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Background on the Indian Ocean: 
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From Schott and McCreary, 2001 From Wiggert et al. 2006 

Ø The unique physical dynamics of the IO arise largely as a result of the Eurasian land 
boundary to the north, which gives rise to the strong seasonally reversing monsoon winds. 
Ø These winds drive intense mixing, upwelling, and downwelling circulations and 
seasonally reversing surface current patterns. 
Ø These, in turn, cause substantial variations in biogeochemical and ecosystem response. 

“The Indian Ocean is a strange and remarkable place.” 



Influence of the Indian Ocean Dipole on 
biogeochemistry and ecology: 

Ø The Indian Ocean thermocline and 
nutricline normally shoal in the west along the 
equator with increased precipitation and a 
warm pool in the east. 

Ø During IOD events, wind forcing along the 
equator shifts from eastward to westward. 

Ø This results in profound changes in physical 
dynamics and biogeochemical response. 

Ø Precipitation patterns shift westward. The 
thermocline and nutricline shoal in the east 
instead of the west, which impacts basin-
wide distributions of primary production. 

Ø These changes ramify through the entire 
marine food web. 

 

From http://www.jamstec.go.jp 



Influence of the IOD on biogeochemistry 
and ecology: 

Ø Time series of dipole mode index 
(DMI) and Nino3.4 

Ø At least a couple of clear-cut, 
positive IODs occur every decade.  

Ø This has been borne out through 
the present with the 1997/1998 and 
2006/2007 events that are evident in 
the DMI time series. 

Ø With clear links to ENSO. 

From Wiggert et al., 2009 



Influence of the IOD on biogeochemistry 
and ecology: 

Ø Along with this physical response, a 
clear biological impact has been 
revealed in ocean color data.  

Ø The signature feature is an anomalous 
phytoplankton bloom that first appears 
in September along the eastern 
boundary of the Indian Ocean in tropical 
waters that are normally highly 
oligotrophic. 

Ø Positive chlorophyll anomalies are 
also apparent in the southeastern Bay 
of Bengal, while negative anomalies are 
observed over much of the Arabian Sea.  

Ø Similar patterns are observed in NPP 
and presumably also export. From Wiggert et al., 2009 



 
 

Influence of the IOD on biogeochemistry 
and ecology:  
Ø Impacts on lower trophic level 
fishes are observed as well, 
e.g., dramatic increases in 
sardine catch (Sardinella 
Lumuru) in Bali Strait. 

Ø Associated with increased 
chlorophyll. 
 
Ø Human impacts: Catch is high 
but the price is lower. From www.labmath-indonesia.org 



 
 

Influence of the IOD on biogeochemistry 
and ecology: 
Ø Impacts on higher  trophic 
level fishes observed as well, 
e.g., dramatic changes in the 
distribution of the tuna catch.  

Ø Catch-per-unit-effort 
(CPUE) for (a) the period 
1992-2007, average values, 
and (b) 1998 only. 

Ø Tuna catch (and 
presumably also the tuna) 
migrate eastward during the 
1997/1998 IOD event. 

Ø Appear to be following 
eastward increases in 
Chlorophyll a and their prey. 

From Marsac et al. (2007) 



 
 

Influence of the IOD on biogeochemistry 
and ecology: 

Questions for CLIVAR: 

Ø How will the frequency and/or intensity of IOD events change over the 
coming decades in response to climate change? 

Ø Can this be predicted? 

 
Question for IMBER: 

Ø How will this impact higher trophic level species in the Indian Ocean, and 
human populations?  

 



 
 

Climate change impacts on the Southwest 
Monsoon and the biogeochemistry of the 
Arabian Sea: 

Indian Ocean warming 1970-1999 (°C per century)

40 60 80 100 120

-30

-20

-10

0

10

20

30

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

From Meyers et al. 2005 IOP Report 
From Levitus et al. 2000  

Ø The Indian Ocean is warming rapidly.   

Ø How will the Indian Ocean circulation, biogeochemistry and ecology respond to this 
warming?   

Ø Examples that follow: Increased Arabian Sea productivity and expanding oxygen minimum 
zones. 
 



Climate change impacts on the Southwest 
Monsoon and the  biogeochemistry of the 
Arabian Sea: 



Climate change impacts on biogeochemistry 
of the Arabian Sea: 

The Goes et al. Thesis: 

Ø Declining winter and spring snow 
cover over Eurasia are causing a 
land-ocean thermal gradient that 
favors stronger southwest (summer) 
monsoon winds.  

Ø Sea surface winds have been 
strengthening over the western 
Arabian Sea.  

Ø This is accompanied by enhanced 
upwelling and an increase of more 
than 350% in average summertime 
phytoplankton biomass along the 
coast. 

Ø The current warming trend of the 
Eurasian landmass is making the 
Arabian Sea more productive. 
 



Climate change impacts on the 
biogeochemistry of the Arabian Sea: 

Questions for CLIVAR: 
 
Ø Does the Goes et al. thesis concur with climate model predictions? 
  
Ø Are these trends in declining ESC and increasing SWM intensity still 
happening? 
  
Ø What are the climate model predictions for the coming decades?  

 
Question for IMBER: 

Ø How will this impact marine ecology and higher trophic levels in the 
northern Indian Ocean, and human populations?  



Climate change-induced OMZ expansion: 
 
Ø Oxygen-poor waters occupy large 
volumes of the intermediate-depth 
eastern tropical oceans and throughout 
the northern Indian Ocean.  

Ø Oxygen-poor conditions have 
profound impacts on biogeochemistry 
and ecosystems.  

Ø Climate models predict declines in 
oceanic dissolved oxygen over the 
coming decades due to global warming.  

Ø Time series have revealed vertical 
expansion of the intermediate-depth 
low-oxygen zones. 

Ø Future declines in oxygen levels may 
have dramatic consequences for 
ecosystems and coastal economies. 

From Stramma et al., Science, vol. 320 2 May, 2008 



Climate change-induced OMZ expansion: 
 

Question for CLIVAR: 
 
Ø How certain are the climate model predictions that are driving these 
OMZ expansions? 
  
 
Question for IMBER: 

Ø How will expanding OMZs impact ecology and higher trophic levels in 
the Indian Ocean (and globally), and human populations?  



What is needed from climate models to 
improve biological models and projections: 

Ø There are still substantial challenges associated with modeling biophysical processes 
in highly dynamic regions in the Indian Ocean (and globally).   

Ø How well do coupled climate models represent upwelling, boundary current dynamics 
and variability, and particularly cross-shelf exchange? These are key processes that 
drive coastal biogeochemical and ecological response. 

Ø Errors in atmospheric forcing are always an issue in both physical and biogeochemical 
modeling studies.  How good are decadal projections in atmospheric forcing, especially 
related to changes in the intensity and variability of the monsoon winds? 
 
Ø How well do coupled climate models represent deep circulation and mixing and its 
variability, especially in the depth range of the oxygen minimum zones? And also 
ventilation? How certain are decadal climate model projections?  

 



Thank You 



IOP and SIBER:  A model for 
CLIVAR/IMBER collaboration: 

The IndOOS integrated observing system, with basin-scale observations by moorings, Argo floats, XBT lines, surface-
drifters and tide-gauges; as well as boundary arrays to observe boundary currents off Africa (WBC), in the Arabian Sea 
(ASEA) and Bay of Bengal (BOB), the Indonesian throughflow (ITF), off Australia (EBC) and deep equatorial currents. 
RAMA: Research Moored Array for African-Asian-Australian Monsoon Analysis and Prediction. 

 

Ø  SIBER is a basin-wide, international research 
initiative sponsored jointly by IMBER and IOGOOS.  

Ø The long-term goal of SIBER is to understand the 
role of the Indian Ocean in global biogeochemical 
cycles and the interaction between these cycles and 
marine ecosystem dynamics.  

Ø SIBER was motivated by the IOP and deployment 
of coastal and open-ocean observing systems in the 
Indian Ocean that have created new opportunities for 
carrying out biogeochemical and ecological research.  
 
Ø The close collaboration between SIBER and IOP 
provides an important new model for carrying out 
basin-scale interdisciplinary research that can and 
should be applied in the other ocean basins.   

   SIBER: Sustained Indian Ocean Biogeochemistry   
   and Ecosystem Research  
 

 



Influence of the Indian Ocean Dipole on 
biogeochemistry and ecology: 

Ø Anomalous warming 
over large areas in the 
west. 

Ø Anamalous cooling 
and upwelling in the 
eastern equatorial 
region. 

Ø Driven by anomalous 
westward winds along 
the equator. 

Ø These changes 
ramify through the 
entire marine food 
web. 

From Saji et al. (1999) 



A note about OMZ expansion and potential 
global impacts: 
 



IOP and SIBER:  A model for CLIVAR/
IMBER collaboration: 

Ø The IOP leadership recognized from its start the importance of establishing 
meaningful interdisciplinary ties and collaborations aimed at understanding 
how physical processes impact biogeochemical cycles and particularly air-sea 
CO2 exchange and carbon export.  

Ø In 2006 the IOP was planning IndOOS/RAMA.  However, there was no 
equivalent panel or committee to act as a compliment to the IOP for guiding 
biogeochemical and ecological research in the Indian Ocean.  

Ø The identification of this gap was the motivation for developing the SIBER 
program, i.e., to address the need for an international committee/program that 
can guide biogeochemical and ecological research in the Indian Ocean and 
capitalize on this opportunity to “piggy back” this research on emerging 
physical oceanographic studies and infrastructure buildup in the basin.  

Ø After several years of meetings, planning and negotiation the SIBER 
program emerged under IMBER and IOGOOS with close ties to the IOP.  

 
 
 
 
 
 
 
 

 



IOP and SIBER:  A model for CLIVAR/
IMBER collaboration: 

Ø Cross membership between the IOP and SIBER Scientific Steering 
Committee (SSC) is arranged to promote continuous communication and 
exchange between the two groups.  

Ø The SIBER SSC and the IOP convene back-to-back meetings every year, 
which include a joint session to explicitly discuss ongoing and potential new 
interdisciplinary collaborations.  

Ø Collaboration between SIBER and IOP offers a unique opportunity to 
mobilize the multidisciplinary, international research effort that will be required 
to develop a new level of understanding of the physical, biogeochemical and 
ecological dynamics of the Indian Ocean in the context of the global ocean 
and the Earth System.  

Ø The collaboration between SIBER and IOP also provides an important new 
model for carrying out basin-scale interdisciplinary research that can lead to 
the long-term collaborations needed to achieve this goal. This model can and 
should be applied in the other ocean basins.   

 


