
 

PA

GE 

31 

 1 

Intraseasonal modulation of Sea Surface Temperatures in the 1 

North Tropical Atlantic by African Easterly Waves 2 

Marc K. Mendy 1,2, Florent Gasparin 2, Manon Gévaudan 3, Moussa Diakhaté 2, Issa Sakho 2, 3 

Julien Jouanno 1 4 

1 Université́ de Toulouse, LEGOS (IRD/UT3/CNES/CNRS), Toulouse, France,  5 
2 Université Amadou Mahtar Mbow, Diamniadio, Sénégal, 6 
3 Centre National de Recherches Météorologiques, CNRM-CNRS, Météo-France, Toulouse, France  7 

Correspondance to: Marc K. Mendy (marckakantemendy@gmail.com)  8 

Abstract. The sea surface temperature (SST) variability in the North Tropical Atlantic plays a crucial 9 

role in the regional climate by modulating the Intertropical Convergence Zone (ITCZ) and influencing 10 

precipitation, convective systems, and tropical cyclones. While atmospheric synoptic-scale 11 

intraseasonal variability in this region is dominated by African Easterly Waves (AEWs), their impact 12 

on SST remains poorly understood. This study investigates the modulation of SST by AEWs using a 13 

regional configuration of a coupled ocean-atmosphere model and PIRATA mooring air-sea 14 

observations. Results reveal a significant AEWs signature in SST anomalies, with temperature 15 

fluctuations exceeding ±0.5°C. A heat budget analysis shows that AEWs mainly influence SST through 16 

modulation of the latent heat flux, shortwave radiation, and vertical mixing. The contribution of the 17 

ocean mixing and that of the air-sea fluxes appear of similar order, likely reflecting the influence of 18 

near-inertial currents. The dominant 3–5-day AEWs exhibit a stronger impact than their 6–9-day 19 

counterparts. These findings highlight the role of AEWs in driving SST variability and mixed-layer 20 

dynamics, underscore the importance of accurately representing them in coupled climate models, and 21 

call for further investigation into their influence on the mean and seasonal upper-ocean state.   22 

Key points:  23 

1. A regional coupled ocean-atmosphere model accurately simulates AEWs ocean response. 24 

2. SST response is controlled by both vertical mixing and air-sea fluxes 25 

3. 3–5-day AEWs exhibit a stronger impact on SST than 6–9-day AEWs  26 
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1 Introduction 27 

The variability of the sea surface temperature (SST) in the North Tropical Atlantic is a key factor in 28 

determining the regional climate and affects surrounding countries. It plays a critical role in modulating 29 

the position of the Intertropical Convergence Zone (ITCZ) (Wane et al., 2021), as shown by the strong 30 

correlation between the ITCZ and the regions of highest SST (zonal band of SST ≥ 27°C) (Graham and 31 

Barnett, 1987; Waliser and Graham, 1993; Opoku-Ankomah and Cordery, 1994). This variability plays 32 

a key role in establishing and maintaining convective systems and precipitation in the tropical Atlantic, 33 

West Africa, and northeastern South America (Moura and Shukla, 1981; Hastenrath and Greischar, 34 

1993; Nobre and Shukla, 1996; Sultan and Janicot, 2000; Nicholson, 2009; Tomaziello et al., 2016). 35 

Furthermore, the frequency and intensity of tropical cyclones, which draw their energy from the warm 36 

waters of the Tropical Atlantic, are influenced by these SST anomalies (Emanuel, 2005; Webster et al., 37 

2005). Therefore, a better understanding of the mechanisms involved in SST variability is essential not 38 

only to enhance our comprehension of climate processes, but also to reduce SST biases in coupled 39 

models and refine climate forecasts. 40 

At the synoptic scale, atmospheric variability in this region is predominantly governed by African 41 

Easterly Waves (AEWs) (Thompson et al., 1979; Diedhiou et al., 2001). These are eastward-propagating 42 

atmospheric disturbances with periods ranging from 2 to 10 days, which develop during the boreal 43 

summer over the tropical region, primarily across West Africa. AEWs generally originate from 44 

atmospheric instabilities, particularly barotropic-baroclinic instabilities associated with the African 45 

Easterly Jet (Burpee, 1972). They also originate from convection, which not only facilitates their 46 

initiation but can also enhance their growth (Berry and Thorncroft, 2005; Mekonnen et al., 2006; 47 

Thorncroft et al., 2008; Russell et al., 2020). AEWs are generally classified into two period bands: 3-5 48 

days and 6-9 days (Diedhiou et al., 1998a, b, 1999; Felice et al., 1990, 1993; Wu et al., 2013). The 3-5 49 

days AEWs propagate preferentially on either side of the African Easterly Jet, before merging over the 50 

Atlantic, generally at around 17.5°N. They have average wavelengths of around 3,000 km and phase 51 

speeds of up to 10 m/s (Diedhiou et al., 1998a; Reed et al., 1988; Thorncroft and Hodges, 2001). Those 52 

of 6 to 9 days, further north and more intermittent, unfold with an average phase speed of around 6 m/s 53 

and wavelengths of around 5000 km (Diedhiou et al., 2010; Wu et al., 2013).  54 

On their trajectory, AEWs interact closely with deep convection, playing a central role in modulating 55 

atmospheric dynamics in West Africa. Several studies have highlighted the influence of AEWs on the 56 

organization, intensity and propagation of mesoscale convective systems (Berry and Thorncroft, 2005; 57 

Kiladis et al., 2006; Russell et al., 2020). In particular, these interactions are manifested by an 58 

amplification of convection in cyclonic convergence zones associated with wave troughs, thus 59 

promoting the triggering or intensification of precipitation (Fink and Reiner, 2003; Kiladis et al., 2006). 60 

Moreover, under certain favorable conditions, particularly when deep convection persists downstream 61 

of the wave, these systems can contribute to the cyclogenesis process in the North Tropical Atlantic 62 
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(Thorncroft and Hodges, 2001; Dunkerton et al., 2009; Russell et al., 2017; Bercos-Hickey and Patricola, 63 

2025). 64 

In the North Tropical Pacific, Mickett et al. (2010), using a slab model and comparing surface wind-65 

induced inertial kinetic energy fluxes in the mixed layer, show that these waves (Pacific Easterly Waves, 66 

PEWs) resonantly force inertial motions, which influence sea surface temperatures. In their recent work, 67 

Hummels et al. (2020) put forward the hypothesis that, in the North Tropical Atlantic, AEWs would 68 

contribute to cooling the ocean surface, through the associated latent heat fluxes, and the strong vertical 69 

mixing at the base of the mixed layer induced by the quasi-inertial waves they would generate. However, 70 

their importance in the regional heat balance, and consequently on surface temperature, remains to be 71 

clarified. While numerous studies have investigated the characteristics of AEWs and their role in climate 72 

modulation, to our knowledge no study has yet examined their impact on ocean surface conditions in 73 

the Tropical Atlantic. Using a coupled ocean–atmosphere configuration of the Tropical Atlantic 74 

(Gévaudan et al., 2021), the aim of this study is to examine whether AEWs influence SST in this region 75 

and investigate the underlying mechanisms.  76 

The paper is organized as follows: the Tropical Atlantic coupled model and the validation datasets are 77 

presented in Section 2. A comparison of model and observations SST and winds associated with AEWs 78 

is provided in Section 3. Section 4 examines the ocean surface response to AEWs by projecting a 79 

representative AEWs index, derived from near-surface winds, onto SST. Section 5 investigates the 80 

underlying mechanisms based on the analysis of the ocean heat balance in the surface layer. Finally, the 81 

conclusion and perspectives are provided in Section 6. 82 

2 Data and methodological approach 83 

2.1 Regional coupled model  84 

This study is based on a regional configuration of the coupled NEMO-WRF model sharing the same 85 

horizontal grid at a resolution of ¼° (∼ 27 km) for the tropical Atlantic (99°W-20°E, 15°S-35°N) 86 

(Gévaudan et al., 2021, 2022). These two models interact on an hourly basis, exchanging SST, surface 87 

currents, surface stress, air-heat surface fluxes and freshwater fluxes via the OASIS coupler. The 88 

parameterization follows that of Gévaudan et al. (2021), with updates to align it with more recent 89 

versions of the various codes: NEMO-v4.2.1 (Madec et al., 2023)  and WRF-v4.2.1 (Skamarock et al., 90 

2019). The models are coupled using OASIS3-MCT V4.0 (Valcke and Redler, 2012; Craig et al., 2017). 91 

The ocean model solves the three-dimensional primitive equations, has 75 fixed vertical levels (z 92 

coordinates), with 12 levels in the upper 20 m and 24 levels in the upper 100 m. Lateral open boundaries 93 

of the model are prescribed using an interannual hindcast of temperature, salinity, sea level and 94 

horizontal velocities from the MERCATOR global daily reanalysis GLORYS2V4 (Ferry et al., 2012). 95 

To include ocean color in the solar radiation penetration scheme, the model is driven by daily 96 
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chlorophyll concentrations from GlobColour 009_082, derived from several satellite products 97 

(Maritorena et al., 2010; Garnesson et al., 2019). The atmospheric model WRF solves the compressible, 98 

non-hydrostatic Euler equations using the Advanced Research WRF (ARW) dynamical solver. It 99 

employs a grid with 40 terrain-following vertical levels (sigma coordinates), with the top of the 100 

atmosphere set at 50 hPa. Lateral boundary conditions are given by 3-hourly atmospheric fields from 101 

the ERA5 reanalysis from the European Centre for Medium-Range Weather Forecasts (ECMWF) 102 

(Hersbach et al., 2020). 103 

The ocean model was initialized on January 1, 2000, based on a forced NEMO simulation of 20 years 104 

(1980-1999). The atmospheric model was initialized from ERA5 reanalysis on January 1, 2000. The 105 

coupled model is spun up for one year (2000), then run over a 21-year period (2001–2021), producing 106 

daily outputs of oceanic and atmospheric fields. To investigate the processes that drive the SST 107 

variations associated with AEWs, the different contributions to the 3D temperature balance are 108 

computed online at each grid point and saved daily (details are given in Section 5). 109 

2.2 Validation datasets 110 

To validate the simulations, a variety of datasets covering the period from 2001 to 2021 were used. 111 

These include the ERA5 reanalysis, which uses advanced modelling and data assimilation systems to 112 

combine vast amounts of historical observations with global estimates (Hersbach et al., 2020). For this 113 

study, the 10-m surface winds (u10 and v10), the winds along the atmospheric column (u and v) and the 114 

daily available SST at 1/4° were used to validate the performance of our model in reproducing the 115 

dynamics and thermodynamics in our study area. In addition, winds measured by the Advanced 116 

SCATterometer (ASCAT), which is on board the operational meteorological satellite MetOp, are used. 117 

These data are available on a 1/4° horizontal grid with a daily time step since 2007 (J. Figa-Saldaña and 118 

Stoffelen, 2002).  119 

The model's SST is also compared to NOAA's Optimum Interpolation Sea Surface Temperature 120 

(OISST) version 2.0, which is a combination of satellite observations (AVHRR), in-situ measurements 121 

from ships and buoys, adjusted to fill gaps by optimal interpolation (Reynolds et al., 2007; Banzon et 122 

al., 2016). These data are available at 1/4° resolution and daily frequency from late 1981 to the present 123 

and are representative of skin SSTs. Finally, daily wind at 4 m and surface temperature at 1 m derived 124 

from the entire PIRATA mooring array (Bourlès et al., 2008) in the tropical North Atlantic were also 125 

used to validate the model. Note that these PIRATA buoy wind measurements taken at 4 m (Wind4m) 126 

are scaled to 10-m wind speeds (Wind10m) using a logarithmic wind profile for neutral conditions as 127 

Wind10m  =  Wind4m (
ln(10m z0⁄ )

ln(4m z0⁄ )
), with z0 the surface roughness length (z0 = 0.0002) (Fleagle and 128 

Businger, 1981; Dutton, 1986). 129 
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2.3 Identification of AEWs 130 

To identify AEWs, we apply a Butterworth band-pass filter to the time series, retaining variability in the 131 

2–10-day period. This range is widely used in the literature as it encompasses the typical synoptic 132 

variability associated with AEWs (Russell et al., 2017; Danso et al., 2022; Jonville et al., 2025). This 133 

involves applying temporal filtering techniques (e.g., Butterworth or Lanczos filters) to the target 134 

variables to isolate the part associated with AEWs. Other approaches, such as spectral analysis (Wheeler 135 

and Kiladis, 1999; Fink and Reiner, 2003; Jiang et al., 2023) and Lagrangian tracking methods (Carlson, 136 

1969; Thorncroft and Hodges, 2001) are also used to detect AEWs. These techniques make it possible 137 

to track the spatio-temporal evolution of AEWs troughs and identify their implications in modulating 138 

local climate. However, in the output fields of mesh models or reanalysis, temporal filtering remains a 139 

robust method for isolating AEWs signals over large domains (Skinner and Diffenbaugh, 2013; Jonville 140 

et al., 2024). We focus on the July–August–September (JAS) period, which is widely used in the 141 

literature to study AEWs (Janiga and Thorncroft, 2013; Bercos-Hickey et al., 2017; Semunegus et al., 142 

2017; Raj et al., 2023), as it corresponds to the peak season of AEWs activity (Grist, 2002). 143 

3 Evaluation of the coupled model  144 

First, we assess the model's ability to reproduce AEWs and surface ocean conditions. To this end, we 145 

focus on both the mean state and the high-frequency variability of key variables: SST, surface wind at 146 

10 m, and the vertical wind structure along 20°W. 147 

3.1 Sea surface temperature  148 

The mean SST and the standard deviation of SST anomalies filtered between 2 and 10 days are shown 149 

in Figure 1. Overall, the mean SST distribution is well reproduced by the model. In the western part of 150 

the basin, the Atlantic Warm Pool - defined as the area where SSTs exceed 28°C during boreal summer 151 

(Enfield and Lee, 2005; Wang et al., 2006, 2008) - extends slightly further east than the estimates from 152 

ERA5, OISST and PIRATA moorings. Off the African coast, between 21°N and 25°N, the model 153 

represents well the cool SSTs associated with the Moroccan upwelling system. Southeast of the Equator, 154 

the Atlantic cold tongue is characterized by SSTs around 24°C during the boreal summer, partly 155 

attributed to Ekman divergence induced by the southeast trade winds crossing the Equator (Cromwell, 156 

1953; Stommel, 1959), and vertical turbulent mixing (Jouanno et al., 2011; Wade et al., 2011). Coupled 157 

models often underestimate this cooling, which could account for the slight temperature bias observed 158 

in the eastern tropical Atlantic (Fig. 1), a well-known issue in climate simulations (Shi et al., 2018; 159 

Voldoire et al., 2019; Deppenmeier et al., 2020).  160 
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 161 

Figure 1: (Left panels) Mean SST, and (right panels) standard deviation of SST anomalies for July–August–162 

September (JAS) over the 2007–2021 period, from (a), (b) OISST, (c), (d) ERA5, and (e), (f) the coupled 163 

model. The standard deviation is computed from anomalies band-pass filtered in the 2–10-day range. In 164 

each panel, estimates from the PIRATA mooring are indicated by circles. 165 

The standard deviation of SST anomalies filtered in the 2–10-day band reveals substantial amplitude 166 

differences among the various products (Fig. 1bdf). A much larger variability is observed in OISST 167 

(Fig. 1b) than in the other data sources. The difference might be due to the distinct nature of these 168 

observations. Satellites measure the temperature of the ocean's uppermost micrometers, known as "skin 169 

temperature", whereas in situ sensors, such as those used by PIRATA, record the temperature averaged 170 

over approximately 1 m, referred to as "bulk temperature". The vertical resolution of our ocean model 171 

and the model used to force the ERA5 reanalysis are both around 1 m. This difference in depth makes 172 

skin temperature more sensitive to high-frequency variations, particularly those driven by atmospheric 173 

influences and changing weather conditions (Murray et al., 2000; Donlon et al., 2002) The patterns of 174 

high variability also differ between ERA5 and the model, and comparison with PIRATA moorings 175 

indicates that the coupled model performs better than ERA5 (Fig. 1df). Contrary to ERA5, the model 176 

accurately captures the two areas of enhanced variability: the zonal band along the northern front of the 177 
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Atlantic cold tongue (moorings between 0° and 5°N), and the band further north (between 10° and 178 

20°N), oriented southwestward.  179 

 180 

Figure 2: (a) Monthly climatology of SST, and (b) standard deviation of SST anomalies at 23°W–12°N over 181 

the 2001–2021 period of OISST (black), ERA5 (blue), the coupled model (green), and the 23°W-12°N 182 

PIRATA mooring (pink). Anomalies are band-pass filtered in the 2–10-day range prior to computing the 183 

standard deviation. 184 

Figure 2 presents the SST climatology (from 2001 to 2021) and the standard deviation of SST anomalies 185 

filtered in the 2–10-day band for different datasets at 23°W-12°N. This point is the location of a PIRATA 186 

mooring that lies within a region of pronounced high-frequency SST variability (Fig. 1f). The seasonal 187 

cycle of SST is broadly consistent across the different estimates, with the model showing a warm bias 188 

of about 1°C compared to PIRATA from March to May, and smaller biases (<0.5°C) during the rest of 189 

the year—well below the typical biases found in climate coupled models for this region (Richter and 190 

Tokinaga, 2020). Differences are much larger regarding the high frequency SST variability, and reflect 191 

some of the differences already inferred in Fig. 1d-f. OISST shows nearly twice the variability of the 192 

other products, while ERA5 exhibits a flat seasonal cycle. This higher OISST variability could result 193 

from biases of satellite measurements that cannot be resolved by Huang et al. (2021) algorithms. This 194 

suggests that state-of-the-art products such as OISST and ERA5 may not be well-suited for investigating 195 

high-frequency SST variations in this region. Unlike OISST and ERA5, the model is in good agreement 196 

with PIRATA observations, and accurately captures the seasonal cycle of 2–10-day SST variability, 197 

reaching a maximum in July-September (Fig. 2b). 198 

3.2 10-meter winds 199 

We now assess the model’s ability to reproduce surface wind conditions by comparing 10-m winds from 200 

the coupled model with those from ERA5, the ASCAT scatterometer, and in-situ PIRATA 201 

measurements. Figure 3 presents the mean 10-m wind (speed and direction) and the standard deviation 202 

of anomalies band-pass filtered in the 2–10-day range for the JAS period. On average, the different 203 

products show the convergence of the trade winds from the North-East and South-East towards the 204 
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region of maximum SST (here > 27°C, Fig. 1), which appears to be a response of the winds to the SST 205 

anomalies (Sweet et al., 1981; Wallace et al., 1989). This pattern defines the ITCZ, located west of 206 

30°W and around 8°N at this time of year. The ITCZ then tilts northward (between 10°N and 15°N) on 207 

the east, following the SST maximum (Gill, 1980). In this region, after crossing the equator, the southern 208 

trade winds are deflected eastward by the effect of the Coriolis force. As these winds carry moisture, 209 

they bring the West African monsoon onto the continent during the summer. These characteristics are 210 

very well reproduced by the coupled model, despite a slight positive bias (< 0.5m/s) compared to 211 

ASCAT. ERA5, in turn, is closer to PIRATA and ASCAT along the position of the ITCZ and the West 212 

African coast, with a negative bias over the rest of the basin. Exhibiting a pattern similar to the 2–10-213 

day SST variability (Fig. 1), the 10-m wind variability is pronounced along the West African coast and 214 

extends offshore. The highest variability occurs off the coasts of Senegal and Mauritania, with values 215 

reaching up to 2 m/s.  216 

 217 

Figure 3: 10-m wind speed for the months of July-August-September (left panels) and corresponding 218 

standard deviation (right panels) over the 2001–2021 period for (a), (b) ASCAT, (c), (d) ERA5 and (e), (f) 219 

the coupled model. The standard deviation is computed from anomalies filtered in the 2–10-day band. In 220 

each panel, PIRATA mooring values are indicated by circles. 221 
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The monthly climatology of the 10-m wind and the corresponding standard deviation of anomalies in 222 

the 2–10-day frequency band are shown in Figure 4 for the model, ERA5, ASCAT and the PIRATA 223 

mooring at 23°W-12°N. A clear seasonality of the 10-m winds is seen, with minimum values in summer, 224 

corresponding to the passage of the ITCZ, and maximum values in winter. The different products exhibit 225 

similar seasonal fluctuations, with an overall average difference lower than 0.5 m/s. The 2–10-day 226 

variability of the wind at 10 m peaks in summer, with little difference between the model and the other 227 

products (< 0.2 m/s). 228 

 229 

Figure 4: (a) Monthly climatology and (b) monthly standard deviation of the 10-m wind speed at 23°W–230 

12°N over the 2001–2021 period for ASCAT (black), ERA5 (blue), the coupled model (green), and the 23°W-231 

12°N PIRATA mooring. The standard deviation is computed from anomalies filtered in the 2–10-day band. 232 

3.3 Vertical wind structure 233 

In this region, wind variability on timescales of 2 to 10 days is largely driven by AEWs. However, this 234 

range is quite broad, and it is well known that there are actually two distinct regimes, which we will 235 

refer to as southern and northern AEWs, each characterized by different vertical structures, periods, and 236 

horizontal distributions (Diedhiou et al., 1998b, 1999; Felice et al., 1990; Viltard et al., 1997). The 237 

objective here is to assess whether the model can accurately capture both types of AEWs: those with 238 

periods of 3–5 days (AEWs3−5day) and those with periods of 6–9 days (AEWs6−9day). 239 

Figure 5 presents a meridional section of the mean zonal wind (contours) and the variability of the 240 

meridional wind (shading) for the ERA5 reanalysis and the coupled model. The winds were filtered over 241 

the 2–10 day band, as well as the 3–5 day and 6–9 day bands. The results were then zonally averaged 242 

between 25°W and 15°W for the JAS period over 2001–2021. Overall, the coupled model reproduces 243 

the atmospheric column winds quite satisfactorily, exhibiting a spatial structure similar to that of the 244 

ERA5 data. However, the model produces a stronger wind signal than ERA5, with differences around 1 245 

m/s for the mean zonal wind and about 1.25 m/s for the standard deviation of the meridional wind. The 246 

African Easterly Jet is clearly distinguishable, with its core located near 600 hPa and 15°N, and wind 247 
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speeds of 12 m/s in ERA5 and 11 m/s in the coupled model. At the level of the African Easterly Jet, two 248 

maxima of meridional wind variability are observed: around 15°N for AEWs3−5day and around 25°N 249 

for AEWs6−9day. A maximum of meridional wind variability at low altitude (around 900hPa) is also 250 

observed between 16°N and 18°N for AEWs3−5day. These observations are similar to Wu et al. (2013) 251 

description of the two AEWs regimes. Around 10°N, the West African westerly jet is visible, with mean 252 

winds reaching 3 m/s for ERA5 and 4 m/s for the coupled model. It extends from the surface to 800hPa. 253 

This lower tropospheric dynamic is known to be the driver of moisture supply (coming from the ocean) 254 

to the West African rain system (Lamb, 1983; Grist and Nicholson, 2001; Liu et al., 2020).  255 

Overall, this comparison between the coupled model and atmospheric and oceanic datasets provides 256 

strong confidence in the model’s ability to represent the main characteristics of AEWs and SST 257 

variability. It also suggests that the 3–5 day band contains most of the energy near the surface and is 258 

therefore expected to have the greatest impact on SSTs. 259 

 260 

Figure 5: Latitudinal section of the standard deviation of meridional wind anomalies, longitudinally 261 

averaged between 25°W and 15°W, during JAS over the 2001–2021 period for (a), (b), (c) ERA5 and (d), 262 

(e), (f) the coupled model. Anomalies are band-pass filtered in the 2–10-day (left panels), 3–5-day (middle 263 
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panels), and 6–9-day (right panels) ranges. Mean zonal winds are shown as contours to highlight the zonal 264 

jets. 265 

4 Ocean surface response to AEWs 266 

4.1 An index representative of AEWs 267 

 268 

Figure 6: Standard deviation of the 10-m meridional wind anomalies (V-10m), band-pass filtered in the 2–269 

10-day range, during the JAS period from 2001 to 2021 for the coupled model. The location of the PIRATA 270 

mooring at 23°W-12°N is indicated with a black circle. It lies within the area of maximum variability. 271 

The colocalization of high wind and SST variability bands near 10°N (Fig. 1, Fig. 3), together with the 272 

peak variability observed during JAS for both variables, strongly suggest a link between AEWs and the 273 

high-frequency variability of SSTs. The influence of AEWs on the ocean surface of the North tropical 274 

Atlantic is assessed by projecting the anomalies of relevant physical fields onto an index designed to be 275 

representative of AEWs activity. In many previous studies, this index has been derived from the 276 

characteristic fields at the heart of these disturbances, such as meridional wind, relative vorticity, or 277 

outgoing longwave radiation (OLR), and has been applied to atmospheric variables (Diedhiou et al., 278 

2001; Fink and Reiner, 2003; Jiang et al., 2023; Kiladis et al., 2006). Given our focus on the impact of 279 

AEWs on SST, and the distinctive surface signature of AEWs (Fig. 5), we have selected a 10-m surface 280 

wind index corresponding to the mean meridional wind filtered over the 2-10-day period. The reference 281 

point for this index is set at the PIRATA mooring located at 23°W -12°N—an area of strong variability, 282 

sufficiently offshore to avoid coastal effects (Figure 6). Note that various index locations have been 283 

tested, including the site at 17.5°W-15°N proposed by Kiladis et al. (2006), but the results showed 284 

similar patterns and only minor differences in amplitude (not shown). 285 
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 286 

Figure 7: SST (in red) and 10-m meridional wind velocity (in blue) at 23°W-12°N during JAS 2015 for the 287 

coupled model: (a) non-filtered data, (b) band-pass filtered in the 2–10-day range. 288 

To illustrate the relationship between SST and the 10-m meridional wind, Figure 7 shows their evolution 289 

during the boreal summer of 2015, along with the 2–10 day band-pass filtered anomalies. The 10-m 290 

meridional wind alternates between southward (negative) and northward (positive) directions, as the 291 

area is located within the ITCZ during this period, resulting in fluctuations ranging from -5 m/s to 5 m/s. 292 

The high-frequency peaks, although generally offset by about 1-2 days, show a notable degree of 293 

correspondence, particularly in July, when strong southward wind bursts are often associated with 294 

surface cooling (Fig. 7b). 295 

4.2 Signature of AEWs on the SST 296 

To investigate the impact of AEWs on SSTs, we performed a lagged linear regression analysis using 297 

different model variables and the AEWs index, as defined in Section 4.1. The following results are 298 

subject to a student’s t-test, and only the statistically significant local fields (>95%) are shown. Figure 299 

8 shows the regression of the meridional winds at different time lags (in days), displaying the evolution 300 

of patterns typical of AEWs. Southwest–northeast oriented structures, with a meridional extent of 25–301 

30° (about 3,000 km) and a zonal extent of 15°, propagate from east to west. They originate from Central 302 

Africa with the lowest amplitude and spread towards West Africa. They reach a maximum amplitude (> 303 

6 m/s) over the coastal regions at 15–20°N and then gradually dissipate as they propagate westward in 304 

the central basin. This spatial and temporal behavior closely resembles that of structures observed at 305 

higher altitudes (e.g., Hsieh and Cook, 2007; Thorncroft et al., 2008; Leroux and Hall, 2009).  306 
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 307 

Figure 8: Lagged regression of atmospheric and oceanic variables onto the 2–10-day AEWs index, defined 308 

as the 10-m meridional wind anomaly at 23°W-12°N (with a positive index corresponding to a northward 309 

wind anomaly). Left panels show 10-m wind speed anomalies (shading) and meridional wind anomalies 310 

(contours). Right panels show SST anomalies (shading) and meridional wind anomalies (contours). 311 

Regressions are presented at different time lags (in days) to capture the temporal evolution associated with 312 

AEWs passage. The AEWs index time series used here is illustrated in Figure 7. 313 

As they propagate westward, AEWs structures associated with 2–10-day 10-m meridional wind 314 

anomalies exert opposite effects on the total surface wind field on either side of the Intertropical 315 

Convergence Zone (ITCZ). Specifically, a positive meridional wind anomaly leads to a weakening of 316 

the total wind speed north of the ITCZ and a strengthening of the wind south of it (Fig. 8a). The SST 317 

anomalies regressed on the AEWs index exhibit cooling and warming patterns that propagate from east 318 

to west, with stronger winds generally associated with cool SST anomalies (± 0.5 °C), and weaker winds 319 
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with warm anomalies (Fig. 8b). The modulation of wind intensity contributes directly to the dipole 320 

pattern of SST variability, suggesting that AEWs play a significant role in modulating SSTs through 321 

surface winds. 322 

5 The ocean mixed layer heat balance 323 

To better characterize the mechanisms through which the AEWs modulate SST in the tropical North 324 

Atlantic, we analyze the heat budget of the oceanic mixed layer (Jouanno et al., 2011). This approach is 325 

particularly well-suited for isolating and quantifying the physical processes that drive temperature 326 

changes in the surface layer, including air-sea heat exchanges, horizontal advection, and vertical 327 

diffusion. The various terms of the heat budget were evaluated in the model, and the temperature 328 

evolution in the surface layer, for a layer of thickness h, can be expressed as follows: 329 

𝜕𝑡𝑇 = −⟨𝑢𝜕𝑥𝑇⟩ℎ −  ⟨𝑣𝜕𝑦𝑇⟩ℎ −  ⟨𝑤𝜕𝑧𝑇⟩ℎ + ⟨𝐷𝑡⟩ℎ +
(𝐾𝑧𝜕𝑧𝑇)𝑧=−ℎ

ℎ
+

𝑄𝑠(1 − 𝐹−ℎ)  +  𝑄𝑛𝑠

𝜌0𝐶𝑝ℎ
 330 

Here, T represents temperature; u, v, and w correspond to the zonal, meridional, and vertical currents, 331 

respectively. 𝐹−ℎ refers to the fraction of solar radiation reaching depth h in the surface layer. This depth 332 

is defined as 5 m to ensure that the integrated trends remain consistent with near-surface ocean 333 

conditions. This equation represents the temperature evolution as the sum of the tendency terms related 334 

to horizontal and vertical advection, lateral and vertical diffusion and the atmospheric component which 335 

represents the combined effects of the solar flux Qs and the non-solar flux Qns. This latter includes net 336 

long-wave, sensible and latent heat fluxes. Terms related to oceanic processes (advection and diffusion) 337 

are grouped under T_OCEAN, while atmospheric terms are separated into non-solar surface fluxes 338 

(T_Qns) and solar fluxes (T_Qs).  339 

5.1 Oceanic processes versus heat fluxes in AEW-induced SST evolution 340 

As with SST, the different terms were time-filtered within the 2–10 day range prior to performing the 341 

regressions. Regressions were computed for the JAS period at time lags ranging from two days prior to 342 

two days after the AEW index, enabling us to track the evolution of each term during an AEW passage. 343 

For comparison, lagged regressions of 10 m wind speed, outgoing longwave radiation (OLR) and mixed 344 

layer depth are also superimposed.  345 

Figure 9 shows the regressions of the total temperature tendency and the different heat budget terms on 346 

the AEW index. As noted earlier, the impact of AEWs on SST is strongest in coastal regions, where 347 

their signature is most pronounced, and gradually weakens as they propagate offshore (Fig. 9a). At zero 348 

lag, the regression shows warming around 23°W–12°N, corresponding to a northward wind anomaly at 349 

the index location and a negative total wind speed anomaly. The evolution of SST associated with AEWs 350 

appears to result from multiple processes acting together. All of these processes contribute significantly 351 

to temperature changes, with none being negligible, and their effects are not perfectly in phase. Term 352 
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T_Qns (Fig. 9b) exhibits patterns resembling the overall temperature tendency but opposite to the wind 353 

anomalies, which can be explained by the fact that increased wind speed enhances latent heat flux (not 354 

shown), leading to SST cooling. Although weaker, solar radiation also contributes to the overall trend, 355 

which is linked to the modulation of cloud cover (OLR, contours in Fig. 9c). For example, a cooling rate 356 

of –0.2°C/day for (T_Qs corresponds to an OLR minimum of –40 W/m², and vice versa. Interestingly, 357 

these contributions are out of phase with (T_Qns, with the largest effects occurring north of 10°N, near 358 

the ITCZ during JAS.  359 

 360 

Figure 9: Lagged evolution of anomalies in the mixed-layer heat budget terms, regressed onto the 2–10-day 361 

AEWs index. Panels show: (column a) mixed-layer temperature tendency (dT/dt), (b) contribution from 362 

non-solar surface heat fluxes ((𝐓_𝐐𝐧𝐬, shading) with 10-m wind speed anomalies overlaid (contours), (c) 363 

contribution from solar radiation ((𝐓_𝐐𝐬, shading) with OLR anomalies (contours), and (d) oceanic 364 

processes (T_OCEAN, shading) with mixed-layer depth (MXL) anomalies (contours). Regressions are 365 

presented at different time lags (in days) to capture the temporal evolution associated with AEWs passage. 366 

The contribution of oceanic processes to SST modulation represents a key part of the ocean’s response 367 

to AEWs (Fig. 9d). Note that thermal advection is negligible offshore and very weak near some coastal 368 

areas. Vertical mixing (vertical diffusion) primarily controls T_OCEAN (not shown). The observed 369 

cooling and warming patterns correspond, respectively, to positive (deepening) and negative 370 

(shallowing) mixed layer depth anomalies of approximately ±6 m. The temporal evolution at different 371 

lags reveals that the cooling induced by T_OCEAN is associated with increasing wind speeds (Fig. 9b), 372 

indicating that the two signals (wind and T_OCEAN) are in phase quadrature. This indicates that the 373 

intensified winds associated with AEWs deepen the mixed layer, entraining cooler subsurface water to 374 

the surface and thereby cooling the SST. At zero lag, T_Qns cooling rates reach approximately -0.2 375 

°C/day, while the oceanic contribution (mainly vertical mixing) accounts for up to -0.15 °C/day, 376 
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confirming that both mechanisms contribute with comparable magnitudes. Thus, the SST response to 377 

AEWs results from a complex interplay between the effects of local wind speed on air-sea fluxes, the 378 

modulation of solar radiation by cloud cover, and the mixed layer deepening during phases of wind 379 

fluctuations.  380 

5.2 Dissociating the impact of AEWs in the 3-5 and 6-9-day bands 381 

As discussed previously, AEWs occur over two distinct time scales, typically corresponding to the 3–5-382 

day and 6–9-day bands, which have different meridional distributions. Consequently, the regression 383 

results presented earlier may be biased toward the more dominant wave band. To determine whether 384 

similar processes occur for both wave types, we perform regression analyses of dT/dt and its contributing 385 

terms using indices filtered separately for each band (Figure 10). The results confirm that AEWs in the 386 

3–5-day band have a significantly greater impact on SST compared to those in the 6–9-day band. This 387 

is consistent with the surface signature of  𝐴𝐸𝑊𝑠3−5𝑑𝑎𝑦 between 5°N and 25°N, as opposed to the 388 

higher-altitude and more northerly  𝐴𝐸𝑊𝑠6−9𝑑𝑎𝑦 structures (Fig. 5). For both types of AEWs, the results 389 

indicate that the SST response arises from a combination of air-sea fluxes and vertical mixing, 390 

contributing in roughly equal proportions.  391 

 392 

Figure 10: Same as Figure 9, but shown at lag 0 only. Panels present anomalies in the surface layer 393 

temperature tendency (dT/dt) and its contributing terms for the 2–10-day (top panels), 3–5-day (middle 394 

panels), and 6–9-day bands (bottom panels). 395 

6 Conclusion  396 

A 21-year regional coupled simulation over the tropical Atlantic is used to investigate the influence of 397 

African Easterly Waves on SST in the North Tropical Atlantic and to quantitatively assess the 398 

underlying processes. Although small biases in SST and wind are present, comparisons with reference 399 

satellite observations and atmospheric reanalysis datasets demonstrate that the simulation provides a 400 

robust framework and a solid tool for studying ocean–atmosphere interactions in the tropical Atlantic. 401 

The characteristics of AEWs—represented by westward-propagating meridional wind anomalies 402 

between 5°N and 25°N, with a typical zonal wavelength of about 15°—are well captured by the 403 

https://doi.org/10.5194/egusphere-2025-4429
Preprint. Discussion started: 26 September 2025
c© Author(s) 2025. CC BY 4.0 License.



 

PA

GE 

31 

 17 

simulation and show good agreement with observations and reanalysis datasets. In addition, the temporal 404 

separation into 3–5-day and 6–9-day variability reveals distinct branches characterized by their latitude 405 

and vertical structure, in agreement with the literature. This study highlights for the first time a consistent 406 

AEW-related imprint on SST in the tropical Atlantic, with anomalies occasionally exceeding ±0.5 °C. 407 

The combined effect of latent heat fluxes, shortwave radiation, and vertical mixing underscores the 408 

critical role of AEWs in shaping mixed-layer dynamics. 409 

The signature of AEWs on SST is identified by projecting filtered wind anomalies — used as a 410 

representative AEW index — onto SST fields, revealing a significant and consistent AEW-related 411 

imprint. A similar projection applied to the temperature tendency terms of the heat budget shows that 412 

AEW-related SST anomalies result from a combination of non-solar heat flux fluctuations (mainly 413 

latent) driven by surface winds, shortwave radiation variations linked to cloud cover changes, and 414 

modulation of ocean mixing associated with mixed-layer variability. The results also highlight a stronger 415 

SST response between 5°N and 20°N from 3–5-day AEWs compared to 6–9-day AEWs, consistent with 416 

their more pronounced surface signal south of 20°–25°N. While such methodologies have been applied 417 

to atmospheric fields, to our knowledge, this is the first time that this type of identification has been 418 

demonstrated for oceanic fields. 419 

This quantitative assessment of the impact of African Easterly Waves (AEWs) on dynamic and 420 

thermodynamic heat fluxes is useful when compared with previous studies. Several studies have shown 421 

that the role of atmospheric wind and latent heat fluxes dominates variability from intraseasonal to 422 

interdecadal timescales (Foltz et al., 2003), while the role of mixing has mainly been identified as 423 

enhancing in the upper thermocline within 2°N–2°S (Jouanno et al., 2011) relative to off-equatorial 424 

regions (Hummels et al., 2014). However, turbulence remains the most challenging component to 425 

quantify and assess, and high-frequency phenomena can also contribute to local mixing outside the 426 

equatorial region (Foltz et al., 2020; Hummels et al., 2020). The mixing component may reflect the 427 

influence of near-inertial currents, which align with the seasonal cycle of AEWs and enhance turbulent 428 

mixing over extensive regions of the eastern tropical North Atlantic (D’Asaro, 1985; Plueddemann and 429 

Farrar, 2006; Hummels et al., 2020). The next step is therefore to investigate the role of near-inertial 430 

activity in the mixing contribution, noting that the model’s near-inertial kinetic energy levels are 431 

comparable in both spatial distribution and amplitude to previous estimates (not shown). 432 

This raises questions about our methodology, which relies on regressing wind fields onto variables such 433 

as SST. While this approach primarily captures synchronous responses, it may overlook effects that 434 

occur out of phase. Tests applying time lags from –2 to +2 days did not significantly change the results. 435 

This indicates that, unlike the more immediate effects of solar radiation and latent heat fluxes linked to 436 

cloud cover and wind fluctuations, the influence of near-inertial waves—generated by AEW-related 437 

wind bursts and potentially propagating over several days—may be underestimated. The study 438 

highlights the need for additional numerical experiments, such as masking AEWs by nudging winds 439 
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toward climatology, to better isolate oceanic processes and their influence on interannual timescales. 440 

Beyond advancing process understanding, these findings are relevant for improving the representation 441 

of synoptic variability in coupled models, reducing persistent SST biases, and ultimately enhancing 442 

tropical cyclone prediction and seasonal climate forecasts.  443 
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Open research 444 

Temperature, salinity, wind and heat flux data from the PIRATA moorings used in this study are 445 

available from the Global Tropical Moored Buoy Array at 446 

https://www.pmel.noaa.gov/tao/drupal/disdel/. NOAA OI SST V2 High Resolution Dataset data 447 

provided by the NOAA PSL, Boulder, Colorado, USA (https://doi.org/10.1175/JCLI-D-20-0166.1). 448 

ERA5, ASCAT. Numerical simulated fields used for diagnostics are available at 449 

(https://doi.org/10.6084/m9.figshare.30095101). All analyses were performed and all figures created 450 

using Python.  451 
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