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why it is important to study the subtropical gyres?

(Behrenfeld et al., 2015)

• Occupy ∼40% of the surface of the 
Earth.

• Characterized by oligotrophic 
conditions (weak supply of nutrients, 
low phytoplankton biomass  often 
expressed in satellite chlorophyll-a 
concentration (CHL) ≤ 0.1 mg m-3).

• They significantly contribute to the 
global carbon export production

because of their immense 
ecosystem size (Dave et al., 2015).
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Ocean deserts are increasing due to ocean warming
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Ocean deserts are increasing due to ocean warming

The fastest expansion of oligotrophic waters worldwide was observed 
within the area of the North Atlantic Subtropical Gyres with an 

enlargement of around 56% between 1998 and 2006
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The North Atlantic Subtropical Gyre (NASTG)

Annual Winter Summer

Leonelli et al., (under review)
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Critical points:
1. Satellite CHL alone cannot always give a reliable estimation of phytoplankton concentration in the subtropical

gyres, being strongly influenced by physiological processes (i.e., photoacclimation; Behrenfeld et al., 2005).

2. Detection of long-term changes would require time series covering a period of at least 30 years, allowing with
such length of observations to have a robust identification of typical values to refer to (WMO, 2017).

Most previous studies based on the use of satellite CHL time-series with a reduced length had 
critical caveats for reliable climate change interpretations (Dutkiewicz et al., 2019)

Are oligotrophic waters really expanding? 

Are oligotrophic waters really expanding?
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Dataset

• ESA Climate Change Initiative (CCI) monthly dataset at 25 km resolution from 1998 to 2018

Monthly CHL  CCI 4.2 dataset at 4 km resolution.

Monthly optical backscattering coefficient (bbp; 443nm; in m-1)  computed from daily CCI Rrs 4.2 dataset at 4 km 
(Pitarch et al., 2020).

Monthly Secchi disk depth (zSD in m-1)  computed from daily CCI Rrs 4.2 dataset at 4 km resolution (Lee et al.,
2015; Pitarch et al., 2020).

Monthly SST CCI dataset at 25 km resolution computed from daily CCI SST dataset at 4 km resolution.

• Monthly MLD dataset at 25 km resolution from 1998 to 2018:

Mixed Layer Depth (MLD; in m) data were extracted from the ARMOR3D Level 3 reprocessed dataset
disseminated by the Copernicus Marine Service.
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Dataset

• ESA Climate Change Initiative (CCI) monthly dataset at 25 km resolution from 1998 to 2018

Monthly CHL  CCI 4.2 dataset at 4 km resolution.

Monthly optical backscattering coefficient (bbp; 443nm; in m-1)  computed from daily CCI Rrs dataset at 4 km 
(Pitarch et al., 2020).

Monthly Secchi disk depth (zSD in m-1)  computed from daily CCI Rrs 4.2 dataset at 4 km resolution (Lee et al.,
2015; Pitarch et al., 2020).

Monthly SST CCI dataset at 25 km resolution computed from daily CCI SST dataset at 4 km resolution.

• Monthly MLD dataset at 25 km resolution from 1998 to 2018:

Mixed Layer Depth (MLD; in m) data were extracted from the ARMOR3D Level 3 reprocessed dataset
disseminated by the Copernicus Marine Service.

All the dataset were re-mapped at 100 km resolution
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Threshold selection is critical

• CHL ≤ 0.1 mg m-3 +2.64% 
(0.13% per year)

• CHL ≤ 0.07 mg m-3 +7.58% 
(0.48% per year)

• CHL ≤ 0.04 mg m-3 +53.76% 
(8.08% per year)

Leonelli et al., (under review)

Area [km2] with CHL ≤ 0.04 mg 
m-3 +96.34% (21.63% per

year)
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Area [km2] with CHL ≤ 0.04 mg 
m-3 +96.34% (21.63% per

year)

The most ultra-oligotrophic waters (i.e., CHL ≤ 0.04 mg m-3) are the 
ones which experience the highest percentage of changes and need to 

be inspected
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Spatial expansion

Leonelli et al., (under review)
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Spatial expansion

Leonelli et al., (under review)

• Spatially, waters with CHL less than 0.04 mg m-3 are mostly
in the core of the gyre.

• From 1999 to 2018, the occurrences of such conditions
became more frequent with an average of four to five
monthly observations per year, reaching in some areas
peaks of 7-8 months per year.
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Spatial expansion

• Spatially, waters with CHL less than 0.04 mg m-3 are mostly
in the core of the gyre.

• From 1999 to 2018, the occurrences of such conditions
became more frequent with an average of four to five
monthly observations per year, reaching in some areas
peaks of 7-8 months per year.

Leonelli et al., (under review)

The ultra-oligotrophic regime that initially 
appeared as an infrequent condition by the 
end of the time series it occurs for half of 

the year on average and covers a wider area 
in the core of the NASTG
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Temporal variations

SST increasing around 0.8°C

Physiology and 
biomass changes 

(1998-2010)

Biomass changes decrease (2008-2012)

1998 2010 20182012

Physiology 
dominance (2012-

2018)

Leonelli et al., (under review)

D’Alelio et al. (2020)

Phytoplankton biomass changes (2008-2012)
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Take home messages

● Previously-published articles used CHL thresholds of 0.07/0.1 mg m-3 to define the oligotrophic regime but
since these limits do characterize the NASTG in all months, they do not allow observing the expansion of the
oligotrophic condition in the area, hence motivating to focus and analyze the most oligotrophic waters
characterized by CHL ≤ 0.04 mg m-3.

● In the last 21 years, the ultra-oligotrophic waters (CHL ≤ 0.04 mg m-3) shows a non-linear change pattern,
though overall expanding in space and increasing in frequency accounting for an area growth of around
96.34% and an increase of average monthly occurrences per year of 53.76% in correspondence of a marked
increase of SST and a deepening of the MLD.
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What’s next?

● Understand how ocean warming impacts the ocean biology of the NASTG along the 4D of the ocean,
thus coupling biogeochemical and physical variables (e.g. combination of long-term satellite data and
multi-years autonomous platforms observations such as Biogeochemical-Argo floats).

● Quantify and characterize the impact of the ultra-oligotrophic waters expansion on the biological
carbon pump (e.g. carbon exports) in the NASTG over the last decades.
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Thanks!
marco.bellacicco@artov.ismar.cnr.it
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