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Context  (2-3 lignes)  

Investigation of the Variability and trends of the ocean fCO2 and pH in two major sink regions: in the North 

Atlantic subpolar gyre and in the southern Indian Ocean. These two regions have been surveyed for more than 20 

years by our national observing systems (SURATLANT in SNO SSS and OISO in SNO CARAUS) 

Objectives / scientific questions (2-3 lignes)   

Construing from observations what the decadal/multi-decadal variability of surface properties is in these two 

regions, and interpreting the changes as a result of potential drivers. Complementing 13C observations, as a 

tracer of anthropogenic carbon penetration in the ocean.  

Main results (y compris les relevés de conclusions des réunions de coordination si c’est l’objet du financement 

LEFE) 

- Validated multi-parameter database produced for SURATLANT, resolving the seasonal cycle and decadal 

trends in parts of the North Atlantic subpolar gyre (data set doi https://doi.org/10.17882/54517; Reverdin 

et al., 2018).  

- Analysis of decadal trends of pCO2 and pH in SURATLANT dataset, illustrating a major change in the first 

decade of the 21st century (around 2005-2008), involving changes in drivers and dynamic structure of the 

gyre (Fig. 1). This also illustrates differences in pCO2 air-sea difference between the northern part of the 

gyre (here closer to Iceland) where water is saltier and warmer than further south in the centre of the 

subpolar gyre, and closer to Newfoundland. Possible decadal changes in alkalinity to be further 

investigated, which could result from changes in calcifying production (Leseurre et al., 2020) 

- Analysis in progress on trends (1998-2020) in the southern Indian Ocean (mostly south of the polar front) 

(Leseurre et al., 2021, to be submitted). The trends found in a series of HPLC stations in fCO2/pH are close 

to the overall increase rate in atmospheric fCO2, except in productive regions downstream of Kerguelen 

and Crozet Islands (Fig. 2). There, changes might be explained by changes in the time of the bloom 

relative to the annual cruise time (phenology changes or plankton community changes) 

-  Validation of the existing 13CDIC data base (V. Racape; to be submitted to seanoe). Attempts to extend 

dataset to recent cruises have been limited due to strong aging of LOCEAN equipment and loss of 

personnel (cruise OISO28 data mostly lost; partial analysis of OISO29, OISO30 and Ovide2018). This 

reinforced the need for more automated equipment (Picarro CRDS+ Apollo CO2 extractor) which has just 

been purchased. We participated to a 13CDIC intercomparison exercice (Cheng et al., 2019) with the 

former (SIRA IRMS) equipment. 

- In addition, data of SURATLANT and OISO regularly submitted to SOCAT and thus used for annual global 

carbon budgets (Friedlingstein et al., 2019, 2020), as well as DIC/TA data of the two programs transmitted 

to GOA-ON IOC (SDG 14.3.1, https://oa.iode.org/) and thus used for the overall acidification index of the 

oceans (Sustainable Development goals, SDG 14.3.1, 2020). 
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Figure 1 : difference (surface water -atmos) of 

fCO2 in NA subpolar gyre (SURATLANT data; full 

line closer to Iceland (60°N) than dashed line 

(near 56°N)) (blue in winter; red in summer) 

(Leseurre et al., 2020) 

 

 

 

 
Figure 2: Trends in 1998-2019 of surface fCO2/pH for HLNC 

stations (yellow) and stations in the blooms (red) as sampled 

during the (summer) OISO cruises. Note high trends in the 

bloom, to be explained.  

 

Future of the project : 

We participate to ANR SWINGS (2020-2023) (cruise in Jan-March 2021), with the new equipment Picarro G2131-

Apollo CO2 extractor to be used to finalize analyses of earlier cruises and new SWINGS-OVIDE data. We also 

participate to the LEFE Ker-trend project aimed at putting together data of different observing systems in the 

South Indian Ocean. The 13CDIC data will be analysed (thesis of C. Leseurre in terms of anthropogenic carbon) 

together with the other cruise data, in order to constrain penetration of anthropogenic carbon, in particular in 

the southern Indian Ocean. 

Collaboration for 13CDIC data in the North Atlantic established with D. Wallace (Univ. Dalhousie, Ca), A. Voelker 

(CCMAR, Pt) and A. Olsen (Univ. Bergen, No) 

Nombre de publications, de communications et de thèses 

(citer au maximum 5 publications en lien direct avec le projet) 
7 publications, 2 meeting presentations, 2 Master2 reports (Leseurre, 2017, 2018) 
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