Estimation of pCO2 based on historical data from
the Southern Ocean OOI mooring
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INTRODUCTION
The Southern Ocean (SO) absorbs around 40% of anthropogenic carbon dioxide (CO2) and
70% of the anthropogenic heat, making it a critical contributor to the mitigation of increasing
atmospheric CO2. The SO’s ocean-atmosphere CO2 flux is a complex function of different
processes: temperature (through effects on stratification and gas solubility), biological activity
(through vertical nutrient supply),
outgassing of upwelling-derived
remineralised carbon, sea-ice
melt/formation, and circulation
variability. Due to the temporal and
spatial paucity of data (particularly
within wintertime), there is currently
a lack of consensus regarding both
the size of the annual carbon sink,
and the main driver of CO2 uptake in
the region (Earth system models
diverge substantially in their
estimation of the timing – and sign –
of the SO seasonal CO2 flux cycle for
Figure 1. Location and configuration of the Ocean Observatories Initiative-Global
these reasons).
Southern Ocean array.

OBJECTIVE

Improve our understanding of the seasonal variation of the marine carbonate system within
the South Pacific sector of the SO (one of the most undersampled regions on the planet) and
contribute to the Carbon Uptake and Seasonal Traits of Antarctic Remineralisation Depth
(CUSTARD) project. This will be through a number of approaches: firstly, by using the US
Global Southern Ocean OOI array (Figure 1) and the biogeochemical sensors deployed
thereon to determine the seasonal cycle in the marine carbonate system (Alkalinity, pH, DIC,
pCO2) and their drivers. Secondly, by applying newly-derived parameterizations for pH to
oxygen data derived from glider flights over the coming year to infer information about
spatial variability and to derive CO2 fluxes.

Figure 3. Hovmöller diagram of temperature (°C) and salinity at Flanking mooring B. The CTD location were 30, 40, 60, 90, 130, 180, 250,
350, 500, 750, 1000, 1500 m depth. From 26/02/2015 to 12/03/2017. Vertical red lines show when redeployment was made. For the last
redeployment (12/01/2016) data below 500m were not available.

The former pattern can be observed as well in the stratification (Simpson, 1981) of the water
column (Figure 4), with a complete homogeneous water column during winter of 2015. The
uncertainty estimate of TA was 9.1 mol kg-1, but is expected to decrease in the future
calculation incorporating oxygen data (Carter et al., 2018). The estimated pCO2 were below
atmospheric concentrations for the entire period (~399.41 ppm; Cape Grim atmospheric
station), suggesting a net flux of CO2 from the atmosphere to the ocean, notably during the
phytoplankton bloom of December 2015, with a drop of ~ 30 atm. Further calculations need
to be performed, particularly with uncertainty estimates to give support to this results.

DATA PROCESSING
Here we analyze and process measurements obtained from OOI website, as an approximation
of the data that we will have in our upcoming project (2018-2019). We selected the best
available data in terms of quality and time coverage. Flanking mooring B sensors (Figure 3)
were used for estimate total alkalinity (Figure 4) as a function of temperature and salinity
(Carter et al., 2018). Then the estimated TA and the measured pHT were used to calculate the
pCO2 and DIC (Lewis & Wallace, 1998; Figure 4 and 5). The data of the CTD vertical array
at the Flanking mooring A were analyzed to explore the temporal variability of the water
column (Figure 3).

RESULTS

pCO2 measured @ 12m

Figure 4. Time series of stratification (<350 m), total alkalinity (TA) and pCO2 calculated at 30 m depth in Flanking mooring B. From
24/02/2015 to 20/03/2017. Vertical red lines show when redeployment was made.

Figure 2. Time series of density, pressure, oxygen, chlorophyll a and pHT measured at 30 m depth in Flanking mooring B. From 24/02/2015
to 20/12/2017. Vertical red lines show when redeployment was made.

The adverse weather conditions in the SO represents a technical challenge and equipment
failure is a common scenario to deal with. The oxygen sensor (Aanderaa - Optode 4831) on
the mooring and the 3-wavelength fluorometer (WET Labs - ECO Triplet-w) failure to
recover data on several occasions. The data from multiple gliders is presented instead.
Nevertheless, important information can be obtained from these observations. During
December 2015 the sensors registered an increase of chlorophyll a concentrations up to 5 g
L-1 that lasted all month (Figure 3). The same pattern was observed for the oxygen sensor with
concentrations up to ~ 240 mol kg-1 and a rise in the pHT from 8.08 during November to
8.11 during December (Figure 2). This pattern is typically associated with a phytoplankton
bloom, were an increase in chlorophyll a is followed by a drop in [H+] and an increase of
dissolved oxygen as a consequence of an increase of photosynthesis activity. A decrease of
dissolved inorganic carbon (DIC) is observed during this period (Figure 5)
If we look at the water column structure (Figure 3), a seasonality pattern arise, with a gradual
warming of the surface layer through summer to autumn (December to May), followed from
a rapid cooling and deepening of the thermocline starting in winter (June). Further, difference
between the two winters can be appreciated. During the winter of 2015 we had a well-mixed
water column (30 to 350 m deep) with temperatures around 5.25 ºC and salinity of 34.3, while
for the winter of 2016 we had a shallower (<180 m), warmer (~6 ºC) and with lower salinity
(<34.15) mixed layer.
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Figure 5. Comparison between total alkalinity (TAest; estimated by LIAR code (Carter et al., 2018)), dissolved inorganic carbon (DICest ;
estimated from TA and pH (Lewis and Wallace, 1998)) and time of the year.

CONCLUSIONS
• A strong mixing of the water column was registered during the winter of 2015, bringing to
the surface water with an apparently higher concentration of CO2.
• A phytoplankton bloom followed this event during December 2015, when the water
column gradually started to stratify.
• The system apparently acted as a net sink of atmospheric CO2, but further calculation is
needed it to support this conclusion.
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