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CO2 monitoring in the South-West Indian Ocean over the last 3 decades

C. Lo Monaco*, N. Metzl*, C. Mignon* and many contributors at sea and on land

*LOCEAN-IPSL, Université Pierre et Marie Curie, Paris, France
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Summer and winter climatologies of sea-air CO2 disequilibrium (1998-2017)

Antarctic zone (AZ) :

small SST variability, mostly HNLC, upwelling 

—> surface fCO2 close to equilibrium with 

atmospheric CO2, reduced seasonal variability in 

oceanic fCO2, except for Kerguelen bloom

Long-term monitoring of oceanic CO2 is crucial

- to contribute to the Global C budget (yearly updates)

- to evaluate the efficiency of anthropogenic CO2

sequestration by natural processes

- to assess ocean acidification (spatial and temporal) 

- to validate ocean biogeochemical and climate models

- to validate floats data and satellite-derived estimates

Evolution of the CO2 system in Antarctic surface waters

Seasonal change in air-sea CO2 fluxes around Kerguelen Island

SeaWiFs Chlorophy-a (summer)

Southern Ocean extrapolation 

for geo-engineering:

If iron was not limiting primary 
production, the uptake of 

atmospheric CO2 might 

increase by less than 0.1 

GtC/yr (about 1% of current 

CO2 emissions). Limited impact 

likely due to Si(OH)4 depletion.

Hydrological and biogeochemical data 

collected in surface waters (underway) 

and at repeated stations, incl. historical 

locations GEOSECS (1978), INDIGO 

(1985-87), KERFIX (early 1990’s). 

Sampling down to 1200m at most stations, 

full water column for a few stations (30°S, 

56°S and Kerguelen plateau).

Subantarctic (SAZ) 

enhanced primary production and calcification 

(Great Calcite Belt), winter cooling 

—> large CO2 sink during summer and winter, 

except  where/when PIC concentrations are high 

(carbonates counter-pump)

Need for repeated observations

- to better understand (account for) interannual variability

- to better understand biological and physical processes

that drive oceanic CO2

Polar Front Zone (PFZ) :

large variability in hydrological and biogeochemical 

parameters, bloom north of Crozet

—> large variability in oceanic fCO2

Subtropical Zone (STZ) :

oligotrophic, large seasonal change in SST

—> large CO2 sink during winter, small CO2 source 

during summer (small sink in the occasional bloom 

S-E of Madagascar)

Monitoring of CO2 during the OISO cruises 

(1 or 2 cruises per year since 1998).

The South-West Indian Ocean is characterized by

- contrasted biogeochemical zones from the subtropics 

to the polar ocean
- strong frontal structures associated with the Kerguelen 

and Crozet Plateaus and the Agulhas Return Current
- phytoplankton blooms in HNLC and oligotrophic zones

(iron fertilization  near Kerguelen, Crozet and Madagascar)
- formation of mode waters at mid-latitudes that 

transport anthropogenic CO2 to low latitudes

Averaged velocities at 400m (from Sallée et al., 2006) and location of

SAMW formation (last ventilation, according to Koch-Larrouy et al., 2010).

Thin lines the Subtropical Front (STF, north) and Subantarctic Front (SAF,

south) positions from Orsi et al. (1995).

Evolution of CO2 and pH in Subantarctic Mode waters

Various on-going and planned collaborations for a better understanding of the drivers 

of oceanic CO2 variability 

e.g., Impact of climate change and iron fertilization on the oceanic CO2 cycle (SOBUMS), 

Role of planktic foraminifera on the biological pump of CO2 (coll. H. Howa, LPG-BIAF),

Impact of warming on N cycling, plankton and bacterial phylogeny (coll. E. Raes, AWI)

Monitoring through BGCArgo floats (SOCLIM, SOCCOM), 

Study of land-ocean interface and hydrothermal activity (SWINGS/GEOTRACES)

Impact of climate and pH change on coral reefs (coll. A. Tribolet, LOCEAN)

fCO2 and pH

Clear increase in fCO2 (Metzl, 2009) and decrease in pH. Poor relationship with 

SST (but 2017). Large interannual variability in DIC and TA, no clear trend.

Reduced trends in fCO2 and pH between 2011 and 2105, may be related to an 

episode of strong stratification (increase in SST, decrease in SSS) likely due to 

enhanced sea-ice melting (no change in d18O).

No trend in Ω (CO3
2-) and PIC. Poor relationship between CO3

2- and PIC. CO3
2-

and DIC are anti-correlated. TA correlated to PIC in the last decade (!?) .

SST and SSS Chl-a and PIC

Summer surface data at 56°S. pH, CO3
2- and Ω are calculated from DIC and TA measurements and

recommended constants using Ocean Data View (Schlitzer, 2015). Chl-a and PIC obtained from

satellite AQUAMODIS (monthly means, area of 2.5° latitude x 5° longitude).

ΩArag. and ΩCalc.

Anthropogenic 

CO
2

sequestration

leading to Ocean 

Acidification

western OISO transect

eastern OISO transect

Climatology 1998-2015CO2 uptake integrated over 

the productive season                         

(from September to Mars):

Polar Front (Si(OH)4 limitation)   

-1.5 ±0.2 molC/m² 

Downstream (iron transport)       

-1.0±0.2 molC/m² 

Plateau  (iron source)

-1.1±0.2 molC/m² 

HNLC (iron limitation)

-0.4±0.2 molC/m² 

AZ

PFZ

STZ

SAZ

5°C (PF)

10°C (SAF)

18°C (STF)

13°C

Chlorophyll-a in January 2017 (AQUAMODIS) and fronts deduced from SST

Potentiometric titration in a closed 

cell for underway and discrete 

measurements of DIC and TA

Instrumentation for underway 

measurements of surface fCO2

(NDIR analyzer)

Trends in DIC and pH mainly 

attributed to the invasion of 

anthropogenic CO2

(increase in TA at 30°S: +4 (±2) 

µmol/kg/dec, no trend in T, S, O2)

Trends at     35°S and  30°S (per decade) 

DIC:   +12 (±2) and +9 (±2) µmol/kg/dec

eMLR:         +9 (±1) and +9 (±1) µmol/kg/dec

C0, TrOCA: +9 (±1) and +7(±1)   µmol/kg/dec

pH: -0.018 (±0.003) and -0.010 (±0.004) /dec

Evolution of DIC, anthropogenic CO2 (using 3 different methods) 

and pH in Subantarctic Mode Waters  at 35°S (blue) and 30°S (red)

Evolution of anthropogenic CO2 and O2 in the deep ocean

Evolution of anthropogenic CO2 (TROCA method) and oxygen 

in Lower Circumpolar Deep Water (LCDW) and Antarctic 

Bottom Water (AABW) at 56°S

Reduction in anthropogenic 

CO2 concentrations in 

AABW in the last decade 

(stagnation in LCDW)

could be related to reduced 

ventilation (decrease in O2) 

in recent years

TrOCA

eMLR

C0

Surface fCO2 decrease in waters fertilized with iron (above and 

downstream of the Plateau) as soon as vertical mixing is reduced.

Small CO2 uptake in HNLC waters (upstream). 

Enhanced Chl-a above the Plateau, but CO2 uptake is likely 

reduced due to the impact of summer storms

Retention of iron inside the PF meander     

Early CO2 sink (stratification) in the Polar Front zone, reduced 

in the course of the growing season due to Si(OH)4 depletion 
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Potential temperature (theta), salinity, DIC and anthropogenic CO2 (TrOCA method) obtained in 

the upper ocean along the eastern OISO transect between 1998 and 2000 (summer data). 

SAMW

WW

AAIW

uCDW

Complement VOS and GO-SHIP surveys

Link to various programs (SOOS, IIOE-2)

Summer (Dec.-Mar.) Winter (Jul.-Sep.)

Data from 6 historical cruises (MINERVE 1991-1993) and 16 OISO cruises 

(1998-2015) available in the SOCAT database (Bakker et al., 2016)

Polar Front Zone

PF meander (downstream)

Kerguelen Plateau  

HNLC waters (upstream)      

AZ PFZ SAZ STZ

AZ PFZ SAZ STZ

Kerguelen 
Plateau

Crozet 
Plateau
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Anthropogenic CO2 at 400m (µmol/kg)

Anthropogenic CO2 determined from the TrOCA method using GLODAP 

data (1995-2000, black dots, Key et al., 2004). Small dots are for WOCE 

stations and large dots for OISO repeated stations. Open circles show 

the OISO stations visited occasionally.

DICS=34 and TAS=34

The OISO time-series data reveal large spatial and temporal variations 

in oceanic CO2 that impact the uptake of atmospheric CO2 and ocean 

acidification

Pursuing these observations is crucial to achieve a better 

understanding of the mechanisms and to unravel natural and climate 

change -induced variability 

The OISO data contribute to the SOCAT, GLODAP and GOA-ON 

databases.


