
PICCOLO Work package 1 
Changes in inorganic carbon in Weddell 

Gyre surface water  

Work package 1 will assess: 

i) the abiotic changes in surface water carbon as Weddell Deep Water 

upwells and circulates in the Weddell Gyre. 

ii) the processes that control air/sea/ice interaction and gas exchange in 

coastal polynyas. 

Hypothesis 1: Air-sea CO2 transfer is influenced by sea ice extent and ice 

melt as well as wind speed. 

Hypothesis 2: Dissolved organic matter (DOM) photolysis in surface 

waters substantially increases seawater CO2. 

Hypothesis 3: Dissolved inorganic carbon (DIC) enrichment below the 

Weddell Gyre ice pack in winter is determined by abiotic processes 

(upwelling, sea ice capping of air-sea CO2 flux). 
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Deliverable 1: Estimate of CO2 air-sea-ice exchange over a seasonal cycle for 

the Weddell Gyre using observations from PICCOLO, ORCHESTRA MASIN 

flights, satellite Earth Observation and meteorology coupled with FluxEngine 
(Shutler et al. (2016). FluxEngine: A flexible processing system for calculating atmosphere-ocean 

carbon dioxide gas fluxes and climatologies. J. Atm. Ocean. Tech. 33(4): 741-756). 

Deliverable 2: Geometric vector analysis of processes in surface waters (see 

Fig. 2). We will conduct a detailed survey of the carbonate system in lower limb 

waters to characterise endmembers that provide a quasi-timeline of total 

alkalinity (TA) and dissolved inorganic carbon (DIC) changes along the lower 

limb circulation. We will use our knowledge of the different processes that 

change TA and DIC and estimates of CO2 air-sea transfer, sea ice melt and 

photoproduction to deconvolute the remaining (likely biological) processes. 

Deliverable 3: We will combine results from Work package 1 with volume flux 

estimates from Work package 4 to estimate inorganic carbon removal from the 

surface and transport into Antarctic Bottom Water (contribution to Work 

package 5). 

PICCOLO is a RoSES project that will define, quantify and provide mechanistic understanding of the key 

processes controlling the rate of carbon uptake in the lower limb of the Southern Ocean overturning circulation.  

Processes and Work packages in PICCOLO 

Fig. 2: TA-DIC property plot. DIC-rich Weddell Deep Water 
(WDW) upwells in the Weddell Gyre. Surface waters are 
subject to abiotic and biotic transformations. Winter Water 
(WW) is a remnant of the surface water at the end of 
Winter. Antarctic Bottom Water (AABW) sinks and is 
exported. Different processes change the carbon system 
properties along distinct TA-DIC vectors. 
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Fig. 1: Surface Ocean CO2 Atlas data (2000-present). 

The Weddell Gyre is chronically under-sampled - data 

only available December – March. 

mailto:tbe@pml.ac.uk

