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Geographical context of West Africa (WA)

ITCZ = intertropical convergence zone
Low level WAW.J = west african westerly jet
WAM = west african monsoon

AEW = African Easterly Wave
~ 700 hPa < AEJ = African Easterly Jet
MCS = Mesoscale convective systems

Marine ITCZ ___pwr=™ s A
:_/ . ) MCS formation ( > 80 % of

WAWJ precipitation)

WAM

From Garnier 1976

Sudano-Sahelian zone + opening onto the Atlantic
West African climate: between oceanic and continental influences
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West African Monsoon System

— QQ\\?a |

From Sheen et al. (2017)

WAWJ = west african westerly jet
WAM = west african monsoon
AEJ = African Easterly Jet

TEJ = tropical Easterly Jet

The climate of the Sahel is part of a very complex large-scale atmospheric circulation.
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Climate models still do not accurately represent the magnitude of observed precipitation in the Sahel.

=> Importance of better understanding the mechanisms behind these variabilities.
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Motivations

Many studies highlight the crucial role of sea surface temperature (SST):

At the global scale, through atmospheric teleconnections:

the equatorial Pacific (El Nifio—Southern Oscillation), the Mediterranean Sea, and North Atlantic

Oscillation (Janicot et al., 2001 ; Rowel et al., 2001 ; Giannini et al., 2003...)
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Motivations

Many studies highlight the crucial role of sea surface temperature (SST):

At the regional scale:

Rainfall in the Gulf of Guinea and the Brazilian coasts (Polo et

The equatorial Atlantic (Atlantic Nifio)
} al., 2008 ; Losada et al., 2012 ; Worou et al., 2020...)

The South Tropical Atlantic

The North Tropical Atlantic (NTA)
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Motivations

Many studies highlight the crucial role of sea surface temperature (SST):

At the regional scale:

The equatorial Atlantic (Atlantic Nifio)

The South Tropical Atlantic

atmospheric disturbances

(AEWSs)
downstream

P
«

The North Tropical Atlantic (NTA)

« Rainfall over the WA is insensitive to SST anomalies over the NTA (Vizy and Cook, 2000; Hagos and
Cook 2008).

« Active response of NTA on precipitation in the Western Sahel (Wane et al. 2023), air-sea interaction
signal around 10°N (Amaya et al., 2017),
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Motivations

Many studies highlight the crucial role of sea surface temperature (SST):

At the regional scale:

The equatorial Atlantic (Atlantic Nifio)

The South Tropical Atlantic

atmospheric disturbances

(AEWSs)
downstream

P
«

The North Tropical Atlantic (NTA)

We investigate the atmospheric response to SST anomalies over the NTA.
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Outlines

1. Air-sea interaction in the Northeastern Tropical Atlantic during the
summer WAM at intraseasonal time scales

2. Anomaly in SST and atmospheric circulation associated with above-
average seasonal rainfall in Senegal



Outlines

1. Air-sea interaction in the Northeastern Tropical Atlantic during the
summer WAM at intraseasonal time scales
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Maximum covariance analysis between SST (JAS) and surface wind between 5°N and 15°N

09



a) Covariance index of the leading mode as a function of the time lag between wind and SST
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* mode clearly more dominant when the atmosphere leads the ocean (negative lags),

* less dominant but still significant for more than 2 weeks when the atmosphere lags.
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a) Covariance index of the leading mode as a function of the time lag between wind and SST
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a) Covariance index of the leading mode as a function of the time lag between wind and SST
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ERADS reanalyses (1 July to 30 September, 2000 2020): anomalies
obtained from the linear regression onto the SSTW index

Days preceding the SSTW index peak:
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a positive pressure anomaly (high) forms between 10°N and 25°N and propagates westward, consistent with the
passage of an easterly wave.
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ERADS reanalyses (1 July to 30 September, 2000 2020): anomalies
obtained from the linear regression onto the SSTW index

Days preceding the SSTW index peak:
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Weakening of surface winds induces the warm SST anomaly observed between 5°N and 15°N.
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10Mm-Wind

dSST/dy, SST
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ERADS reanalyses (1 July to 30 September, 2000 2020): anomalies
obtained from the linear regression onto the SSTW index

Days following the SSTW index peak:
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ERADS reanalyses (1°" July to 30t September, 2000 2020) anomalies
obtained from the linear regression onto the SSTW index:
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Outlines

2. Anomaly in SST and atmospheric circulation associated with above-
average seasonal rainfall in the western Sahel



Linear regression on the principal component of seasonal precipitation

in Senegal, ERA5, monthly JAS 1979-2018 (Thiam et al. 2024)
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Impact of the Sea Surface Temperature in the North-Eastern
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Abstract This study examines 40 years of monthly precipitation data in Senegal (1979-2018) using
Climatic Research Unit observations and ERAS reanalyzes, aiming to understand the influence of oceanic and
atmospheric factors on Senegal's precipitation in July, August and September (JAS). The variability of Sencgal's
precipitation is first compared with that of the broader Sahel region: although they share a significant portion
of their variance, Senegal appears more closely related to the Northeastern Tropical Atlantic (NETA) Sea
Surface Temperature (SST). A detailed examination of this region reveals that Senegal's increased precipitation
is linked to the northward shift of the InterTropical C Zone, consistent with previous
studies. Over the continent, this shift corresponds to a northward shift of the African Easterly Jet (AEJ) and,
the ive systems (MCSs) responsible for most precipitation. It seems primarily
driven by the northward shift of the Heat Low. Over the ocean just west of Sencgal, there is a comparable
shift of the AEJ, accompanied by an increase in low-level moisture transport convergence within the West
African Westerly Jet (WAWJ) which explains the majority of the increase in JAS precipitation in Senegal.
This phenomenon is triggered by a negative pressure anomaly in the NETA, located above a positive SST
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: we suggest that the latter is the origin of the former, forming a feedback mechanism that potentially
significantly influences Senegal's precipitation. The ism involves a ic adj of the
'WAWIJ to the southern gradients of the SST anomaly.

Plain Language Summary This study, spanning 40 years of monthly precipitation data in Senegal,

Warm SST, SLP - = 10m-wind, north of the
ITCZ and warm the SST (positive feedback)

10m wind strengthen south = shift north of

the ITCZ

Few weeks persistence on NETA coupled mode at
intraseasonal time scale = probably has a significant
influence on the seasonal cycle of precipitation in the West
Sahel.
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Conclusions

Intraseasonal coupled variability mode between SST and surface wind in the Northeastern Tropical
Atlantic (NETA):

* Warm SST anomalies are significantly covariant with a weakening of the surface wind north of 8°N and a

strengthening to the south.

* Areversal of the zonal wind occurs when wind responds to SST anomalies within 1 to 2 weeks = negative

feedback.

* The persistence of the signal is due to positive feedback north of the warm anomaly, which shifts the
anomalies northward.

* These intraseasonal mechanisms may partly control the seasonal northward migration of the ITCZ.



Can climate models represent the atmospheric response to local SST anomalies in the
NETA?

Linear regression of air temperature and 10-m wind onto the SSTW index based on WAWJ air
temperature, 1979-2014

AMIP CMIP

AMIP: Reglin Wind / SST on SSTW (32°W-19°W.

HIST: Reglin Wind / SST on SSTW (32°W-19°W)
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Greater atmospheric response on the coupled model than on the forced model

AMIP: Atmospheric model forced by observed SST
CMIP: Coupled ocean-atmosphere model

20







