
25 November 2008 MISMO Workshop

Bio-physical coupling in the equatorial 
Indian Ocean over short time scale Indian Ocean over short time scale 

from MISMO time-series
S. Prasanna Kumar, P. Byju, Divya David

National Institute of Oceanography (NIO), Dona Paula, Goa-403 004, India

Kunio Yoneyama, Akio Ishida, Takanori Horii, Yukio Masumoto, Keisuke Mizuno
Japan Agency for Marine-Earth Sciences and Technology (JAMSTEC), 

2 15 N t hi Ch Y k k 237 0061 J2-15 Natsushima Cho, Yokosuka 237-0061, Japan 



Equatorial Indian Ocean (EIO) is very different from 
th th t i l i f th W ld Othe other equatorial regions of the World Ocean

• Very Strong seasonal signal compared to inter-annual variability

• No equatorial upwelling• No equatorial upwelling

• No permanent EUCp

• Occurrence of IOD

•Very low biological productivity compared to the rest of the IO

In spite of the above IO still remains 
as one of the under sampled regionsas one of the under sampled regions 



Outline of the presentationOutline of the presentation

• Seasonal cycle in the MISMO Box (70-85oE, 5oN-5oS) -y ( , )
climatology, 2005 & 2006

• MISMO Time-Series October-November 2006
Onboard RV Mirai

• Trans-equatorial section along 83E August 2006 q g g
collected onboard ORV Sagar Kanya



Time evolution of 2006 IOD (courtesy Horii-san)

3rd largest IOD
After 1997 & 
1994

See Horii et al. 2006 GRL ,
Masumoto et al. 2008 GRL for details



To set the stage………
Seasonal cycle Climatology vs 2005 & 2006 

TMI  SST SSHA

MISMO

Signature of IOD is 
clearly seen in all the 
parameters in the year 
2006 (Blue)

Warmer SST
High SSH anomaly

Westerly zonal winds
Eastward zonal current

Zonal Currents - OSCAR Zonal Wind - QuikSCAT



MISMO Time Series 
(Mi i I di O i f th St d f th MJO ti O t)(Mirai Indian Ocean cruise for the Study of the MJO-convection Onset)

Location of Time series Equator 80 5oE

MISMO

Location of Time series   Equator, 80.5 E

Duration of Time series 28 October 21 November 2006Duration of Time series 28 October 21 November 2006

Frequency of CTD 4 hourly later 6 hourlyFrequency of CTD 4 hourly   later 6 hourly

Frequency of Chl & NO 6 hourlyFrequency of Chl & NO3 6 hourly



Temperature Salinity20-80mm/day5-60mm/day

Inversionwarm
High frequency 
thermocline 
oscillation 

Fresher

High salinity core

Thickness of 

Hi h li iHigh salinity 
water mass 
showed large 
t ltemporal 
variation 

Thermal structure – Deepening of surface layer and shoaling of subsurface layer
Salinity structure – Two rain events leading to freshening and subsurface high 

salinity core



warm cold

Warming/cooling caused by 
local heat flux as well as 
d i f / ladvection of warm/cool waters

Deepening of the upper layer was driven by the curl of the wind stress



Strong upwelling signature ………Masumoto et al 2008
Meridional divergence and Northward current Horii et al 2009Meridional divergence and Northward current……..Horii et al 2009

Chlorophyll     (mg/m3)
Nitrate (micro mole/kg)Nitrate (micro mole/kg)

Deepening and thickening of SCMDeepening  and thickening of SCM
Deepening of nitracline



Light penetration depth (Inverse Kd490 -attenuation Coefficient)

Thus the observed deepening of the SCM is 
driven by anticyclonic wind stress curl and thedriven by anticyclonic wind  stress curl and the 
enhanced chl concentrations within the SCM is 
due to the increase in the depth of lightdue to the increase in the depth of light 
penetration and supply of additional nutrients 
by the subsurface upwellingby the subsurface upwelling



1. Is it the typical chlorophyll structure of the EIO?

Subsurface Chlorophyll Maxima (SCM)Subsurface Chlorophyll Maxima (SCM)

2. What controls the chlorophyll variability?



1. Is this the typical chlorophyll structure of the EIO? 
For this we will look at data 
collected onboard ORV Sagar 
Kanya during 1 29 August 2006Kanya during 1-29 August 2006
along 83oE from 5oN to 5oS

0
Chlorophyll (mg/m3)

SCM is the characteristics 
of the vertical  chl structure 
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What controls chlorophyll structure is the Availability of Nutrients

Nitrate – WO5

ox

Chlorprphyll - SeaWiFS Climatology
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Un like the other parts of the Indian Ocean 
t i t i th EIO l b l 40

25 25
nutrients in the EIO are always below ~40m
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Summary

• MISMO time-series provided an unprecedented opportunity 
to understand the bio physical coupling over very shortto understand the bio-physical coupling over very-short 
time-scale in the EIO

• The local net heat flux combined with advection of warm/cold 
waters into the MISMO time-series location controlled 
the warming/cooling of SST. 

• The deepening of upper layer was and the SCM was driven by• The deepening of upper layer was and the SCM was driven by 
the anticyclonic wind stress curl.

• The increased chlorophyll concentrations within the SCM was 
due to an increase in the penetration depth of light in 
combination with the additional pumping of nutrients 
due to subsurface upwelling 


