
J. Jouanno (IRD, LEGOS)

Collaborators : F. Durand, M.H. Radenac, C.K. 
Tchamabi, M. Gevaudan, P. Giffard, W. Llovel, O. 

Aumont, L. Berline

Meeting HYBAM – September 2019

The Amazon 
River seen from

the Ocean



Orinoco
(35000 m3/s)

Amazon
(210000 m3/s)

Congo+Niger
(42000 + 6500 m3/s)

Sierra Leone 
rivers

The tropical Atlantic receives the three world’s largest rivers 

20% of the worldwide runoff

A synoptic influence on the upper ocean salinity

Sea Surface Salinity observations by satellite (SMOS)



100000 m3/s

ENSO 
index

Amazon 
(Obidos, 
Hybam)

• Land use / urbanisation / dams

Latrubesse, Nature, 2017

Variability at the river-end of: 
- freshwater flux 
- nutrients
- contaminants (e.g. plastics) 

Large tropical rivers are sensitive to climate variability and 
anthropic pressure

• Seasonal and interannual variability

250000 m3/s
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Impacts of the Tropical rivers 
(mean, variability, changes) on the ocean ?

• Ocean dynamics and regional climate

• Biogeochemistry – biology

• Contamination

Which : 
ü Tools ?
ü Useful hydrological data used by the oceanographers ? 
ü Missing information ?



Overview of the different 
impacts of the Amazon 

river on the Tropical 
Atlantic Ocean
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Sea Surface 
Salinity

Modulation of the sea surface temperatures and heat content
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Sea Surface 
Temperature



1. Large density gradient between the plume and subsurface waters
→ Limits the vertical mixing and maintains the warm waters at the surface 
[e.g., Pailler et al. ,1999, Foltz et al. 2009, Balagaru 2012]

2. Phytoplankton and dissolved organic matter 
→ Capture the solar radiation in the upper meters

[Murtugudde et al, 2002, Newinger and Toumi 2015]

Mechanisms

Panache

Sea Surface 
Temperature
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Modulation of the sea surface temperatures and heat content



Possible impact on Tropical Cyclone intensification

Ffield [2007] observed that 68% of all category 5 Atlantic hurricanes during the 1960-2000
time period passed directly over the historical region of the plume

→ Amazon and Orinoco : active players of TC intensification in the region ?

Ffield [2007]

1960-2000 tropical storms and hurricanes paths
Historical region of the plume

Hernandez et al. (2016), Thèse M. Gevaudan



Impact on regional sea level

4 Results

4.1 Mean State of Sea Level
To investigate the contribution of the Amazon River discharge to the mean-state of re-
gional sea level, we compute the di�erence between the reference simulation and the
simulation without Amazon runo� (REF minus NOAMZ) averaged over the period 1993-
2015. Anomalies, i.e. di�erences between REF and NOAMZ are shown for surface salinity,
surface currents and sea level in Figure 8. As expected, the regional SSS is lower with
Amazon runo� in a large region (Figure 8a). The main anomaly reaches the Caribbean
Archipelago with values greater than 1 PSU 3000 km away from its mouth, but anomalies
are also observed in the Caribbean Sea, in the Gulf of Mexico, and in the retroflection
area of the NBC. A response of the surface currents is also noticed, overlapping the low-
salinity plume and strengthening the North Brazilian Current. It is strongest in the first
200 km to the north of the river mouth with values exceeding 0.7 m.s≠1.

Figure 8: Amazon runo� contribution to the mean-state of oceanic surface variables: (a) SSS (PSU,
color) and surface currents (m.s≠1, arrows) and (b) Mean Dynamic Topography (cm). The purple
rectangle is the box used to compute area averaged diagnostics. Averages have been performed over the
period 1993-2015.

Near the Amazon mouth, the MDT is up to 11 cm greater with Amazon runo� than with-
out (Figure 8b). More interestingly, the discharge impacts the whole Caribbean region
with anomalies of 5 cm in a large area including the Lesser Antilles and Puerto Rico,
and a mean contribution of 3.3 cm in the diagnosis box. The Loop Current (near 85°W,
25°N) is known to episodically shed eddies towards the Gulf of Mexico. It presents large
steric sea level anomalies that have a temperature origin (see Figures 9a and 9d). These
anomalies may only be a consequence of the stochasticity of the Loop Current system.
Therefore, we think the sea level anomaly detected is not directly linked to the Amazon
runo� and it is not relevant to investigate it in this study.

It is noticeable that the SSS pattern is not superimposed with the MDT pattern. This
reveals that SSS anomalies do not directly explain the distribution of the MDT anomaly
o�shore. Vertical distributions of heat and salt contents need to be considered.
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• The Amazon contributes to elevate the regional sea level (mainly through halosteric 
effect)                       > 10 cm near the mouth 

> 5cm in the Caribbean Sea

• How much the Amazon variability/changes contributes to regional sea level variability ?

Mean sea level contribution of 
the Amazon river [in cm] Giffard 
et al. (in prep for Waters)



• CO2 sink (e.g. Subramaniam et al. 2008)
• Ecosystem structuration
• Feedback on the physics 

(modulation of the penetrative solar radiation)

The Amazon plume: a highly productive environment



Proliferation of Sargassum in the Tropical Atlantic since 2011

MODIS 
Sargassum
Observation
MODIS (
L. Berline, A. 
Ody, MIO)

à Recent studies raised a possible role of the Amazon in the increase of the 
Sargassum biomass (e.g., Djakoure 2017, Hu et al. Science 2019)

River plume may favor
a productive environment :

Wang et al., Science 365, 83–87 (2019) 5 July 2019 2 of 5

Fig. 1. Sargassum distributions in the Gulf of Mexico and the Atlantic Ocean. (A) Monthly mean Sargassum areal coverage in the Caribbean Sea
and the central Atlantic Ocean, with a maximum of ~ 6000 km2 or >20 million tons in June 2018. The year mark starts from January. (B) Monthly mean
Sargassum density (% cover) in January, April, July, and October of 2011–2017 after excluding the nonbloom year of 2013. (C) Monthly mean Sargassum
density for the month of July from 2011 to 2018. The GASB is observed in all years except 2013.
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Hu et al. (2019)

- Large nutrient input 
- High stratification
- Among the warmest waters of the Tropical Atlantic

2011



Nitrate and Phosphate anomalies from 
Djakoure et al. (2017), Araujo et al. 

(2014) estimated from on a statistical 
model and function of river runoff and 

population

Proliferation of Sargassum in the Tropical Atlantic since 2011
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Fig. S4. 
Observations of the potentially enhanced nutrient supply in recent years in both Central 
West Atlantic and Central East Atlantic. (A) The total Amazon forest loss since 1970. (Data 
only include the Brazilian Amazon, based on estimates provided by the Brazilian National Institute 
of Space Research and the United Nations Food and Agriculture Organization, downloaded at 

Wang et al. 2019
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Fig. S4. 
Observations of the potentially enhanced nutrient supply in recent years in both Central 
West Atlantic and Central East Atlantic. (A) The total Amazon forest loss since 1970. (Data 
only include the Brazilian Amazon, based on estimates provided by the Brazilian National Institute 
of Space Research and the United Nations Food and Agriculture Organization, downloaded at 

Major argument : increase in the nutrient supply from the Amazon River

à But (to my knowledge) no direct measurements to confirm such changes



Proliferation of Sargassum in the Tropical Atlantic since 2011

How can this be reconciled with a possible increase of N and P amazon load (as 
estimated by Araujo et al., Wang et al. 2019) ?

Decrease of [chl] in the Amazon plume area in the recent years  (consistent between 
different ocean color products)

à Knowledge gap on the riverine flux of nutrient and ongoing changes of these fluxes

[2011/2018] – [2001/2010]
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8 ABSTRACT: The release of emerging organic contaminants
9 is identified among the most critical hazards to the marine
10 environment, and plastic additives have received growing
11 attention due to their worldwide distribution and potential
12 deleterious effects. Here, we report dissolved surface water
13 concentrations of two important families of plastic additives
14 (organophosphate esters (OPEs) and bisphenols) and other
15 related organic compounds (perfluorinated chemicals) meas-
16 ured in the North Atlantic from Cape Verde to the West
17 Indies. We found that OPEs were the most abundant
18 contaminants, reaching remarkably high concentrations in
19 open ocean waters (1200 km offshore of the American Coast,
20 at the location of the Amazon river plume during the sampling
21 period), with up to 1.3 μg L−1 (Σ9OPEs). A Lagrangian analysis confirmed that these high concentrations of contaminants
22 originated from the Amazon River plume and were transported more than 3000 km by the North Brazil Current and its
23 retroflection. We thus consider the Amazon River as a major source of organic contaminants of emerging concern to the tropical
24 North Atlantic Ocean and suggest that medium-/long-range contaminant transport occurs, most certainly facilitated by the
25 highly stratified conditions offered by the river plume.

26 ■ INTRODUCTION
27 Over the past few decades, the dramatic increase in plastic and,
28 more generally, chemical production volumes has led to the
29 widespread occurrence of organic contaminants in all water
30 bodies, including marine environments and numerous living
31 organisms.1 Organophosphate ester (OPE) flame retardants
32 and plasticizers are among the most common organic plastic
33 additives, representing up to 7% by mass of global plastic
34 production.2 The most important OPE by production volume
35 is tris(2-chloro, 1-methylethyl) phosphate (TCPP).3 Although
36 the occurrence of OPEs in indoor and outdoor air, freshwater
37 environments, sediments, and soils is relatively well-docu-
38 mented,4−7 there are still many open questions concerning the
39 distribution and fate of OPEs in the marine environment.
40 OPEs have been reported as persistent, bioaccumulative, and
41 toxic.5 While most research focuses on Asia (mainly
42 China),8−10 and Europe11−13 and some focuses on North
43 America,14−16 no data for South American rivers, lakes or
44 coastal areas are available to date to the best of our knowledge.
45 Bisphenols (BPs), known for their endocrine-disrupting
46 properties, which have led to various national and international
47 bans and regulations, are still used in the production of thermal
48 paper, plastic bottles and food can linings, among other
49 items.17,18 Bisphenols have been detected in sediment and
50 seawater samples19,20 as well as in the atmosphere, where the

51presence of bisphenol A (BPA) has been linked to plastic
52burning.21 Perfluorinated compounds (PFCs) have water- and
53oil-resistant properties and therefore are used in outdoor
54textiles and food packaging as well as in fire-fighting foams.22,23

55PFCs are very resistant to heat and chemicals, which qualifies
56them as persistent pollutants in the environment. Perfluor-
57ooctanesulfonic acid (PFOS) and PFOS precursors have
58therefore been listed as persistent organic pollutants (POPs)
59under the Stockholm Convention.24 PFCs have been detected
60in remote regions, such as the Central Arctic Ocean,25 and the
61most oligotrophic areas of the subtropical Atlantic, Pacific, and
62Indian oceans26 as well as in coastal waters.27 The main source
63of PFCs in the marine environment is river inputs.28

64To study their waterborne occurrence and possible sources
65in the tropical North Atlantic Ocean, surface seawater samples
66were collected in October 2017 at 14 coastal and open ocean
67stations (Table S1) during the Transatlantic Sargassum
68expedition (https://doi.org/10.17600/17016900) on the M/
69V Yersin from Cape Verde to Martinique Island (Lesser
70Antilles) along 6000 km. Seawater samples were analyzed for
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M.I.O. Transatlantic Sargassum
expedition in 2017

Sampling of plastic additives : 
organophosphate esters
bisphénol, PFC (bio-accumulative 
and toxic)

The Amazon River : a major source of organic plastic additives 
to the Tropical North Atlantic? 

à Show that medium-/long-range contaminant transport occurs, most certainly 
facilitated by the highly stratified conditions offered by the river plume.

à Consequences for  ecosystems  ?

Schmidt et al., Env Sci and Tech. (2019)



Which : 
ü Tools ?
ü Useful hydrological data used by the oceanographers ? 
ü Missing information ?



Ocean Color and Sea Surface Salinity 
observations allow to partially map 
the extent and variability of the 
plume over the last decade

Modelling is required to investigate 

- plume dynamics
- areas under influence of the 

Amazon waters 
- processes controlling the 

variability 
- projections 
- Etc… 



Atmospheric Forcing – ERAi
or coupling with WRF

Ocean physics - NEMO Ocean biogeochemistry PISCES

Modelling the Amazon plume

River input

Typical integration periods : 
1979-2017 for intermediate resolution (~25km)
2005-2017 for high resolution (~2km)   

Lateral boundary
conditions MERCATOR



• Fine scale processes on the shelf 
(fronts, tides)

• Mesoscale dynamics in the 
retroflection area, TIWs

• Basin scale dynamics (MOC, 
equatorial variability)

à e.g. Tides influence the 
position and properties of the 
plume far off-shore (Ruault et 
al., submitted JGR )

SSS (with tides) SSS (without tides) SSS difference

Modelling the Amazon plume



Forcing the Amazon plume 
Physics : volume flux, temperature

- Dai and Trenberth seasonal climatology
- HYBAM Obidos (+GRDC,ONS for the river end),Orinoco, Congo
- ISBA-CTRIP (Decharme et al. 2019)

Biogeochemistry : N, P, C (organic and inorganic), Alkalinity, Si, Fe
- GLOBAL-NEWS2 data sets (Mayorga et al., 2010) 
- Global Erosion Model (GEM) of Ludwig et al. (1996) for DIC and alkalinity
- Amazon forcing corrected/adjusted with scarce in-situ observations(Demaster and Pope 1996, Doherty 

et al. 2017, Richey et al. 1991)

à Large uncertainties on  - the average concentrations
- lability of the organic material     
- seasonal and interannual variability (at the exception of Moreira-Turcq 2003)



Figure 1: Atlantic Tropical climatologic SSS [PSU] for months of June and September
during the period May 2010 - February 2017. Comparison between Model (left), SMOS
observations (center) and di�erence between model and observations (right).

For both months, main patterns are well represented by the model, such as the Amazon
and the Orinoco plumes characterised by low salinity anomalies. We notice that the
di�erence between model and observations is lower than 1 PSU for the major part of the
map, except areas where the patterns are not exactly superimposed (right side of Figure
1). For instance, in the region near (55°W,10°N), the model SSS is lower than the SSS
observed (see blue region).

Sea Surface Height

To validate the model SSH, we use the Climate Change Initiative (CCI) product released
in 2017 for the period 1993-2015 (see Legeais et al. 2018). Firstly, we compare regional
mean sea levels (RMSL), which are the mean sea levels in the area. We calculate the
trend applied to the signal removed of its seasonal component. With the CCI product
we find a regional trend of 3.02 mm.year

≠1. Our model is not able to reproduce this
trend because of approximations made in the boundary conditions. However, thereafter
we remove at each point the RMSL trend in order not to deal with this component.

We also compare regional trends (trends at each points), seasonal variability (stan-
dard deviation of the seasonal signal) and interannual variability (standard deviation of
the detrended annual signal). In each case, main patterns are reproduced despite some
di�erences in magnitude. Look at Figure 2 for interannual variability comparison. The
patterns visible in the observations are well represented by the model. However, variabil-
ity is underestimated by the model in the north-west of the area, and the strong variability
seen in the observations at the Amazon mouth doesn’t appear in the model.

Intermediate Report 3/5

Mean, seasonal and interannual variability of the plume well represented
à Physical hydrological forcing is well constrained

influence of the Amazon in terms of sea level. Model and observation SSS seasonal cycles
are close, but the model is one month in phase advance with respect to the observations
(Figures 6c and 6d). The model properly simulates SSS interannual variability in this
area, although it overestimates some peaks.

Figure 6: Time-mean SSS from SMOS satellite (a) and from model (b). Seasonal (c) and interannual
(d) variability of SSS averaged from 50°W to 74°W, and from 11°N to 26°N (purple rectangle shown in
a and b). Units are in PSU. The considered period for time-mean and seasonal cycle is 2010-2017.

3.5 Sea Level Validation
To validate the model sea level, we use CMEMS data for the Mean Dynamic Topography
and the CCI product for sea level anomalies. Trends and seasonal cycles are removed
from interannual sea level series. The model reproduces with accuracy the MDT spatial
distribution and magnitude, which demonstrates its capacity to simulate the regional cir-
culation (Figures 7a and 7b). However, sea level gradients are slightly stronger in the
model than in the observations in the Caribbean Sea, suggesting a too large transport by
the Caribbean Current.

Main features of both seasonal and interannual variabilities are quite well simulated, de-
spite some di�erences in magnitude (Figures 7c and 7d). Observed sea level presents
strong seasonal variations in the north-western part of the studied area, reaching 7 cm
in the Gulf of Mexico and around the Gulf Stream (standard deviation of monthly time
series). There are two other noticeable patterns of high variability at (57°W, 12°N) and
around (40°W, 5°N). Sea level presents very little seasonal variations in the south hemi-
sphere. The model properly simulates patterns in the Gulf of Mexico, around the Gulf
Stream and at (57°W, 12°N), but the pattern at (40°W, 5°N) presents too little magnitude
and does not extend su�ciently to the east.
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Representation of the plume



Representation of the « green » freshwater plume

MODEL

OBS OBS

MODEL



Conclusions

The Amazon river is a major contributor to the functioning of the Tropical 
Atlantic Ocean

Physical hydrological forcing relatively well constrained (despite missing 
information near the river-end, or temperature information)

Challenge in understanding/representing the biogeochemical variability of 
the Amazon plume 
à Improve our representation of the biogeochemical process in the open ocean (e.g. 

diasotrophy) and on the shelf
à Improve the biogeochemical forcing delivered by the Amazon (mean value, 

seasonal cycle, impact of floods, etc…)


