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Context

Many impacts :
- Fisheries
- Health (H2S)
- Coastal ecosystem
- Erosion
- Tourism
- …

Since 2011, huge sargassum mass strandings (Sargassum 
fluitans and Sargassum natans) have occurred in the wider 
Caribbean region and in West African countries



A large scale phenomenon / Large interannual fluctuations

Context



ANR FORESEA (2020-2023)
Two main objectives à Understand the phenomenon (drift, growth/mortality, variability)

à Seasonal forecasting

WP1
Remote sensing

WP2
Understanding the 
phenomenon (drift, 
growth, variability)

WP3  Seasonal 
forecasting

WP4 Regional 
downscaling around 

Martinique and 
Guadeloupe

CTM + RG
Not funded from 
summer 2021

ANR
Funded from summer 2020 
(part of the group received some support 
IRD, Ministère de la Transition Ecologique)

Context

TOSCA SAREDA (2018-2022)
à Detections AFAI MODIS (2002-present)



Context

Current available forecast : USF monthly bulletin (Hu et al. 2016)



Initialisation with remote sensing 
Sargassum detection observation

t0

t0+7 months

Guidelines 
à Consider uncertainties in observations and predicted ocean and 

atmospheric fields
à Evaluation/qualification of the forecasting performances

Objective : design a seasonal forecasting system

Investigate the predictability of the Sargassum seasonal events 



Key ingredients identified to represent Sargassum fluctuations 

Transport
currents Wang and Hu, 2017; Brooks et al., 2018; Putman et al., 2018, 2020, Johns et al. 2021
windage Putman et al., 2020; Berline et al., 2020
stokes drift Jouanno et al. 2021

Growth
solar irradiance Hanisak, 1983, Hanisak and Samuel 1987, Lapointe 1995
temperature   Carpenter and Cox 1974, Hanisak and Samuel 1987
salinity Hanisak and Samuel 1987
macronutrients (NO3,PO4, NH4) Lapointe 1986, 1995
nutrients stored in the tissues Lapointe et al. 1995, 2021

Some hypotheses/limitations :
- No discrimination  between morphotypes  

(Natans/Fluitans)
- No ageing 
- No inertial effect  (Beron Vera 2021)
- No N2 Fixation

Sargassum model

Mortality/Decay 
Senescence
Stranding



Numerical model 
Code NEMO-Sarg1.0 (eulerian approach)
Domain : tropical Atlantic 
Vertical : surface layer only (1m depth)
Resolution :  ¼°
Number of prognostic variables : 3 (C, N, P)
Other : no feedback to the biogeochemical model 

Jouanno et al., Geophys Model Dev (2021)
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scheme including nitrate and ammonium particles (Drugé et al. 2019) is included in ARPEGE-Climate, allowing us to produce 

fields of wet and dry deposition of nitrogen, ammonium and ammonia. Figure 2 illustrates that dust and nitrogen fluxes to the 125 

ocean are strong in our region of interest, and most particularly in the ITCZ region where atmospheric convergence may focus 

the wet fluxes. 

The modeled chlorophyll for year 2017 is compared with GLOBCOLOUR satellite estimates of chlorophyll for the same 

year (Figure 3a,b). Model NO3 and PO4 concentrations for 2017 are compared with historical in situ measurements (Figure 3c-

f) from the GLODAPV2 database (Olsen et al., 2016). The model reproduces the major chlorophyll structures and in particular 130 

the contrast between the oligotrophic subtropical gyre and productive coastal and equatorial upwellings (Figures 3a, b). As 

many other models (e.g., see the CMIP6 model evaluation by Seferian et al. 2020), it struggles to reproduce the offshore extent 

of the large river plumes and Guinea dome productivity. Moreover, coastal upwellings tend to be too productive offshore or 

downstream (for the equatorial upwelling). But above all, it represents realistically the chlorophyll distribution in the region 

of the ITCZ (~0-10°N) and in the Caribbean Sea. As observed, nitrate concentrations are high in the upwelling areas (Figures 135 

3c, d) but weaker than observed off these regions. It is worth noticing that historical observations of surface nitrate 

concentrations in the tropical band show very heterogeneous and contrasted values between cruises, so the reliability of a 

nitrate climatology in this area remains uncertain (Figure 3c). The model reproduces realistically the observed interhemispheric 

gradient of surface phosphate concentrations even though it likely overestimates areas of high phosphate contents (Figures 3e, 

f). 140 

3.2 The Sargassum model NEMO-Sarg1.0 

The Sargassum model relies on the strategy used to represent the distribution of other macroalgae species (e.g., Martin and 

Marques 1993, Solidoro et al. 1997, Perrot et al. 2014 or Ren et al. 2014). At the difference of these previous works, we also 

consider transport by 2D advection/diffusion equations and sink due to stranding at the coast. Growth is modeled as a function 

of internal reserves of nutrients, dissolved inorganic nutrients in the external medium, irradiance and sea temperature. As the 145 

eco-phycological features are species dependent, the actual knowledge on the three morphotypes of holopelagic Sargassum 

does allow to discriminate between them. Following the formalism given in Ren et al. (2014), the physiological behavior is 

described from three state variables: the contents in carbon (C), nitrogen (N) and phosphorus (P), with local variations 

reflecting the difference between uptake and loss rates.  

 150 
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where UC, UN and UP are the uptake rates of carbon, nitrogen and phosphorus respectively, and ΦC, ΦN, ΦP the loss rates.  155 

The rate of carbon uptake reads as follows: &$ 	= " ∙ 	,%&' ∙ -[/] ∙ -[1] ∙ -[23] ∙ -[24]	, with ,%&'  the maximum net 

carbon growth rate, and the four subsequent terms standing for uptake limitation by temperature (T), solar radiation (I), N-

quota (Qn), and P-quota (Qp), respectively. N and P quotas represent the ratios of nitrogen and phosphorus to carbon in the 

organism and are computed as N/C and P/C respectively. The C content (C) can be directly converted to dry biomass 

considering a mean carbon to dry weight ratio of 27% (Wang et al. 2018). 160 

The temperature dependence is adapted from Martins and Marques (2002):  
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with {/' = /%23	-9:	/ ≤ 	/./0	; 	/' = /%&'	-9:	/ > /./0>	 . Topt is the optimum temperature at which growth rate is 

maximum, Tmin is the lower temperature limit below which growth ceases, Tmax is the upper temperature limit above which 

growth ceases. Such function aims at representing a broad optimal temperature range as suggested by experiments in Hanisak 

and Samuel (1987). The dependence to light follows the function given in Martins and Marquez (2002) with photoinhibition 

at high light: 170 
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We have very few information on the response curve relating the nutrient quota to Sargassum growth but experiments for 

brown seaweeds suggest hyperbolic relationship (e.g., Hanisak 1983). So, the dependence to the internal nitrogen and 

phosphorus pools are computed as a hyperbolic curve controlled by the minimum and maximum cell quota: 175 
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The nitrogen and phosphorus uptake rates depend on the nitrogen (VNmax) and phosphorus (VPmax) maximum uptake 180 

velocities, a Monod kinetic that relates uptake to nutrient concentrations in the water, and a function of quota which aims at 

representing downregulation of the transport system for N and P when approaching the maximum quotas (Lehman et al. 1975):  
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where (uNEMO,vNEMO) are the horizontal velocity obtained from the physical-biogeochemical model, GI23  is a windage 

coefficient, (u10m, v10m) the components of the wind field at 10m above the sea level, (ustokes,vstokes) the stokes velocity, and Kh 

a diffusion coefficient.  

3.3 Optimization and sensitivity experiments 220 

The model simulations are performed for year 2017 because basin scale Sargassum fractional coverage observations from 

MODIS were available (Berline et al. 2020), with concurrent observations carried out during two cruises in the Tropical 

Atlantic (Ody et al. 2019). 

3.3.1 Initialization  

The simulations are initialized using January Sargassum mean fractional coverage, converted into dry weight biomass 225 

considering a surface density of 3.34 kg/m² and then into carbon content C considering a mean carbon to dry weight ratio of 

27% (Wang et al. 2018). The initial N and P contents in Sargassum are derived from the initial C content and N- and P- quotas 

computed as the averaged values between their respective minimum values (QNmin, QNmin) and maximum values (QNmax, QNmax). 

The transport is forced by daily velocities from TATL025BIO simulations (see Section 3.1), 3-hours winds from the DFS5.2 

dataset (Dussin et al. 2016) and stokes velocities from the ERA5 reanalysis. Daily temperature, available irradiation, and 230 

Langmuir depth were also obtained from TATL025BIO. The seawater concentrations in [N] and [P] were obtained from 

TATL025BIO as the sum of NO3 and NH4 for [N], and PO4 for [P], in the top surface layer.  

3.3.2 Ensemble strategy 

The Sargassum model is controlled by a large number (n=18) of physiological and physical parameters for which large 

uncertainties exist or most often have not been measured for the Sargassum species considered here. An ensemble approach 235 

has been adopted to adjust the set of parameters. We produced 10 000 sets of parameters with uniform distribution obtained 

from latin hypercube sampling with multi-dimensional uniformity (Deutsch and Deutsch, 2012). These sets of parameters are 

generated on ranges of values obtained from the literature, when available (Table 1). 

The range of maximum growth rate is derived from Lapointe et al. (2014) who observed maximum growth rates of 

Sargassum fluitans and Sargassum natans in neritic waters between 0.03 and 0.09 doubling d-1. The set of parameters for 240 

temperature limitation is mainly derived from the results of Hanisak and Samuel (1987). In particular, the Tmax range (40-

50°C) is chosen to have a slight decrease of the limitation term at T>Topt as observed in Hanisak and Samuel (1987). The N- 

and P-quota are based on the observations by Lapointe et al. (1995) from which we can estimate that in average C/N ratio vary 
8 
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Sargassum model



Atmosphere (irradiance, winds)
à SEAS5 - seasonal forecasting ensembles from ECMWF
à integration from t0 to t0+7 months
à 25 members
à available the 15th of the month

Ocean (temperature, salinity, currents)
à ensembles of regional NEMO simulations at ¼ forced with SEAS5 

and initialized with GLO12 - MERCATOR analysis (LEGOS)
à 25 members  / monthly initialisation

Biogeochemistry (NO3, PO4, NH4)
à No forecast available 
à use of climatologies computed from MERCATOR-biomer4v2r1 simulations (2008-2021)

Forcing



à Sargassum biomass obtained from MODIS AFAI index (Wang and Hu 2016)  
à daily quasi near-real time production (t+2days) at ICARE (Berline and Descloitres 2021)
à False detection filtering 
à monthly averages centered on the 1st of each month

Initialisation



Modis observations Forecast (ensemble mean)

Evaluation in reforecast mode

Fev 2020

Jul 2020 Jul 2020

Fev 2020

Reforecast of the period Jan 2012 to Dec  2021 :
- we place ourselves in the same conditions / constraints as for the forecast
- ensemble of Sargassum simulations (25 members), integrated 7 months forward

Exemple  : reforecast initialized 1st of January 2021



Evaluation in reforecast mode
2.5-month lead 4.5-month lead 6.5-month lead 



Evaluation in reforecast mode

Skill of the forecast evaluated using Anomaly Correlation Coefficient (ACC) for the 
period 2012-2022.

• à where the forecast performs better an observationaly based climatology

Skill of the forecast



Evaluation in reforecast mode

Skill depends on :
à target regions

high for the Lesser Antilles / Caribbean /lower for the West African coast 
à initialization time

weaker predictability for initialization in Sept-Oct-Nov



Conclusions/Perspectives

Labelisation of the system by the Space Climate Observatory (SCO)
Full operationalisation of the system : SESAM project (2023-2025; IRD-MERCATOR-CLS)
à Improved initialisation using MODIS, OLCI, S2 and GOES operational detection 

produced at CLS
à Integration of the system at MERCATOR

à Progess on Sargassum physiology  (ANR FORESEA et ANR BIOMASS)
à Data assimilation (EnKF) to account for uncertainties in observations/model  (Rachid 
Benshila, LEGOS)
à Seasonal forecast of macronutrient concentrations 

Improvement of the model and forcings 

Use of CNN to 
reconstruct surface 
nutrients from 
EcMWF physical 
forecast
(G. Martinez, LEGOS) 



Thanks !

https://sargassum-foresea.cnrs.fr/sargassum-forecast/


