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Context




The nutrient-rich waters of the Amazon River support a large
phytoplankton production 3,4
The sinking fluxes resulting from this enhanced primary
productivity provide new pathways for carbon sequestration
which has been hypothesized to explain the observed
anomalously low pCO2 values in the areas influenced by the
plume 2,7



A modeling study

Research question

Fully coupled numerical modeling will allow us to unravel the
complex interplay between physical and biogeochemical
processes

How does the Amazon plume change
the biogeochemical cycles and
subsequently the sea-air CO2
exchange from the mouth of the
river to the open ocean?

Modeling objective
How to cope with the complexity of
biogeochemical processes in a highly
energetic marine environment?

We use the
UCLA-ETH version of
the Regional Oceanic
Modeling System
(ROMS) coupled with the
Biogeochemical Elemental
Cycling Model (BEC). The
setup has a telescopic grid
with an eddy-resolving
resolution at the mouth
of the river while
simulating the entire
Atlantic Ocean.
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Figure 1: Telescopic grid that spans the
Atlantic Ocean. The numbers indicate the
resolution
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The position and the strength of the
North Brazilian Current and the
Equatorial Counter Current
determine the pathways of the
plume. During winter and spring, a
northward flow dominates while in
late summer and fall, the ECC drives
part of the plume eastward. ROMS
reproduces the currents structure
(fig. 2). Nonetheless, some
discrepancies in the plume location
in ROMS still need to be addressed
(fig. 3).

Surface salinity fields
simulated by ROMS
averaged over 4
years after a 8 years
spinup for the month
of May (a) and
September (b). The
black line marks the
salinity of 35
threshold as the limit
of the plume. The
dotted line is the
limit of the plume in
satellite data (SMAP
2015-2016)
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Figure 2: Flow velocity in ROMS compared to drifter-derived climatology5, seasonal
averages for spring (left panel) and fall (right panel). Two main currents are identified:
North Brazilian Current (NBC) and Equatorial Counter Current (ECC)
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The nutrients delivered by the Amazon
induce substantial blooms (fig. 4). But in situ
measurements showed that the stochiometry
of the main nutrients change along the
plume: high rates of denitrification on the
continental shelf result in an off-shore plume
rich in silicic acid (SiO3), phosphate (PO4) and
iron (Fe) but poor in nitrate (NO3). These
conditions favor phytoplankton species that
can fix nitrogen (N2). The progressive
dominance of diatom-diazotrophassemablages (DDAs) which are large and
dense has been hypothesized to be the main
driver of carbon sequestration7.

Figure 4: Average cholorophyll concentration for the month of July
in satellite data (Globcolor 2015-2016) and limits of the plume
(dotted grey line – SMAP)

Research Outlook

Figure 5:
Profile of chl
concentration in July
of different
phytoplankton
classes simulated by
2 1D setups of
ROMS-BEC: one with
DDAs, one without
DDAs

To account for these changes in the ecosystems, BEC has been
augmented with a DDA class. First tests with a 1D-setup of ROMSBEC including the DDA class capture quite well the re-organisation
of the phyoplankton communities (fig. 5).
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