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Arabian Sea and Bay of Bengal

Bay of Bengal
• Warm, fresh, shallow ML by river 

discharges  
• Diurnal variation in stratification and SST 
• Coherent space-time variations in air-sea 

flux and SST with intraseasonal 
convection 

• affecting the onset and the active-
break cycle of the summer monsoon.

Arabian Sea
• Cold, salty, deep ML by the Findlater Jet 
• Unstable boundary current, coastal 

upwelling, and strong eddy activity 
• A strong boundary layer air-sea coupling 

• affecting energetics of the current 
system, the low-level structure of the 
FJ, and the monsoon rainfall
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poorly observed and modeled (Slingo et al. 1996). Sea
surface temperature (SST) is an important mechanism
for organizing atmospheric convection as attested by
marked shifts in tropical convection during El Niño
(Wallace et al. 1998). The SST bordering the monsoon
Asia, however, is generally high with small gradients in
space, rendering it ineffective in organizing convection
over the ocean.

The Asian continent and its contrast with the ocean
cause the planetary-scale summer monsoon. Over land,
surface properties such as vegetation and soil moisture
are considered to be important, but their interaction
with precipitation and their role in determining rainfall
distributions are complicated and not well understood.
The Tibetan Plateau, absorbing intense solar radiation,
serves as a massive elevated heat source for the atmo-
sphere (e.g., Yanai and Li 1994), helping energize the
summer monsoon (Hahn and Manabe 1975; Xie and
Saiki 1999; An et al. 2001). In the Asian monsoon do-
main, there are many less remarkable mountain ranges

(!1 km in height). Since they are narrow in width
(500 km or less), we call them mesoscale mountains to
distinguish them from the massive Tibetan Plateau.
While the orographic lifting effects on rainfall are well
known, the effect of mesoscale mountains on the con-
tinental-scale monsoon has rarely been discussed in the
literature, because of inadequate observations. (In fact
the Asian summer monsoon is almost always discussed
as if these mountains do not exist.) Using a suite of new
satellite observations, we show that the mesoscale
mountains of Asia are an important agent for organiz-
ing monsoon convection through a strong interaction
between convection and circulation.

2. Data
We use the following datasets: Tropical Rainfall

Measuring Mission (TRMM) Precipitation Radar (PR)
surface rainfall product 3A25G2 (Kummerow et al.
2000; from December 1997 to September 2004 on a 0.5°
grid); Special Sensor Microwave Imager (SSM/I) rain-

FIG. 1. Jun–Aug climatologies of surface precipitation (mm month"1) based on (a) CMAP, (b) TRMM PR, and (c) SSM/I-gauge
merged products. (d) Land orography (km) and QuikSCAT surface wind velocity (m s"1).
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Oceanic forcing of the atmosphere  
on oceanic mesoscales

• Warm mesoscale SSTs lower stability of the MABL and increase surface wind. 
• Western AS supports the strong mesoscale SST-driven air-sea coupling. 

• Mesoscale SST forces the mesoscale wind, convergence and curl.

Correlation between zonally high-pass (10°) filtered SST and WS

#1. Vertical momentum mixing:  Wallace et al. 1989; Hayes et al. 1989
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• 1D turbulent boundary 
layer process

• A shallow (<PBL) and rapid 
(hrs to days)

• Valid only at mesoscale

Key features

Wind speed and SST are in phase.

Wallace et al. 1989

QuikSCAT and NOAA SST  
2005-2009



Oceanic forcing of the atmosphere  
on intraseasonal time-scales

• BOB and the northern AS supports a strong intraseasonal air-sea coupling 
• Intraseasonal SST forces the intraseasonal wind speed.

Correlation between 10-90 day SST and WS

QuikSCAT and NOAA SST  
2005-2009



Monsoon intraseasonal oscillation (MISO)

Lee et al. 2013 (see also Suhas et al. 2012)

• Convective anomalies from 
the equatorial IO propagate 
toward India and BOB. 

• Paired with the 
suppressed convective 
anomalies to the north 

• Dry phase with easterly 
wind, raising SST prior to 
the organized convection. 

• How boundary-layer 
air-sea coupling 
affects the ISO 
convection-SST 
coupling and the 
northward march of 
MISO?



MISO northward march  
influenced by intraseasonal SST-wind coupling

warm

convergence & 
convection

• SST warming leads 
to northward wind 

• Convergence to the 
north (Shankar et al. 
2007): ➜ Northward 
propagation of the 
convection

JJA 10-90 day SST and V10m

JJA 10-90 day convergence and SST-gradient



How intraseasonal BOB air-sea coupling influenced by  

#1. diurnal variability of the upper ocean temperature 
#2. freshwater distribution?



Impact of diurnal SST variability on the MJO convection during DYNAMO

 Enhanced diurnal and 
intraseasonal SST variability

CouplerScripps RSM
ROMS

SST &
 sfc. current

Atmos. states / 
surface fluxesWRF

Atmosphere Ocean

6-h ERA-Interim daily HYCOM

SCOAR coupled model

Varied coupling Frequencies
CF1, CF3, CF6, CF24

! Ensemble averages
• Individual members

Pre-convection SST [°C]

M
id

-c
on

ve
ct

io
n 

 ra
in

fa
ll 

am
ou

nt
 [m

m
da

y-
1 ]

Seo et al. (2014): Coupled impacts of the diurnal cycle 
of sea surface temperature on the Madden-Julian 

Oscillation. J. Climate.

40 km O-A resolutions



Diurnal SST variability in Bay of Bengal

Occasional strong diurnal SST events even in winter

High vertical resolution is 
a key to capture diurnal 

warm layer

RAMA and model @ 90E 8N

dSST in boreal winter (Nov 15  — Nov 19, 2011)

20 layers

8 layers



River discharges influence the monsoon wind and rainfall

CouplerScripps RSM

ROMS

SST &
 sfc. current

Atmos. states / 
surface fluxesWRF

Atmosphere Ocean

6-h ERA-Interim daily HYCOM

SSS restoring

DJF NoSR

• SCOAR regional coupled model for 
the Indian Ocean 

• A crude representation of river 
discharge thru SSS restoring in the 
ocean model.
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Seo et al. 2009: Seasonal effects of Indian 
Ocean freshwater forcing 

 in a regional coupled model. J. Climate

SCOAR coupled model



River discharges affect SST and strengthen the monsoon winds

• Modest SST warming 
in summer  

• Enhanced mean 
southwesterly 
monsoon wind and 
rainfall

JJA SST SR-noSR JJA Rain/Wind SR-noSR

DJF SST SR-noSR DJF Rain/Wind SR-noSR

• Extensive surface 
cooling limited in the 
surface layer 

• Strong winter 
monsoon wind in 
response to cooling 



Summary & Research Plan

• In BOB, air-sea coupling is strong on intraseasonal time-scale. 
- BOB SST ISV influences the northward march of wind, low-level 

convergence, and deep convection on intraseasonal time-scale. 
- ML processes are modulated by river discharges and diurnal cycle. 
- Combined and relative effects on the SST-MISO coupling? 

• From ASIRI measurements, I am interested in knowing the observed 
spatio/temporal structure of the ML stratification and air-sea flux on 
diurnal, sub-monthly, and intraseasonal time-scales. 

• Regional coupled model simulations will quantify the modulation of ML 
process and address important rectified effect and predictability on  

1. the ML heat content, budget, and air-sea flux 
2. the MISO convection and monsoon active/break cycles
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