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Current Understanding and Societal Impact:
 The oceanic uptake of atmospheric CO2 is 

estimated to be 2.6 Gigatonnes (Gt) of carbon 
per year, which is nearly comparable to the 
uptake by land (LeQuere et al., 2015).

 It is important to accurately quantify the 
oceanic CO2 sink and understand the 
factors that drive it’s spatial and temporal 
variability in order to accurately project 
future atmospheric CO2 levels and global 
climate change (Takahashi and Sutherland, 
2013).

 It has been estimated that the Indian 
Ocean as a whole accounts for ~1/5 of the 
global oceanic uptake of atmospheric CO2

but there is still considerable uncertainty 
(Takahashi et al., 2002). 

 The southern Indian Ocean appears to be a 
strong net CO2 sink. The Arabian Sea is a 
source of CO2 to the atmosphere.

 Whether the Bay of Bengal is a CO2 source or sink remains ill-defined due to sparse sampling.

 More CO2 measurements are needed in the Indian Ocean.



Current Understanding and Societal Impact:
 Increasing oceanic CO2 concentrations will lead to acidification of the Indian Ocean over the 

coming decades with potential negative impacts on coral reefs, other calcifying organisms and 
ultimately the entire marine food web, fisheries and humans.

 Surface pH values in the Indian Ocean are the lowest of the major ocean basins (Feely et al., 2009).

 The rate of pH decline in the Bay of Bengal is much faster than the global rate (Rashid et al., 2013).  

 Low pH values and rapid rates of decline in the Indian Ocean are not well characterized or 
understood (Takahashi et al. 2014). 

 More pH measurements are needed in the Indian 
Ocean.



Required EOVs, their Spatial Coverage and 
Temporal/Spatial Resolution:

 The observations required to constrain the carbon 
system are any two of Dissolved Inorganic Carbon 
(DIC), Total Alkalinity (TA), partial pressure of carbon 
dioxide (pCO2) and pH, plus temperature and salinity. 

 The carbon cycle research community has set a goal of 
being able to constrain the regional fluxes to 0.2 Pg C year-

1 (Pierrot et al., 2009).

 These observations can be obtained from ships and 
moorings, with ships providing infrequent large-scale 
spatial transects and moorings providing 
complimentary continuous measurements at specific 
locations. 

 GO-SHIP provides approximately decadal resolution of the 
changes in these carbon system parameters in the Indian 
Ocean.

 GO-SHIP surveys will be crucial for filling in the 
current large spatial gaps in carbon system 
measurement in the Indian Ocean.



Required EOVs, their Spatial Coverage and 
Temporal/Spatial Resolution:

 Moored Autonomous pCO2 (MAPCO2) systems have 
dramatically improved our ability to characterize the 
temporal variability in the carbon system (Sutton et al, 
2014). 

 The MAPCO2 system provides high-resolution data that 
can measure interannual, seasonal, and sub-seasonal 
carbon system variability. 

 Overall uncertainty of the MAPCO2 is < 2 μatm for seawater 
partial pressure of CO2 (pCO2) and <1μatm for air pCO2. 

 The MAPCO2 can maintain this level of uncertainty for over 
400 days and the measurements are consistent with ship-
board seawater pCO2 measurements.  

 The MAPCO2 system also provides direct measurements of 
pH.

 Multiple deployments of MAPCO2 systems on RAMA 
moorings could fill in the current large temporal gaps in 
carbon system measurement in the Indian Ocean that 
cannot be addressed by the infrequent large-scale GO-
SHIP surveys. 



Recommendations for collection of these EOVS in 
the context of IndOOS:

 IndOOS should seek additional resources 
to enable deployment of additional 
MAPCO2 systems on RAMA moorings. 

 The RAMA mooring array Flux Reference 
Sites should be targeted for deployment 
of the MAPCO2 systems (one per 
mooring). 

 They provide all of the additional 
atmospheric and physical oceanographic 
measurements that are needed to calculate 
the carbon system parameters and CO2 flux. 

 In addition, collaboration between GO-SHIP and IndOOS provides a potential opportunity 
to add large-scale carbon system measurements to IndOOS. 

 GO-SHIP should become an integral component of IndOOS, providing high-quality 
carbon system measurements, along with heat, freshwater, oxygen, nutrients and 
transient tracers in the Indian Ocean along dedicated repeated hydrographic lines.



Reviewer Comments:

Susan Wijffels: 

 Are GOSHIP and RAMA the only infrastructure that can be used for 
this problem? It appears underway PCO2 (SOCAT), gliders, wave 
gliders and floats are missing as potential platforms. 

 There is no mention of GOA-ON* or BGC Argo – are these not useful 
for this problem?

Richard Matear: 

 How about Argo with CO2 sensors?

*Global Ocean Acidification – Observing Network



Global Ocean Acidification – Observing Network

 These are sparse in the Indian Ocean but definitely useful.

 And vice versa, RAMA CO2 and pH measurements can contribute
to GOA-ON. Indeed, they already are…
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