennai 

 

Shetye et al. (1991) noted that below a depth of ~ 70m (at 
which signatures of upwelling were observed), often there 
were signals of downwelling, which  indicate the presence 
of undercurrents. 



Shankar et al. 1996 



McCreary et al. 1993 
McCreary et al. 1996 
Shankar et al. 1996 
Potemra et al. 1996 
Yu et al. 1996 

 Major objectives of these 
studies using numerical 
models (LCS) were to 
identify the forcing 
mechanisms of surface 
western boundary currents 
in the BoB. 

 
 Coastal Kelvin waves 
 Equatorial Forcing 
 Interior Bay forcing 

Shankar et al. 1996 



First ever application 
of OGCM in Indian 
Ocean was by 
Vinayachandran et 
al. 1996 

 
Objective of this 

study was to 
identify the relative 
importance of 
different forcing 
mechanisms 
identified using 
pervious studies. 

  
 Coastal Kelvin 

waves 
 Equatorial Forcing 
 Interior Bay 

forcing 



BoB Circulation 
(OSCAR) 



Earlier modeling studies on coastal currents off the east coast of India during 1990’s were 
primarily to identify the relative roles of different forcings of EICC and understand their 
relative importances. 
 
Focus of oceanographic research shifted to equatorial Indian Ocean after the discovery of 
Indian Ocean Dipole in 1997.  
 
Studies on the coastal circulation, including the EICC revived after 2010 mainly due to 
 
1. Availability of continuous observations (ADCP, HF Radar) 
2. Requirements of operational ocean services 
3. Enhanced capability in the coastal modeling 



Source: INCOIS Annual Report 2017-18 

Locations of ADCP installations in the Indian 
coastal waters  

 INCOIS and CSIR-NIO initiated a significant 
(and very challenging) programme to 
systematically measure the vertical structure of 
high-frequency coastal currents in the Indian 
coastal waters using a series of Acuostic Dopler 
Current Profilers (ADCPs). 

 
 Initially pairs of ADCPS (one on shelf and 

another on slope were deployed at several 
carefully chosen locations in the east and west 
coast of India. Later, due to operational 
reasons, the shelf ADCPs are restricted to only 
4 locations 

 
 Availability of contiuous data from these ADCPs 

triggered a series of research on the coastal 
circulation around India, including its variation in 
space and time, its teleconnections with 
processes in the far away oceans, internal 
tides, etc. 

Some important publications are:  
 
Mukherjee et al (2018), Mukherjee et al (2017), 
Mukherjee et al (2014), Mukherjee et al (2013), 
Prakash et al (2012), Shenoi  (2009), Subheesh et al (2016), 
Jithin et al (2017), Jithin et al (2019), etc.. 



Surface current observations in the  
slope region along the east coast of 
India. 
 
OSCAR currents also represent the 
variation in the slope currents 
reasonably well, except in the very 
high-frequency part. 
 
Annual cycle is prominent. 
 
ADCP observations show very high-
frequency variation in the surface 
currents. 
 
Simulation of the high-frequency 
variation is the new challenge for the 
modelers. 
 

Mukherjee et al. 2020 



• Compared the performance of LCS and 
MOM4p1 in simulating the variability of EICC 
in different timescales. 
 

• Despite being a linear model, LCS could 
simulate the annual cycle of EICC very well. 
 

• Both LCS and MOM4p1 had difficulties in 
simulating the higher frequency variability in 
EICC. 



 
 

During 2013-14 
 
 Apr/May-Nov/Dec: Equatorward surface  

currents 
 
 Dec/Jan-Mar/Apr : Poleward surface 

currents 
 
 Transitions from equatorward to poleward 

and reverse happen progressively from 
north to south. 

 
 Undercurrents are prominent off-

Cuddalore, but not completely absent in 
other locations. 

(Francis et al. Ocean. Dyn. 2020) 



Different components of HOOFS Domain of different models used in HOOFS 

High-resolution Operational Ocean Forecast and reanalysis System for the Indian Ocean 
 

Correlation 
RMSE 

Francis et al., BAMS (2020) 



Time-depth section of zonal currents at 80.5oE, EQ 
Observation (top) and model simulation (bottom) 

 State-of-the art Ocean model 

simulate the circulation in deep 

ocean with very good accuracy. 

 

 Even the subsurface features 

are well simulated by the model 

 

 

 

From Jithin et al (2019) 

Surface zonal currents at 80.5oE, EQ 

Model : Regional Ocean Modeling System 
(ROMS3.6) 
 
Domain : Indian Ocean 
 
Resolution : 1/12 degree 
 
Forcing : NCMRWF 
 

  Effy et al (2020) 



Time-depth section of zonal currents at slope off-the coast of 
Cudallore Observation (top) and model simulation (bottom) 

 However, the model has difficulty 

in simulating the observed 

variation in the coastal circulation 

From Jithin et al (2019) 

Surface alongshore currents at 80.5oE, 12N 

Model : Regional Ocean Modeling 
System (ROMS3.6) 
 
Domain : Indian Ocean 
 
Resolution : 1/12 degree 
 
Forcing : NCMRWF 
 

  Effy et al (2020) 



Model- Regional Ocean Modeling System (ROMS) 
 
Horizontal resolution : 1/48 deg (2.25 km) 
 
Vertical resolution : 40 sigma levels 
 
Physics options :  

– KPP mixing scheme,  
– Bulk aerodynamic formulation for flux  computaton,  
– 10-constituent tidal forcing,  
– realistic daily boundary conditions in the south and west 

 
Forcing: NCMRWF atmospheric analysis 
 
 

Tracer/momentum boundary conditions and 
initial condition are extracted from daily mean 
values of ROMS (1/12 degree) configuration for 
Indian Ocean Basin Since the model is meant for coastal application, it is fined tune to 

simulate the barotropic and baroclinic tidal circulation accurately, 
in addition to the subtidal circulation. 



BoB Circulation 
(ROMS) 



Variation  of alongshore currents with depth (model simulations and observation) 

 Very high resolution configuration of ROMS could simulate the observed variation in the 

alongshore currents with better accuracy. 

 

 Hence these simulations are extremely useful for studying the structure and dynamics of 

EICC. 



Longitude-Depth section of alongshore currents at 12oN (off-
Cudallore) on 15th November 2014 & 4th December 2014. 

 Very strong equatorward alonshore flow in the surface (with core of the flow slightly 

away from the coast) 

 

 Strong subsurface flow (poleward) with its core below 500m depth 

 

 Distinct poleward subsurface flow with peak around 100-200m depth 



Spatial pattern of circulation off the coast of Cudallore in 
different levels on 4th December 2014 (model simulation) 

 Very strong equatorward alonshore 

flow in the surface 

 

 Formation of a small-scale 

anticyclonic circulation to the west 

of EICC at 150m. 

 

 Bifurcation of EICC at 200m and 

strengthening of subsurface 

anticyclonic circulation. 

 

 Subsurface anticyclonic flow near 

the coast  merges with largescale 

anticyclonic flow at 250m. 

 

 Strong poleward flow below 500m 

associated with subsurface 

anticyclone 

Important features of coastal 
circulation off-Cudallore 



Cross-shore structure of alongshore current at 12oN 

Momentum budget of alongshore current at 200m 



Time-depth section of alongshore flow off-Cudallore during Oct-Dec 2014  

Strong intraseasonal variatoin in 

surface EICC. 

 

Intraseasonal variation in 

subsurface is strong between 100-

250m 

 

Subsurface poleward flow (which is 

associated with small-scale eddies 

intensify followed by the 

intensification of surface equatorward 

flow. 

 

Relative vorticity closely follows the 

alongshore equatorward flow away 

from the coast.  

 

Anticyclonic flow setup to the 

onshore side of the core of the EICC 

due to strong shear 

Timeseries of alongshore currents (120m) at 120N, 80.25oN 
(red) & 120N, 80.65oN (blue) and zonal gradient of alongshore 

currents (black, relative vorticity) during Oct-Dec 2014  



Difference between the  

topography in  

1/12 and 1/48 grids 

Why such undercurrents are missing in a low resolution model? 

Comparison of Model Topography with observation  



Low-passed (100-day Butterworth filter) current on the slope (Sl-C, thick blue 
line), on the shelf (Sh-C, thin green line), and wind stress (dashed red line) 
on the east coast (10◦N to 21◦N).  

The region near the coastline serves as a high pass filter 
supporting only a shorter period motion. 
  
Similarly, the region in the offshore edge of the shelf 
becomes a low-pass filter. 



 Variation of temperature is better simulated by the highresolution 

model compared to the lower resolution configuration. 

 

 There is a considerable difference in the depth of ocean at the 

buoy location between the model configurations. 

 

 Since the water depth in 1/48o ROMS as shallow as 10 m, 

temperature responds to variation in Net Heat Flux quickly.  

 

 The MLD in 1/12o model is significantly deep, the net heat flux 

get distributed over a larger depth compared to 1/48o model and 

hence the variation in temperature is relatively less. 

MLD 

dT/dt 

Variation of  temperature 3m depth in observation, ROMS 1/48 and ROMS 1/12 

CB01 (11° 35´·33N., 92° 35´·77E) 



Annual mean surface current 
comparison (current speed is 
given in color) with ship drift 
observation.  

“Refinement in model horizontal resolution does not 
significantly improve simulations.”- Rahman et al. (2020) 

This result holds true for open ocean simulations, 
but certainly can not generalize when coastal 
circulations are considered. 



Concluding remarks 
 
1. State of the art circulation models can simulate the shorter-term variation in the 

coastal circulation with a fairly good accuracy. 
 

2. Part of the high-frequency variation of undercurrents off Cudallore could be 
associated with meso-scale circulation below the surface  
 

3. High-resolution circulation models may not be improving the simulations of open 
ocean circulation features, but certainly improves the simulations of coastal 
circulation  
 

4. Accurate representation of bathymetry is very critical in the simulation of coastal 
circulation. 

Thank You, 
  francis@incois.gov.in; 
  francis.pa@gmail.com  
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