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Abstract: Sargassum strandings have become recurrent along the northern Gulf of Guinea (n-GoG) and are reported in the 

literature as having significant societal impacts, particularly on fisheries. However, persistent cloud cover limits satellite 

monitoring, complicating efforts to study the phenomenon. We combine satellite-derived observations, NEMO-Sarg 

simulations of transport, growth and stranding, and Lagrangian trajectories to identify the seasonal pathways and interannual 

controls of coastal arrivals during 2010–2024. Both observations and the model reveal a semiannual cycle, with coastal maxima 10 

in March–May and September–November. In both seasons, biomass is supplied mainly from the eastern tropical Atlantic (e-

TA) rather than by local growth. Spring events are linked to biomass retained off Guinea and Sierra Leone during winter, 

together with an additional lower-latitude pool, whereas autumn events result from a larger upstream accumulation near the 

Intertropical Convergence Zone (ITCZ). Transport occurs through the North Equatorial Countercurrent (NECC) and Guinea 

Current (GC), with an advection time of two to three months between the e-TA and the n-GoG. After passing south of Cape 15 

Palmas, southerly winds drive Sargassum shoreward and help maintain it north of the Equator. Without windage and Stokes 

drift, Sargassum remains embedded in the Guinea Current, spreads farther across the Gulf and partly recirculates through the 

South Equatorial Current, potentially favouring wider proliferation. Stranding removes nearshore biomass and limits its 

persistence. Interannual variability depends on both upstream biomass supply and its position relative to Cape Palmas, 

especially in autumn. Both are linked to the Atlantic Meridional Mode, with negative phases shifting biomass southward and 20 

enhancing eastward transport into the n-GoG. These results provide a process-based framework for interpreting sparse 

observations and improving seasonal risk assessment and coastal preparedness in West Africa. 

1 Introduction 

Pelagic Sargassum has become a major oceanographic and societal issue in the tropical Atlantic. Since 2011, large strandings 

have been documented in the Caribbean and Gulf of Mexico (Franks et al., 2012; Jouanno et al., 2025a; León-Pérez, et al., 25 

2021), along the Brazilian coast (Amorim et al., 2025; Sissini et al., 2017), and on West African shores (Sowah et al., 2022).  

These events involve the two holopelagic species Sargassum natans and Sargassum fluitans, both historically associated with 

the Sargasso Sea (Carpenter and Cox, 1974; Niermann, 1986). Over the past decade, however, persistent populations have also 

proliferated in the tropical belt, forming the Great Atlantic Sargassum Belt (GASB), which extends from West Africa to the 
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Caribbean and Gulf of Mexico (Wang et al., 2019). The GASB is considered the main source of the recurrent mass strandings 30 

affecting Caribbean coastlines.  

 

Figure 1: Seasonal schematic of the principal surface-circulation features, Sargassum distribution, and analysis domains in the tropical 

Atlantic. Panels show the 2015–2024 mean conditions during (a) early summer (April–June) and (b) late summer (July–September). Blue 

shading represents GLORYS surface-current speed, while black vectors indicate the mean ERA5 10 m wind direction. Thick blue arrows 35 
schematically highlight the main circulation pathways, including the North Equatorial Current (NEC), North Equatorial Countercurrent 

(NECC), northern and central branches of the South Equatorial Current (nSEC and cSEC), North Brazil Current (NBC), Guinea Current 

(GC), and Canary Current (CC). The purple contour and stippling indicate the seasonal extent of the Great Atlantic Sargassum Belt (GASB), 

derived from MODIS observations. In panel (a), coloured boxes delimit three fixed analysis domains: the eastern tropical Atlantic (e-TA; 

green; 25° W–7.5° W, 0–7° N), the Cape Palmas gateway (CP; magenta; 8.5° W–7.5° W, 2–7° N), and the northern Gulf of Guinea region 40 
(n-GoG; red; 7.5° W–7° E, 2–7° N). 

Stranding events are now frequent and widespread and are considered a new natural hazard for tropical Atlantic coasts (e.g., 

Bernard et al., 2021; Jouanno et al., 2025b). Although floating Sargassum provides habitat and nursery grounds for many 

species (Witherington et al., 2012), its impacts at the coast are largely negative. Accumulated biomass depletes oxygen levels, 

degrades water quality, and harms seagrasses and corals (van Tussenbroek et al., 2017); during decomposition, stranded 45 

biomass also emits hydrogen sulfide and ammonia, potentially causing respiratory irritation, headaches, nausea, and other 
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neurological symptoms in exposed populations (Resiere et al., 2018). In Mexico in 2018, more than 70 species died and water 

quality deterioration extended hundreds of meters offshore (Rodríguez-Martínez et al., 2019). At the same time, interest is 

growing in the use of this biomass for fertilizer, animal feed, biofuels, construction blocks, and bioplastics, although variable 

supply, logistical constraints, and compositional variability remain major challenges (Azcorra-May et al., 2022; Chávez et al., 50 

2020; López Miranda et al., 2021; Maneein et al., 2021; Milledge and Harvey, 2016;  Robledo et al., 2021; Thompson et al., 

2020). 

In West Africa, stranded biomass is estimated to be lower than in the Caribbean (Jouanno et al., 2025b), but documented 

quantities remain substantial and cause significant nuisance. A regional review further documents the ecological, socio-

economic and health impacts and highlights the limited adaptive capacity and fragmented management responses (Saba et al., 55 

2025). Reported impacts include foul odors, clogged fishing nets, reduced fish catches, and engine failures. Tourism and small-

scale fisheries are especially vulnerable, and cleanup costs are high for governments (Atiglo et al., 2024).  

The emergence of the North Equatorial Recirculation Region (NERR) as a key reservoir of the seasonal Sargassum 

proliferation has been documented by satellite since 2011 (Gower et al., 2013) and is now considered central to the GASB 

system (Johns et al., 2020; Jouanno et al., 2021, 2025a; Wang et al., 2019). The cause of the post-2011 proliferation remains 60 

debated. One hypothesis is that circulation anomalies associated with the extreme 2009–2010 North Atlantic Oscillation 

transported Sargassum from the Sargasso Sea into the tropical Atlantic (Johns et al., 2020; Jouanno et al., 2025a). A recent 

source-inversion study instead identified coastal West African waters as the most likely origin of the first major 2011 tropical 

Atlantic bloom (Beron-Vera et al., 2026). Once aggregated along the Intertropical Convergence Zone (ITCZ) in the tropical 

Atlantic, Sargassum is transported mainly by currents and wind drift toward the Caribbean (Putman et al., 2018, 2020;  Brooks 65 

et al., 2018).  It also recurrently reaches West African coasts, including the northern Gulf of Guinea (n-GoG) (Fidai et al., 

2025). 

Despite these impacts, research in the eastern tropical Atlantic (e-TA) and n-GoG remains sparse compared with the Caribbean. 

As of 4 August 2026, only 23 of the 676 records dated 2010 or later in the CERMES Sargassum Reference Repository were 

tagged “West Africa” (3.4%; CERMES, 2026) closely matching the proportion previously reported by Atiglo et al. (2024). 70 

Existing studies nevertheless allow us to map the extent of the affected coastline (Figure 2). Chemical and morphological 

analyses of beached biomass in Ghana and Nigeria have confirmed the presence of mixed populations of S. natans and S. 

fluitans (Addico and deGraft-Johnson, 2016; Oyesiku and Egunyomi, 2014). Surveys in Nigeria indicated that arrivals 

coincided with the rainy season (May-August), suggesting a link with monsoon dynamics (Solarin et al., 2014). Satellite-based 

detection along the coast from Sierra Leone to Nigeria between 2011 and 2016 confirmed the recurrence of nearshore 75 

aggregations, although cloud cover associated with the ITCZ hampered the analysis (Adet et al., 2017). Reported influx 

severity varies regionally: Ghana, Nigeria and Côte d’Ivoire are most frequently described as heavily impacted, whereas Benin 

is rarely documented (only DGEC and MCVDD, 2020). The recent synthesis by Fidai et al. (2025) provided the first systematic 

attempt to characterize seasonal and interannual variability of Sargassum influxes in the e-TA, including the GoG. Their results 
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revealed peaks in September and in March-May, demonstrating that the regional seasonality differs from the well-established 80 

boreal spring-summer peak observed in the Caribbean. They also highlighted contrasting views on transport pathways: some 

authors argue for input from the Amazon plume and western sources, whereas others suggest export from the GoG itself toward 

the tropical Atlantic (Brooks et al., 2018; Fidai et al., 2025; Franks et al., 2016; Gobert et al., 2025). These findings underscore 

that, although Sargassum has become a regular feature of West African coasts, its seasonal cycle, variability, and drivers 

remain poorly understood compared with those of the western basin. 85 

We investigate when and why Sargassum reaches the n-GoG and identify the physical and biogeochemical conditions 

associated with unusually strong coastal events. We combine 1/12° NEMO-Sarg simulations (Jouanno et al., 2021) with 

Lagrangian trajectories computed using Parcels (Delandmeter and Van Sebille, 2019). Sect. 2 describes the satellite product, 

numerical model, and analysis methods. Sect. 3 first evaluates the simulations against previous studies and remotely 

sensed Sargassum distributions. Backward Lagrangian analyses are then used to identify the main source regions and quantify 90 

transport times toward the Gulf of Guinea. The mechanisms controlling the seasonal cycle and interannual variability 

of Sargassum arrivals are subsequently investigated by relating the NEMO-Sarg modelled distribution to environmental 

forcing and through a suite of sensitivity experiments. Sect. 4 discusses the physical mechanisms underlying the modelled 

variability, together with the main limitations of the study, and Sect. 5 summarizes the principal conclusions and their broader 

implications. 95 

2 Data and methods 

2.1 Satellite-derived Sargassum fractional cover data 

We used daily Sargassum fractional cover (FC) fields for January 2010-December 2024 from the AERIS/ICARE database 

processed by Descloitres et al. (2021). We did not perform a new Sargassum retrieval or detection in this study. The product 

is derived primarily from the Moderate Resolution Imaging Spectroradiometer (MODIS) aboard NASA's Aqua and Terra 100 

satellites. The processing applies ocean-colour atmospheric correction, cloud and sun-glint screening, contextual filtering of 

false detections, and coastal masks. FC is the dimensionless fraction of the ocean surface within a pixel covered by floating 

Sargassum; it is an areal-coverage metric, not a direct measurement of volume or wet mass. The underlying MODIS 

Alternative Floating Algae Index (AFAI) approach was evaluated against concomitant 20 m observations from the Sentinel-2 

Multispectral Instrument (MSI), with coefficients of determination of 0.53–0.69 across three study sites and regression slopes 105 

not significantly different from unity. The detection threshold adopted in the retrieval was previously reported to capture 

approximately 95% of Sargassum-containing pixels (Wang and Hu, 2016). Daily retrievals were averaged to weekly and 

monthly means on a 0.25° grid. We retained the number of valid daily observations per grid cell and month as a sampling-

quality indicator. Cloud, sun glint, land adjacency, shallow water, suspended sediments, and coloured dissolved organic matter 

can reduce coverage or contaminate optical retrievals, particularly beneath the ITCZ and near the coast (Podlejski et al., 2022; 110 

Wang and Hu, 2016). These limitations are evaluated in Sect. 4.1. 
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2.2 Simulations of Sargassum dynamics 

To account for the transport and growth-decay properties of Sargassum, we rely on the NEMO-Sarg1.0 model (Jouanno et al., 

2021). This model explicitly couples the transport of pelagic Sargassum with a physiological module representing growth, 

nutrient uptake, and mortality. It is embedded within the NEMO ocean-circulation framework. The model transports carbon 115 

(C), nitrogen (N), and phosphorus (P) contents in a two-dimensional surface layer and represents carbon uptake, nutrient 

quotas, temperature-, light- and salinity-dependent growth, mortality, sinking, and coastal stranding. In particular, low salinity 

limits carbon uptake following the formulation of Jouanno et al. (2025a) (Figure H1). Carbon content is the prognostic variable 

used to represent Sargassum biomass. As in Jouanno et al. (2025a) carbon content is converted to wet biomass using a carbon-

to-dry-weight ratio of 0.27, a dry-to-wet ratio of 0.15 and to FC using an assumed areal density of 3.34 kg wet weight of 120 

Sargassum per m2. Model outputs are reported here as dimensionless FC for comparison with satellite observations. NEMO-

Sarg has already been applied and validated in several contexts. In particular, it has demonstrated its ability to reproduce the 

emergence of the GASB (Jouanno et al., 2025a) and seasonal forecast experiments have shown predictive skill at lead time of 

up to seven months (Jouanno et al., 2023). However, because the model does not fully reproduce the observed interannual 

variations in biomass over recent years, as discussed in Jouanno et al. (2025a), we use here a version nudged towards 7-day 125 

averages of Sargassum FC derived from MODIS observations (see Sect. 2.1) following the approach described in Jouanno et 

al. (2025b). Nudging is applied west of 15°W, leaving the e-TA and the GoG free to evolve dynamically and biologically. This 

strategy allows the model to realistically represent the seasonal and interannual supply of Sargassum to the e-TA and GoG. 

Transport is represented as the sum of GLORYS12 surface currents, explicit Stokes drift, and a windage contribution equal to 

0.1% of the 10 m wind velocity derived from ERA5. Laboratory experiments have estimated direct Sargassum windage 130 

coefficients ranging from 0.02% to 0.96% (Olascoaga et al., 2023), encompassing the 0.1% value used here. Table 1 

summarizes these forcings. Stranding is implemented as a local carbon-biomass sink in ocean grid cells adjacent to land, at a 

rate of 0.08 d-1. Stranded biomass is removed from the floating pool rather than shifted to another ocean cell. 

Table 1: Summary of the forcings used in the SARG12 simulation and in this study. The forcings used in the sensitivity 

experiments are described below. 135 

Variables Source 
Temporal 

resolution 
Reference paper 

Ocean currents, 

temperature, salinity 
GLORYS 1/12° Daily (Lellouche et al., 2021) 

Nutrients (NO₃, PO₄, 

NH₄, Fe) 
NEMO-PISCES ¼° Monthly  

 

(Berthet et al., 2019) 

Solar radiation, 10 m 

winds, Stokes drift  
ERA5 Daily (Hersbach et al., 2020) 
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Sensitivity experiments were designed to identify the main sources of variability in Sargassum dynamics in the n-GoG. The 

reference simulation (SARG12) is compared with two sensitivity experiments in which a single process is modified. All 

simulations use identical ocean physics, biogeochemistry, atmospheric forcing, and model domain relative to the reference 

configuration. In SARG12-nostranding, coastal biomass loss due to stranding is suppressed, allowing assessment of the role 

of stranding in shaping the simulated Sargassum distribution within the GoG. In SARG12-nowind, both Stokes drift and 140 

windage are excluded, isolating the contribution of wind-driven processes to Sargassum transport. A summary of the 

experiments is provided in Table 2.  

Table 2: List of model experiments and differences between them.  

 

Experiment Purpose Nudging (west of 15° W) Windage+Stokes Stranding 

SARG12 

Baseline simulation, with 

realistic year-to-year supply and 

full physics 

Interannual monthly MODIS 

observations  

 

ON ON 

SARG12-

nostranding 

Quantify the role of beaching 

losses 
Same as SARG12 ON OFF 

SARG12-

nowind 

Quantify the role of direct wind 

forcing on transport 
Same as SARG12 OFF ON 

2.3 Study domains  145 

To diagnose how remote Sargassum stocks may contribute to coastal arrivals, we defined fixed geographic boxes, shown in 

Figure 1. The n-GoG is our target region, where we compute a monthly mean Sargassum cover index. Two additional regions 

are used to characterize potential upstream pathways feeding the coast: a box around Cape Palmas and a broader eastern 

tropical Atlantic box (“e-TA”) that samples the NECC/GC corridor. The Sargassum index is calculated as the spatial mean of 

the dimensionless FC over all ocean grid cells within each box.  150 

Within each box, we examine potential physical and biogeochemical drivers of Sargassum arrivals in the n-GoG. These 

variables include surface currents, Sea Surface Temperature (SST) and Sea Surface Salinity (SSS), 10 m winds, Stokes drift, 

chlorophyll, and nutrient concentrations; their sources and spatiotemporal resolutions are summarized in Table 1. Fields are 

averaged to monthly means before regional averaging and statistical analysis. Upstream signals are related to coastal events 

using the lags defined in Sect. 2.6. 155 

2.4 Backward Lagrangian experiments 

The transport pathways of floating Sargassum reaching the n-GoG are investigated using the Lagrangian framework Parcels 

(Amorim et al., 2025; Delandmeter and Van Sebille, 2019). For every simulation year, particles were released at mid-month 
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in April and October from all n-GoG surface grid cells where simulated FC exceeded 2 × 10⁻⁵, and were then integrated 

backward for 120 days. Advection uses GLORYS surface currents plus a wind-driven velocity equal to 1% of the 10 m wind. 160 

Unlike the NEMO-Sarg configuration, which represents Stokes drift and windage separately (Sect. 2.2), this 1% coefficient is 

an effective leeway parameter intended to represent their combined influence, consistently with earlier Lagrangian studies 

(Marsh et al., 2021; Putman et al., 2018). Trajectories were integrated using a fourth-order Runge–Kutta scheme with a 6 h 

time step. Particle positions were accumulated in 0.1° × 0.1° bins to calculate the mean backward advection time and the 

fraction of all trajectory occurrences in each grid cell. These diagnostics provide complementary information on the 165 

characteristic transport timescales and the preferred transport corridors linking the tropical Atlantic to the n-GoG. 

2.5 Forward Lagrangian experiments 

To further assess the role of wind forcing in shaping Sargassum pathways from the e-TA toward the GoG, we performed a set 

of idealized forward Lagrangian experiments using the same Parcels framework and numerical settings as in Sect. 2.4. In 

contrast to the backward experiments, particles were seeded in the source region (e-TA) and integrated forward in time in order 170 

to quantify their subsequent dispersion and their potential to reach the GoG under different forcing assumptions. 

For each month from January 2010 to December 2024, particles were released at mid-month from e-TA grid cells where 

simulated FC exceeded 2 × 10⁻⁵ and integrated forward for 360 days. Two configurations were considered: a no-wind 

experiment, using GLORYS surface currents only, and a wind-forced experiment, using effective surface currents including 

the wind-driven contribution equivalent to 1% of the 10 m wind velocity, consistent with the parameterization adopted in Sect. 175 

2.4 to represent the combined effects of windage and Stokes drift. 

2.6 Event definition, composites, and time lags 

We identified high- and low-Sargassum seasons using the monthly SARG12 FC index averaged over the n-GoG for 2010–

2024. High-Sargassum months were defined as months in which the index exceeded its 75th percentile over the complete 

analysis period. Consecutive above-threshold months within the same season were treated as a single event. Seasons were 180 

defined as December–February (DJF), March–May (MAM), June–August (JJA), and September–November (SON), although 

the interannual analysis focused on MAM and SON. For each season, a year was classified as a high-Sargassum year when at 

least one month within that season exceeded the 75th-percentile threshold. Years with no above-threshold month in the season 

were classified as low-Sargassum years. The classification was performed independently for MAM and SON; therefore, the 

same calendar year could belong to different categories in the two seasons. Composite differences were calculated as the mean 185 

of high-Sargassum years minus the mean of low-Sargassum years. 

Lagged relationships were used to account for the time required for Sargassum to be transported from upstream regions to the 

n-GoG. Lag selection was based on the backward Lagrangian experiments described in Sect. 2.4, which were first used to 

estimate characteristic transit times between the e-TA, the Cape Palmas gate, and the n-GoG. Accordingly, n-GoG arrivals in 
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month M were compared with Sargassum FC at the Cape Palmas gate in month M-1 and in the e-TA during months M-2 to 190 

M-3. The corresponding transport-time diagnostics are presented in Sect. 3.2. 

To characterize the large-scale climate state preceding each coastal season, we calculated the minimum Atlantic Meridional 

Mode (AMM) index over the six months preceding the target month. This metric represents the strongest negative AMM phase 

experienced during the period in which the upstream Sargassum distribution and transport pathways develop. Its relationship 

with the meridional position of Sargassum is evaluated in Figure C1. 195 

2.7 Model configuration and evaluation 

We evaluate the simulation against two complementary but incomplete observational datasets. First, monthly and seasonal 

SARG12 FC is compared with the satellite FC product over the same 2010–2024 period for timing, spatial distribution, and 

relative event amplitude. Second, simulated coastal occurrences are compared qualitatively with published and institutional 

records of in situ or reported strandings compiled in Figure 2. Because these records are heterogeneous and satellite sampling 200 

is incomplete beneath the ITCZ, these comparisons assess seasonal and spatial consistency rather than formally validating 

stranded biomass. Their limitations are discussed in Sect. 4.1. Before selecting the reference configuration, we tested several 

coastal-stranding rates (0.30, 0.06, and 0.08 d⁻¹). Their influence on the persistence of coastal biomass was evaluated against 

satellite observations over the Côte d’Ivoire–Ghana and Togo–Benin–Nigeria sectors, using spatial distributions for the four 

seasons and seasonal and interannual FC variability. A stranding rate of 0.08 d⁻¹ provided the closest overall agreement with 205 

the observed geographical distribution and temporal variability and was therefore retained in the reference configuration. 

3 Results 

3.1 Comparison of the model with observations and previous reports 

The SARG12 time series shows a marked seasonal cycle of coastal Sargassum FC in the n-GoG between 2010 and 2024 

(Figure 2, top). Coastal FC generally increases during boreal spring and autumn, although the timing and magnitude of these 210 

peaks vary considerably among years. The spring maximum generally occurs between March and May, whereas the second 

and often larger maximum occurs between September and November. Simulated FC remains comparatively low during winter 

and summer, although some events extend beyond these main seasons.  
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Figure 2: Temporal and spatial distribution of coastal Sargassum in the Northern Gulf of Guinea (N-GoG), 2010–2024. Top) Time series of 215 
coastal Sargassum FC. The black line shows daily model-based mean coverage, while the grey line represents satellite observations. The 

dashed red line indicates the percentile-based event threshold. Blue and orange circles indicate high-Sargassum years in spring (MAM) and 

autumn (SON), respectively; blue and orange diamonds indicate the corresponding low-Sargassum years. Colored squares above the time 

series indicate the dates of Sargassum occurrences documented in the literature, with colors identifying the corresponding coastal sectors 

listed in the legend. Bottom) Map of documented Sargassum strandings along the N-GoG coastline, from Liberia to Nigeria. Points are 220 
color-coded by season of occurrence: blue (spring), yellow (summer), red (autumn), black (winter), and grey (undated). Numbers correspond 

to references in the bibliography (left). 

Satellite observations display a broadly consistent seasonal cycle, with recurrent Sargassum detections in spring and autumn 

and occasional detections during summer (Figure 2 and Figure 3). The strongest and most recurrent coastal signals occur along 

Côte d’Ivoire and Ghana, although detections extend eastward along the n-GoG coast in some years. The reference SARG12 225 

simulation reproduces most of the observed seasonal and interannual variability. In particular, the model captures the major 

spring events observed in 2012, 2014, 2015, 2017, and 2022, with timing and amplitude broadly consistent with the satellite-
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derived FC estimates. Several autumn events are also reproduced, including those of 2014, 2018, 2021, and 2023, although 

their intensity is overestimated in 2014 and 2018 and underestimated in 2021 and 2023. The model does not reproduce the 

spring 2020 peak, and a further mismatch occurs from late 2022 to early 2023, when the simulated peaks precede those 230 

observed by satellite. The spatial comparison shows that the model reproduces the main coastal distribution detected by 

satellite, particularly along Côte d’Ivoire and Ghana (Figure 3). Both datasets show their highest coastal FC during boreal 

autumn, together with weaker or more localized signals during the other seasons. The number of valid satellite observations is 

spatially and seasonally uneven, with fewer than 15 valid observations per month on average along much of the n-GoG coast 

(Figure 3, right column). 235 

Published reports broadly support the seasonal and spatial patterns identified from SARG12 and satellite observations (Figure 

2, bottom). Along the Guinea–Sierra Leone sector, Sargassum has been reported since 2011, with recurrent occurrences from 

boreal spring to autumn (Environment Protection Agency, 2015; Ody et al., 2019). In Côte d’Ivoire, coastal monitoring 

recorded strandings at Grand-Bassam in June 2014 (REEM-CI, 2021) and more widely from Grand-Bassam to Tabou in May–

June 2016 (Komoe et al., 2016), while Aka et al. (2018) identified a climatological maximum in May and reported the first 240 

national observations in 2011. In Ghana, strandings were reported from January to August 2015 at Egyambra and Mumford 

(Addico and deGraft-Johnson, 2016), with additional observations during 2017–2019 at Mumford, Komenda and Elmina 

(Akrong et al., 2021) and field observations of stranded Sargassum at Sanzule in 2022 (Fidai et al., 2024). Major inputs were 

also reported in 2011–2012 (Ackah-Baidoo, 2013; Fidai et al., 2020), while satellite and drifter analyses identified grounding 

events near Ghana in March 2011–2012 (Johns et al., 2020) and a spring event was reported in 2020 (Marsh et al., 2021). 245 

Farther east, year-round presence was reported in Togo in 2013 (Issifou et al., 2014), while arrivals in Benin were reported 

from April onward (DGEC and MCVDD, 2020). In Nigeria, spring–summer strandings were documented in Ondo State in 

2012 (Oyesiku and Egunyomi, 2014), and a prolonged sequence occurred along the Lagos–Ogun coast from May 2011 to 

August 2012 (Solarin et al., 2014). Interviews from Badagry, Gberefu and Ajido indicate that the main events occur in autumn 

(Areola et al., 2024), while an offshore occurrence near the Bonga field was reported in February 2014 (Dirisu et al., 2021). 250 

Overall, these reports are broadly consistent with the seasonal timing and geographical distribution identified in SARG12 and 

satellite observations, particularly along the well-documented coasts of Côte d’Ivoire and Ghana. 
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 255 

Figure 3: Seasonal climatologies of Sargassum FC and satellite sampling in the Gulf of Guinea during 2010–2024. The left column shows 

modelled FC from the reference SARG12 simulation, the middle column shows satellite-derived FC from MODIS, and the right column 

shows the mean number of valid daily satellite observations per grid cell and month. From top to bottom, the rows correspond to December–

February, March–May, June–August, and September–November. Along much of the n-GoG coast, fewer than 15 valid satellite observations 

per month are available on average.    260 

3.2 Pathways of Sargassum reaching the n-GoG: Lagrangian advection 

Backward trajectories released from Sargassum-rich grid cells in the n-GoG reveal a dominant west-to-east transport pathway 

connecting offshore regions of the e-TA to the n-GoG through the NECC–GC corridor (Figure 4). Most trajectories pass 

through the e-TA approximately two to three months before reaching the n-GoG, whereas the final transit from the Cape 

Palmas sector to the coast generally occurs within about one month. These characteristic transport times provide the physical 265 

basis for the time lags used in the subsequent analysis of interannual variability (Sect. 3.5). 

The spatial structure of the pathways differs between the two principal arrival seasons. Trajectories associated with April 

arrivals are distributed over a broad offshore sector of the e-TA and include pathways approaching the n-GoG from both the 

Guinea–Sierra Leone sector and lower-latitude waters (Figure 4a,b). This broad distribution indicates that spring arrivals are 
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connected to several upstream sectors rather than to a single narrow pathway. By contrast, trajectories associated with October 270 

arrivals are concentrated within a more coherent and continuous corridor extending eastward along the West African margin 

and through the NECC–GC system (Figure 4c,d). The autumn pathway therefore appears more spatially constrained than the 

spring pathway, with trajectories converging toward Cape Palmas before entering the n-GoG. 

 

 275 

Figure 4: Backtracking diagnostics of coastal Sargassum in the n-GoG derived from Lagrangian simulations. Panels show results aggregated 

over all available years for two representative months: April (a–b) and October (c–d). Mean advection time (days) from coastal release 

locations to the upstream positions of the backtracked trajectories are shown in (a,c). Colors indicate the average travel time required for 

floating Sargassum to reach each 0.1° x 0.1° grid cell. Relative density of trajectory points per grid cell (b,d) is expressed as a fraction of 

the total number of trajectory points. This metric highlights the spatial distribution and preferential pathways of the backtracked trajectories. 280 
Higher values reveal the dominant transport corridors linking the e-TA to the n-GoG. 

3.3 Seasonality of Sargassum arrivals in the northern Gulf of Guinea 

Since 2011, the seasonal cycle of Sargassum influxes in the n-GoG has followed a persistent pattern (Figure 2): a first 

maximum in boreal spring (MAM), a decline during summer and a second maximum in autumn (SON). The Lagrangian 

diagnostics presented in Sect. 3.2 show advection times of approximately two to three months between offshore regions of the 285 

e-TA and the n-GoG, implying that coastal arrivals reflect oceanic conditions that developed several weeks to months 

upstream. We now examine the climatological factors underlying this seasonal pattern in each season (Figure 5). 
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Figure 5: Climatological Sargassum distribution and environmental conditions. (left) Mean Sargassum FC. (center) Surface currents (m s⁻¹). 

(right) 10 m winds (vectors) over wind speed (m s⁻¹). From top to bottom: DJF, MAM, JJA, and SON seasons.  290 

During boreal winter and early spring, the ITCZ is located close to the equator and begins to migrate northward, while the 

West African monsoon and trade winds remain weak (e.g., Grodsky and Carton, 2003). The NECC is developing and can be 

intermittent; in its western part it may even reverse westward (Johns et al., 2020). Near Sierra Leone, the GC is present but 

weak and flows southeastward; the NECC and GC converge near Cape Palmas, while winds are directed toward the coast 

(Figure 5b,c). Spring arrivals of Sargassum in the GoG reflect conditions established during late winter and are associated 295 

with two upstream Sargassum pools (Figure 5a). First, a residual pool retained offshore of Guinea and Sierra Leone during 

winter is partly advected southeastward by the GC. Southwesterly winds are directed toward the coast and oppose 

southeastward advection along the Sierra Leone–Liberia coast (Figure 5c). A second Sargassum pool is present closer to the 

Equator, near the seasonal convergence zone. Sargassum located sufficiently far south may enter the eastward-flowing NECC 

and pass south of Cape Palmas, although transport efficiency remains limited. Within the GoG during MAM, southerly winds 300 
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(Figure 5c), through windage and Stokes drift, tend to push Sargassum northward against the coastline. However, the GC 

remains attached to the coast and continues eastward, allowing part of the Sargassum biomass to remain within the current 

and to be transported farther east along the n-GoG. Coastal Sargassum biomass subsequently declines through summer, 

particularly along Côte d’Ivoire and Ghana, consistent with field observations (e.g., Komoe et al., 2016). The possible 

contribution of local physicochemical conditions to biomass persistence is discussed in Sect. 4.2. Farther east, along the coasts 305 

of Togo, Benin, and Nigeria, Sargassum arrivals occur later and can persist into summer and autumn. This eastward delay is 

consistent with the transit time from Cape Palmas and with the timing reported in coastal observations (Areola et al., 2024; 

Issifou et al., 2014; Solarin et al., 2014). 

During late summer, the basin-scale circulation sets the stage for the autumn influx. Strengthened southeasterly trade winds 

and the monsoon intensify the NECC, which reaches its annual maximum and feeds directly into the GC, itself strongest along 310 

the West African coast during the rainy season (Binet, 1997; Djakouré et al., 2024). Given the two-to-three-month advection 

time, the autumn coastal maximum reflects the strong eastward transport established across the e-TA during late summer. By 

boreal autumn, Sargassum has accumulated along Guinea and Sierra Leone and is advected southeastward by the GC toward 

Cape Palmas (Figure 5g). There, because the coastline changes orientation, the GC partly detaches from the coast and veers 

slightly southward (Figure 5h), a feature known to reinforce upwelling off Côte d’Ivoire (e.g., Djakouré et al., 2017; Marchal 315 

and Picaut, 1977). Combined with prevailing southerly winds that push Sargassum northward (Figure 5i,l), this configuration 

limits direct eastward transport and promotes strong coastal accumulation and stranding along Côte d’Ivoire and Ghana, as 

illustrated in Figure F1. Once accumulated along the coast, Sargassum may persist under the relatively favourable 

physicochemical conditions prevailing during late summer and early autumn (Sect. 4.2). By late autumn (November), both the 

NECC and GC weaken (Figure 5k) in association with the southward migration of the ITCZ, reducing further advection; most 320 

of the biomass then remains nearshore and strands, consistent with the widespread strandings reported in November. In early 

winter, weakening or reversal of the GC can advect part of the remaining Sargassum offshore Liberia northwestward. A 

persistent Sargassum pool remains offshore of Sierra Leone during early winter and may subsequently contribute to the 

following spring influx. 

3.4 Sensitivity of the Sargassum distribution in the GoG to winds and stranding  325 

The mechanisms controlling Sargassum accumulation in the n-GoG are further investigated through analysis of sensitivity 

experiments designed to isolate two key processes: the loss of Sargassum through stranding on the shoreline and the wind-

driven transport due to windage and Stokes drift. These experiments allow us to quantify how coastal sinks and wind forcing 

influence the spatial distribution, persistence, and seasonal cycle of Sargassum reaching the n-GoG. 

 330 
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Figure 6: Influence of stranding processes and wind forcing on Sargassum occurrence in the n-GoG. (a) Monthly climatology of mean 

Sargassum FC in the n-GoG for SARG12 (blue) and the sensitivity experiments SARG12-nostranding (yellow) and SARG12-nowind (red). 

(b-c) Spatial distribution of climatological differences in coastal Sargassum FC between the sensitivity experiments and the reference 

simulation, showing SARG12-nostranding minus SARG12 (b) and SARG12-nowind minus SARG12 (c). Positive values (red) indicate an 335 
increase in Sargassum cover relative to the reference simulation. 

 3.4.1 Effect of stranding 

In SARG12-nostranding, coastal Sargassum FC remains higher for longer within the n-GoG coastal strip, with a slower 

decrease after the spring and autumn peaks than in the reference simulation (Figure 6a). The timing of the seasonal maxima 

remains broadly unchanged, but their amplitude and duration increase. The difference map shows positive anomalies 340 

concentrated in nearshore grid cells, with the largest values between Côte d’Ivoire and Nigeria and smaller differences farther 

offshore (Figure 6b). These results identify stranding as an important sink of coastal Sargassum after the seasonal peaks.  

3.4.2 Effect of wind forcing 

Removing wind forcing (SARG12-nowind run) fundamentally alters circulation of Sargassum. In the e-TA, Sargassum shifts 

approximately 2° southward, highlighting the role of winds in maintaining Sargassum at higher latitudes (Figure 6c). Around 345 

Cape Palmas, the absence of wind opposition to the GC also facilitates south-eastward advection. These two factors make 

Cape Palmas a less selective gateway: Sargassum enters the n-GoG every year, even when western biomass supply is weak,  

resulting in much higher Sargassum FC in n-GoG throughout the year (Figure 6a,c). East of the cape, Sargassum remains 

embedded in the core of the GC and is advected eastward near ~4°N, whereas in the wind-forced experiment trajectories are 

concentrated within a narrower coastal band, with enhanced coastal accumulation and strandings around Cape Palmas (Figure 350 

7). This contrast highlights the role of winds in deflecting Sargassum out of the GC and toward the coast after passing south 

of Cape Palmas, thereby creating the accumulation trap near Côte d’Ivoire and enabling strandings (Sect. 3.3, Figure F1). 

Simulated nearshore concentrations along the Côte d’Ivoire–Ghana coast are comparable to those in the reference run despite 

a much larger basin-wide biomass (Figure 6c), further emphasizing the regulatory role of stranding on coastal Sargassum 

abundance. A secondary consequence of the absence of winds is the emergence of a southern pathway that is absent in the 355 

reference simulation: forward Lagrangian experiments show that trajectories extend farther east, and some of them turn south 
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along the GoG margin and reach about 5°S before recirculating westward within the SEC (Figure 7h). This pathway is 

associated with persistent FC and a strong increase in simulated biomass in the southern GoG (Figure 6c) and is discussed 

further in Sect. 4.5. Taken together, these results show that wind forcing plays three complementary roles in the simulated 

Sargassum circulation: it (i) influences the latitudinal position of Sargassum in the e-TA, (ii) promotes accumulation along the 360 

n-GoG coasts, and (iii) prevents southward propagation into the southern GoG.  

 

 

Figure 7: Forward trajectory density from the e-TA, shown for four advection-time classes: 0–1 month (a–b), 1–2 months (c–d), 2–3 months 

(e–f), and 3–12 months (g–h). Left panels show the wind-forced experiment, right panels the no-wind experiment. Colors indicate trajectory 365 
density, expressed as the fraction of trajectory occurrences in each 0.1° x 0.1° grid cell, shown on a logarithmic scale. 
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3.5 Interannual variability of coastal Sargassum in the n-GoG 

Interannual variability is examined separately for boreal spring and autumn, corresponding to the two seasonal maxima 

identified in Sect. 3.3. 370 

 

Figure 8: Interannual relationships between coastal Sargassum FC in the n-GoG and large-scale controls, for MAM (left) and SON (right). 

(a, b) Minimum Atlantic Meridional Mode (AMM) index over the preceding 6 months versus coastal FC. (c, d) Cape Palmas FC versus 

coastal FC. (e, f) Equatorial Sargassum stock in the e-TA versus coastal FC. Coloured symbols indicate years with western supply (blue for 

MAM, orange for SON), whereas grey symbols indicate years without western supply. Labels indicate the last two digits of each year. Linear 375 
regressions and corresponding r2 values are shown for western-supply years only. 

3.5.1 Interannual variability in spring   

The amount of Sargassum reaching the n-GoG in boreal spring is positively related to the Cape Palmas FC one month earlier 

(r² = 0.34, Figure 8c). This input is itself correlated with the Sargassum stock along the Sierra Leone–Liberia coast at the end 
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of winter (r² = 0.83, not shown). Spring n-GoG FC is also related to the AMM index (r² = 0.54, Figure 8a). In the corresponding 380 

composites, high-Sargassum years show a more southerly upstream Sargassum distribution between 0 and 5° N than low-

Sargassum years (Figure G1). The high-minus-low composite also shows a stronger NECC, with an average current-speed 

difference of approximately 0.15 m s⁻¹, together with weaker shoreward components of the wind, windage, and Stokes drift 

along the Sierra Leone–Liberia coast and near Cape Palmas (Figures G1 and B1). Relationships with conditions within the n-

GoG are weaker (Figure D1: r2 < 0.12 for all parameters). 385 

3.5.2 Interannual variability in autumn 

In boreal autumn, coastal Sargassum arrivals in the n-GoG are strongly associated with the AMM (r2 = 0.83, Figure 8b). High-

Sargassum years are characterized by more negative AMM values, a southward displacement of the upstream Sargassum band, 

and a stronger NECC relative to low-Sargassum years (Figure G2). The composites also show a reduction in the shoreward 

components of the wind, windage, and Stokes drift along the Sierra Leone–Liberia coast and near Cape Palmas (Figure B1). 390 

By comparison, conditions within the n-GoG seem to play a secondary role (Figure D1), except possibly near Nigeria, where 

the persistence of spring Sargassum through summer, as in 2014 and 2017, may provide an additional local biomass source. 

This is further supported by the relationship at Cape Palmas (Figure 8d): coastal Sargassum in the n-GoG is also related to 

Cape Palmas FC one month earlier (r² = 0.55), showing that the key control is the amount of offshore biomass advected into 

the Gulf, not local conditions after entry. The physical interpretation of the relationship between the AMM and coastal 395 

Sargassum arrivals is discussed in Sect. 4.4. 

4. Discussion 

This study combined Eulerian simulations, Lagrangian trajectories, satellite observations, and published records to examine 

the processes controlling Sargassum arrivals in the n-GoG. Two seasonal influx periods dominate: spring (MAM) and autumn 

(SON). In both seasons, coastal arrivals depend on the availability of upstream biomass and its eastward transport through the 400 

NECC–GC corridor. Wind forcing and stranding then regulate the coastal and meridional distribution of the biomass after it 

passes south of Cape Palmas. At interannual timescales, two main factors emerge: the basin-scale Sargassum supply in the 

tropical Atlantic and the latitudinal position of the upstream biomass, which is associated with the AMM–ITCZ–NECC 

configuration. 

4.1 Model evaluation and observational limitations 405 

Direct quantitative validation remains difficult because published coastal records are sparse and uneven among countries and 

generally document only the presence and timing of strandings rather than standardized FC or biomass. Satellite observations 

provide broader coverage but are strongly limited by clouds, land contamination and optically complex coastal waters, 

particularly beneath the ITCZ. (Figure 3, right column). 
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These limitations complicate the interpretation of several discrepancies. Satellite signals south of the main n-GoG region, 410 

including off the Congo coast (e.g., Figure 3), cannot currently be independently verified and may include false-positive 

detections associated with turbidity, river plumes or coloured dissolved organic matter. Similarly, the exceptionally high 

satellite peaks in September 2021 and November 2023 (Figure 2) lack corresponding reports in the available literature, but the 

absence of systematic coastal monitoring prevents determining whether they represent real extreme events or retrieval 

overestimates. 415 

The spring 2020 mismatch and the temporal offset from late 2022 to early 2023 could reflect errors in simulated transport or 

biological processes, satellite uncertainties, or both. Despite these limitations, the agreement among SARG12, satellite 

observations and published records in seasonal timing and broad spatial distribution supports the use of the simulation to 

investigate the mechanisms controlling Sargassum arrivals, although individual event magnitudes should not be regarded as 

quantitatively validated. 420 

4.2 Influence of local physicochemical conditions 

Although the seasonal evolution of Sargassum in the n-GoG is primarily controlled by upstream supply and circulation, local 

physicochemical conditions may modulate biomass persistence after arrival. During spring, coastal upwelling is weak and SST 

remains high, around 28 °C, while nutrient and chlorophyll-a concentrations remain comparatively low (Figures E1 and A1; 

Hardman-Mountford and McGlade, 2002). These conditions may limit local biomass development despite continued coastal 425 

accumulation driven by transport. Conditions change markedly during the summer monsoon. Coastal upwelling lowers SST 

to approximately 25–26 °C along Côte d’Ivoire and Ghana and supplies nutrient-rich subsurface waters to the surface, while 

river discharge may provide additional nutrient inputs (Figures E1 and A1; Binet, 1997; Djakouré et al., 2024). These 

potentially favourable conditions do not prevent the summer decline in coastal Sargassum, which therefore appears to result 

primarily from the seasonal reduction in upstream supply after the spring influx, combined with the continued removal of 430 

nearshore biomass through stranding. River discharge also produces substantial but spatially heterogeneous coastal freshening 

(Figure H1). Low salinity can adversely affect Sargassum physiology (Hanisak and Samuel, 1987); in NEMO-Sarg, this effect 

is represented by the limitation function described in Figure H1a, which reduces carbon uptake. The simulated effect is 

generally weak to moderate along Côte d’Ivoire and Ghana but stronger farther east, particularly along Togo, Benin, and 

Nigeria. Reduced light availability due to turbidity may provide an additional constraint, while stronger wind and wave 435 

conditions may enhance fragmentation and stranding (Laval et al., 2025). These local effects may influence biomass 

persistence, but their contribution to the regional seasonal cycle appears secondary to the reduction in advective supply. During 

late summer and early autumn, coastal and equatorial upwelling maintain relatively cool, nutrient-enriched surface waters, and 

elevated chlorophyll-a concentrations (Figures E1 and A1; Djakouré et al., 2017). These conditions may favour the persistence 

of biomass transported into the Gulf during the strong autumn influx.  440 
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4.3 The Guinea–Sierra Leone winter reservoir and its connection to the n-GoG 

Observational and modelling studies identify the Guinea–Sierra Leone sector as a recurrent region of Sargassum retention 

(Berline et al., 2020; Johns et al., 2020; Jouanno et al., 2025a; Wang et al., 2019). Our results show that biomass remaining 

offshore during winter can subsequently be transported southeastward by the GC toward Cape Palmas, contributing to the 

spring influx into the n-GoG (Figures 5 and G1). The winter reservoir therefore represents an important source of both the 445 

seasonal spring maximum and its interannual variability.  

Our study does not contradict the West African origin inferred by Beron-Vera et al. (2026). One year before the exceptional 

2011 bloom, their most likely source lies near Guinea, close to the winter reservoir identified here, while at longer lead times 

their inferred source extends into the Gulf of Guinea. In our reference simulation, biomass transported from the Guinea–Sierra 

Leone reservoir accumulates and strands along the northern Gulf coast. The n-GoG therefore acts predominantly as a sink for 450 

Sargassum rather than as a recurrent source for the wider tropical Atlantic, although occasional export under anomalous 

circulation conditions cannot be excluded. 

4.4 AMM influence on interannual Sargassum variability 

The strong relationship between the AMM and coastal Sargassum arrivals likely reflects its broad influence on the tropical 

Atlantic ocean–atmosphere system. The AMM is a coupled ocean–atmosphere mode characterized by a meridional SST 455 

gradient across the tropical Atlantic, with its negative phase associated with relatively cooler SST anomalies in the tropical 

North Atlantic and warmer anomalies to the south. This SST pattern is associated with a southward displacement of the ITCZ 

and a reorganization of the tropical wind field (Chiang and Vimont, 2004; Nobre and Shukla, 1996). These large-scale changes 

can influence Sargassum transport toward the n-GoG through three complementary mechanisms. First, AMM-related wind-

stress anomalies can modify the position and strength of the NECC (Hormann et al., 2012; Martín-Rey et al., 2023); in our 460 

negative-AMM/high-Sargassum composites, the NECC is stronger, enhancing eastward transport across the e-TA toward the 

West African margin. Second, these conditions coincide with weaker northward windage and Stokes drift along the Sierra 

Leone–Liberia coast, reducing the wind-driven opposition to southeastward transport by the GC and thereby facilitating 

Sargassum transport toward Cape Palmas. Third, negative AMM conditions may increase the amount of Sargassum available 

upstream: previous studies have associated negative AMM years with enhanced tropical Atlantic Sargassum biomass and 465 

stronger trade-wind/upwelling conditions (Skliris et al., 2022). The relationship between the AMM and n-GoG arrivals may 

therefore combine changes in upstream biomass supply, ocean-current transport, and wind-driven drift. 

4.5 Southern (“cSEC”) export pathway 

A southward export pathway from the GoG into the cSEC, and then toward northeastern Brazil and occasionally back into the 

NECC, has been proposed from drifter syntheses and connectivity analyses (Beron-Vera et al., 2022; Franks et al., 2016; Johns 470 

et al., 2020). In our reference simulations, however, this pathway does not emerge as a robust feature. Strong southerly 

monsoon winds and wave-driven drift trap Sargassum against the n-GoG coast, while downstream losses through stranding 
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and senescence east of Cape Palmas further reduce the likelihood of coherent export south of the Equator. By contrast, the 

cSEC branch does emerge in our no-wind experiment, indicating that wind drift is the main limitation to this route. Additional 

idealized Lagrangian advection experiments both with and without wind forcing (Figure 7) further support this interpretation. 475 

They show that some trajectories can cross into the Southern Hemisphere and reach the southern GoG, where environmental 

conditions may then become favourable for Sargassum proliferation whereas no such southward pathway occurs in the wind-

forced experiment. The cSEC pathway may therefore be considered conditional: it may become active only under unusually 

large biomass surpluses in the n-GoG or under anomalous alongshore wind conditions, but it does not appear to represent a 

common present-day pathway for Sargassum.  480 

Satellite observations also provide little support for this pathway, since any southward leakage would likely take the form of 

thin, low-fraction filaments that are difficult to detect under the persistent cloud cover of JJA–SON.  

4.6 Implications for future Sargassum arrivals 

Three points emerge regarding the possible long-term evolution of Sargassum arrivals in the n-GoG. First, the tropical Atlantic 

Sargassum baseline has remained elevated since 2011, increasing the amount of biomass potentially available for transport 485 

into the Gulf (Berline et al., 2020; Johns et al., 2020; Wang et al., 2019). 

Second, forced trends in the AMM–ITCZ background state over the Atlantic remain uncertain. Theory and climate models 

suggest a narrowing and meridional displacement of the tropical rain belt, but the direction of this shift over the Atlantic 

depends on aerosol forcing, hemispheric energy contrasts, and changes in the Atlantic Meridional Overturning Circulation 

(AMOC; Byrne et al., 2018; Calvin et al., 2023; Donohoe et al., 2013; Hwang and Frierson, 2013). A more northerly mean 490 

ITCZ would reduce the frequency of negative AMM-like configurations and could weaken Sargassum delivery into the n-

GoG. Conversely, a southward displacement of the ITCZ, for example under a weakened AMOC, would favor the positioning 

and transport of Sargassum toward the Gulf. 

Third, wind forcing and stranding may change independently of upstream biomass supply. A change in the prevailing wind 

regime could alter both coastal stranding risk and the fraction of biomass exported toward the Southern Hemisphere. Future 495 

n-GoG inundation risk will therefore depend on the combined evolution of the basin-wide Sargassum baseline, the frequency 

of negative AMM configurations, and regional wind and circulation patterns. 

5 Conclusions 

This study identifies the principal transport processes controlling seasonal and interannual Sargassum arrivals in the n-GoG. 

Two recurrent coastal maxima occur in spring and autumn. Spring arrivals are primarily connected to biomass retained off 500 

Guinea and Sierra Leone during winter, together with a secondary equatorial pool in some years. Autumn arrivals are mainly 

supplied by larger upstream stocks transported eastward through the NECC–GC corridor. The Lagrangian experiments indicate 
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characteristic transport times of approximately two to three months from the e-TA and approximately one month from Cape 

Palmas. 

After passing south of Cape Palmas, southerly winds transport Sargassum toward the n-GoG coast and help maintain the 505 

biomass north of the Equator. Without windage and Stokes drift, Sargassum remains embedded in the GC, spreads more 

broadly across the Gulf, and is more readily displaced toward circulation connected with the cSEC. Stranding acts as an 

additional regulator by removing nearshore biomass and limiting its persistence after the seasonal arrival peaks. 

Interannual variability reflects both the amount of upstream biomass and its latitudinal position relative to Cape Palmas, 

especially in autumn. Both factors are associated with the AMM: negative AMM configurations favor a more southerly 510 

upstream distribution and stronger eastward transport toward the Gulf. Local environmental conditions appear to exert a 

weaker influence on the magnitude of coastal arrivals, although they may affect survival and persistence after entry. 

These results provide a process-based framework for interpreting sparse observations and improving seasonal risk assessment 

in West Africa. Upstream FC in the e-TA, biomass approaching Cape Palmas, and the preceding AMM state could provide 

complementary indicators of coastal arrival risk. The potential southern export pathway also warrants further investigation as 515 

a mechanism through which future changes in wind forcing could reorganize the tropical Atlantic Sargassum distribution. 
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Appendix A 

 

Figure A1: Seasonal climatologies of the biogeochemical surface environment in the eastern tropical Atlantic and Gulf of Guinea, averaged 535 
over all years of the analysis period. From left to right: phosphate, iron, and nitrate. From top to bottom: boreal winter (DJF), spring (MAM), 

summer (JJA), and autumn (SON). These fields provide the seasonal biogeochemical context potentially favorable to Sargassum 

development and maintenance upstream of the Gulf of Guinea. 

 

 540 
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Appendix B 

 

Figure B1: High-minus-low-Sargassum composite differences in Sargassum FC and wind-driven transport during MAM (a) and SON (b). 

Colours show differences in Sargassum FC, and vectors show differences in the wind-driven velocity components. 545 
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Appendix C 

 

Figure C1: Relationship between the minimum Atlantic Meridional Mode (AMM) index over the six months preceding the target month and 

the southernmost position of Sargassum in the eastern tropical Atlantic, estimated here from the latitude of the southernmost 6-month 550 
barycenter. Left: April target (AMM minimum over October–March). Right: October target (AMM minimum over April–September). Each 

point corresponds to one year, with the year indicated next to the marker. The black line shows the linear regression, and the corresponding 

statistics are reported in each panel. 

 

 555 
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Appendix D 

 

Figure D1: Relationships between coastal Sargassum FC in the n-GoG and local biogeochemical and physical conditions, for MAM (left 

column of each pair) and SON (right column of each pair). Rows show chlorophyll (Chl), dissolved iron (Fe), ammonium (NH4), phosphate 560 
(PO4), nitrate (NO3), sea surface salinity (SSS), sea surface temperature (SST), and sea surface height (SSH). Each marker corresponds to 

one year (2010–2023), labeled by year. Solid lines indicate linear regressions, and the corresponding r2 values are given in each panel. 
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Appendix E 565 

 

Figure E1: Seasonal climatologies of the physical surface environment in the eastern tropical Atlantic and Gulf of Guinea, averaged over all 

years of the analysis period. From left to right: sea surface temperature (SST), sea surface salinity (SSS), and chlorophyll (chl). From top to 

bottom: boreal winter (DJF), spring (MAM), summer (JJA), and autumn (SON). 

 570 

 



28 

 

Appendix F 

 

  

Figure F1: Example of the accumulation conditions near Côte d’Ivoire during autumn 2021. Coloured shading shows Sargassum FC from 575 
SARG12 simulation, blue arrows indicate 10 m wind, and black arrows surface currents. The main arrival of Sargassum along the Côte 

d’Ivoire shelf occurs in September–October (b–c). From August (a), strong southerly winds push Sargassum northward toward the coast, 

where currents weaken in October because the GC detaches from the coast (c), favouring retention and accumulation of Sargassum along 

the Côte d’Ivoire shelf until November (d). 

 580 
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Appendix G 

 

Figure G1: MAM (March–May) composites and contrasts between low- and high-Sargassum years. Seasonal mean Sargassum FC for 

January, February, March, and April is shown from top to bottom. The left column shows the low-Sargassum composites, the middle column 

the high-Sargassum composites, and the right column their difference (high minus low). Surface currents are superimposed in the left and 585 
middle columns, while current differences are superimposed in the right column. 
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Figure G2: Same as Figure G1, but for autumn (SON) 

 

 590 
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Appendix H 

 

 

Figure H1: Salinity limitation and distribution in first-row coastal ocean grid cells of the n-GoG during 2010–2024. (a) Salinity-limitation 

factor used in the NEMO-Sarg physiological module as a function of sea-surface salinity (SSS). Orange markers indicate representative 595 
values. Shaded areas indicate the ranges spanned by the seasonal 5th–95th percentile intervals of the climatological coastal-cell SSS in the 

Côte d’Ivoire–Ghana and Togo–Benin–Nigeria sectors. (b) Probability distributions of all daily cell-level SSS values in the two sectors, 

plotted on the same SSS axis as panel (a). (c) Monthly climatology of the daily spatial median SSS; shaded intervals indicate the 5th–95th 

percentile range of the daily regional medians. 

 600 
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