
Autonomous floats and high resolution modelling: potential applications

• The global Argo array has been tracking ocean heat 
uptake and sea level rise for 2 decades: >3,000 floats

• Great progress is being made towards a 1,000 float
global biogeochemical (BGC) Argo array: T&S + 
nutrients, biomass, O2, pH, light

• At the same time, models can assimilate these data 
for hindcasts and future projections

The UTas and CSIRO Argo and modelling groups (pete.strutton@utas.edu.au)

Where are the potential future uses? Fisheries, surveillance...
• Floats provide several different measures of water masses, ocean 

chemistry and productivity...
• ...at a range of spatial and temporal scales, suitable for pelagic and 

demersal applications
• Data assimilating hindcasts show change that has already occurred
• Future projections of varying lengths and spatial resolution are possible
• Consultation with potential end users is an important next step to 

understand needs

lmol/kg and p0<20.05, were retained. Once the event was detected based on AOU0 and p0, the POC
anomaly (POC0) was used to estimate the amount of organic matter subducted. As for the rest of variables,
POC0 was computed as the difference between the 3 bin and the 20 bin smoothed POC profiles (Figure 3c).
Thresholds on AOU0 and p0 were chosen as the minimal values with which no false positive events were
detected. This choice might have caused to not take into account some weak events (false negatives) but it
ensured robustness on the events detected. Although the number of anomalies detected was found pro-
portional to the value of AOU0 threshold, a sensitivity test showed that the average concentration of POC’ in
the anomalies increased significantly for AOU0<28 lmol/kg (supporting information Figure S3).

3. Results

3.1. Float WMO5904677, Profile 27: A Case Study
In this section, we first describe a particularly strong event captured by float WMO5904677 (Figures 2
and 3). We offer here a detailed analysis of this particular profile to illustrate the validity of the method. The
rest of events presented similar characteristics although with lower AOU, p and POC anomalies.

Profile 27 of float WMO5904677 was measured south of the Campbell Plateau the 15 November 2016, dur-
ing austral spring (Figure 1, black star south of New Zealand). This profile showed a relatively shallow
mixed-layer depth and a significant concentration of organic matter at the surface, indicating the presence

Figure 3. Vertical profiles of station 27 of float WMO5904677. The orange strip represents the anomalous feature identified by the detection method and defined
as the upper and lower depths where AOU0<21 lmol/kg. The gray horizontal line shows the mixed-layer depth. (a) Density (green line), spiciness measurements
(blue dots), 3 bin and 20 bin smoothed spiciness (solid blue and dashed blue lines, respectively). (b) DO (green line), AOU measurements (blue dots), 3 bin and 20
bin smoothed AOU (solid blue and dashed blue lines, respectively). (c) Chl-a (green line), 3 bin and 20 bin smoothed POC concentration (solid blue and dashed
blue lines, respectively) and bbp nonsmoothed measurements (organge dots; no units).
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<wsub> 5 MLD 2Zevð Þ=Dt (2)

where

Dt 5 POCsurf2POCevð Þ=R (3)

R stands for the mean respiration rate of organic matter in the mesopelagic zone and is equal to 10 mmol C
m23 yr21, the average respiration rate between 100 and 400 m estimated from BGCArgo floats in Southern
Ocean open waters (Hennon et al., 2016). The definition of <wsub> in equation (2) was based on four strong
assumptions:

1. POCsurf was representative of the POCev concentration in the water parcel before being subducted.
2. The difference between POCsurf and POCev was only due to respiration of organic matter since the water

parcel left the surface mixed layer.
3. The distance traveled by the water parcel since leaving the mixed layer until being detected was equiva-

lent to the difference between the depth of detection and the MLD estimated for each profile.
4. The average respiration rate in the water parcel was constant in the water parcel.

Estimated <wsub> values ranged between 1 and 30 m d21, with an average of 8 m d21. These values are
within the range of submesoscale-induced vertical velocities (Klein & Lapeyre, 2009; Legal et al., 2007). High
values were found in late summer, when most events were detected, and the spatial distribution did not
show any particular pattern: all three hot spots were characterized by events with low and high export
(Figure 7b). The estimated export flux was referenced at 100 m (EP100) using a Martin’s curve with b 5 0.5
(Buesseler et al., 2007). On average, EP100 was 62.45 gC m22 yr21 with a standard deviation of 50.49 gC
m22 yr21 and values ranging from 10 to 225 gC m22 yr21. These values compare well with Henson et al.
(2011) satellite estimates for high-export regions of the Southern Ocean (Figure 2b in their paper). However,
little correspondence was found comparing each event EP100 to the concomitant satellite-estimated
export. In order to estimate the potential contribution of these events to the POC export, we selected only
the events found down-stream of Kerguelen (between 758E and 1058E) and we compared them to field-
based estimates using 234Th and biogenic particulate Ba approaches (Jacquet et al., 2008, 2015; Planchon
et al., 2015). During spring, the four events detected in this region exported 12.40 mgC m22 d21 on aver-
age, although one specific event exported 121.38 mgC m22 d21. The field-based estimates during the same
period (Jacquet et al., 2008; Savoye et al., 2008) found an average flux of 104 mgC m22 d21. Therefore, in

Figure 7. Map of the Southern Ocean showing geographical positions of subduction events. (a) Blue circles areas respresent the mean concentration of POC mea-
sured at each subudcted feature. (b) Blue circles areas represent the EP100 associated to the subduction events. Pink, red, and black solid lines represent the clima-
tological position of the STF, SAF, and PF, respectively, based on Venables et al., (2012).
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O2 and particles identify biomass subduction (Llort et al., 2018)

Sections from data assimilating 
models identify water mass 
changes (Peter Oke, CSIRO)

Large scale models with BGC are approaching 10km resolution 
future runs (Hayashida and the COSIMA modelling community)


