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Abstract. The impact of spring intraseasonal wind bursts em surface temperature variability in the eastern
Tropical Atlantic Ocean in 2005 and 2006 is invgated using numerical simulation and observatidis.
specially focus on the few documented coastal regast of 5° E and between the equator and 7° 1Shdth
years, the southerly winds strengthening inducealimg events through i) upwelling processes; grtical
mixing due to vertical shear of zonal current; &ordsome particular events iii) a decrease of incgnsurface
shortwave radiation. The strength of the coolingres was modulated by subsurface conditions afidayethe
arrival of Kelvin waves from the west influenciniget depth of the thermocline. Once impinging thetezas
boundary, the Kelvin waves excited westward-profiagaRossby waves which, combined with the effect o
enhanced westward surface currents, contributeatiedovestward extension of the cold water. A paldidy
strong wind event occurred in mid-May 2005 and edusn anomalous strong cooling off Cape-Lopez and i
the whole eastern Tropical Atlantic Ocean. Fromahalysis of oceanic and atmospheric conditionsnduthis
particular event, it appears that anomalous strgpring wind strengthening associated to anomaltnosc
Hadley cell activity made the event as a decisixenewhich prematurely triggered the rainfall caasinset in
the northern Gulf of Guinea. Results show thatinolar atmospheric conditions were observed overB98-
2008 period. It is also found that the anomalousaaic and atmospheric conditions associated teveat
exerted strong influence on rainfall off Northe8sazil. This study highlights the different procesghrough
which the wind power from South Atlantic is broudbtthe ocean in the Gulf of Guinea and emphadizes
need to further document and monitor the Southntaregion.

1.Introduction

The eastern equatorial Atlantic Ocean shows a pnoced seasonal cycle in sea surface temperaturE) (SS
(Wauthy, 1983; Mitchell and Wallace, 1992). Oneosyy signature on the SST seasonal cycle in thersast
equatorial Atlantic is the Atlantic cold tongue (AC(Zebiak, 1993) characterized by a fast drop $T $up to

7° C) in boreal spring and summer slightly souttihaf equator and east of 20°W (Merle, 1980; PickeB3).

During boreal summer, the southern boundary ofd¢b@er temperature connects progressively withethgtral
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winter cooling of the Southern hemisphere SSTs.uflper of observational (Merle, 1980; Foltz et 2003)
and modeling (Philander and Pacanowski, 1986; Yalet2006; Peter et al., 2006) studies show that t
development of the ACT is driven by the seasonaleiase of the Southern Hemisphere trade winds gllaie
boreal winter to early summer (Brandt et al., 20&&}ociated to the meridional displacement of tierd
Tropical Convergence Zone (ITCZ) (Picaut, 1983;igal989; Waliser and Gautier, 1993; Nobre and &huk
1996). The equatorial cooling would be regulatedabgoupling between thermocline shoaling, subserfac
dynamics (Yu et al., 2006; Peter et al., 2006; Watlal., 2011; Jouanno et al., 2011) including uight
mixing, vertical advection and entrainment, as aslhorizontal advection. The equatorial thermectihoaling

is the consequence of local and remote wind forcthg strengthening of easterly winds in the wester
equatorial Atlantic remotely forces the seasonaleljing in the eastern part of the basin via equakdelvin
waves (Moore et al., 1978; Adamec and O’'Brien, 1®i&alacchi and Picaut, 1983; McCreary et al. 4)98

Besides the dominant seasonal cycle, the eastgitat Atlantic is under the influence of meridibsautherly
winds (Picaut, 1984) which fluctuate with a periddse to 15 days (Krishnamurti, 1980; de Coétlogbal.,
2010; Jouanno et al.,, 2013). These intraseasonad Wuctuations are therefore expected to be a majo
contributor to the seasonal SST cooling and tHeatdiations occur as a vector of energy and monmeritam

the South Atlantic to the eastern equatorial Attan& connection between the strength of the Stlehie
Anticyclone and SST anomalies in the southeastampidal Atlantic has been described by Libbeckalet
(2014). These authors suggest that the St. Heleniy&lone variability might be an importance sauraf
anomalous tropical Atlantic wind power which affec8ST in the eastern equatorial Atlantic via sdvera
mechanisms: zonal wind stress changes in the westpratorial basin, wave adjustment, meridionakation

of subsurface temperature anomalies, intraseasondlstress variations, and possibly even otherhaeisms.
Through the in situ data analysis of AMMA/EGEE ees (Redelsperger et al., 2006; Bourlés et al.7)200
carried out in 2005 and 2006, Marin et al. (200®)ve that the SST seasonal cooling at the equatiroéd.0°

W is not smooth but results from the successioshafrt-duration cooling events generated by soutbegs
wind bursts due to the fluctuating St. Helena Ayttione. In addition, according to Leduc-Leballetrag
(2013), the sharp and durable change in the atneoigpbirculation in the northern Gulf of Guinea (doly
strong southerlies north of equator) takes placeuth an abrupt seasonal transition prepared lig@ession of
southerly wind bursts and possibly triggered bygaificantly stronger wind burst. The southerly @ibursts
occurring in spring in the Gulf of Guinea thus wabyllay an important role in driving precipitatioattern in
the area through air-sea interactions (de Coétlagoal., 2010; Nicholson and Dezfuli, 2013) and piimg
between the ACT and the West Africa Monsoon (WAM).

Improving our understanding of the impact of sudhdibursts on SST variability at intraseasonal es@althe
eastern Tropical Atlantic is important throughlitsk with the regional climate. However, while tR&T and
Angola-Benguela regions have been the object ofyrstudies, the dynamics and SST variability of ¢bastal

eastern region is much less documented.
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In this study, we therefore first focus our anaysff Cape-Lopez (defined from 0° N-7° S; 5° E-HEand
hereafter called CLR for ‘Cape-Lopez region’) aim & improve understanding of its seasonal SSTakdity
and the impact of intraseasonal winds on SST viitiallluring spring and summer. To this end, we use
regional high resolution model results as wellatelite SST data and sea surface height obsensmtie first
use model outputs from 1998 to 2008 to analyzestwsonal cycle in CLR and to highlight its intengain
variability, and then we specially focus on the rge2005 and 2006 to investigate the SST response of
intraseasonal wind forcing. These two particulaargewere largely investigated during the Africanridoon
Multidisciplinary Analyses (AMMA) experiment (Redglerger et al., 2006). The year 2005 is charaeteizy
the lowest SST values in the ACT during the pade&ades (along with 1982), while 2006 is considaea@
normal year (Caniaux et al., 2011). Also, 2005 kithithe earliest development of the ACT. The stai$ST
variability at intraseasonal scale during these tyears is thus interesting for better understandimgr
observed differences in SST seasonal conditionesd kwo particular years have been also chosenarin Mt

al. (2009) to study the variability of the propestiof the ACT. Their study concerned the equatarieh west of
4° E, whereas we propose to focus in CLR, east & @Where coastal processes are expected to béuvo

Most studies on CLR focused on the analysis of mfag@nal dataset to examine the hydrology andeé&sonal
variation along the frontal (coastal) region of Gor(e.g. Merle, 1972; Piton, 1988) or on the impzfac€ongo
River on SST and mixed layer (e.g. Materia et2012; Denamiel et al., 2013; White and Toumi, 2044 to
our knowledge, no detailed analysis of SST varigbdt seasonal and intraseasonal time scales baga
realized. A better understanding of ocean-atmospheeractions in this region is thus needed. Spregious
studies related to the whole eastern Tropical Aita¢Gulf of Guinea) suggest that multiplicity ofqezesses
could be in play in CLR, coupling remote and loftating, and combined with the very low thermalriree of
the mixed layer depth. For example, Giordani et(2013) show from regional model results that hmmtal
advection, entrainment, and turbulent mixing sigaifitly contribute to the heat budget east of 3%&¥duse of
the very thin mixed layer. The upper layers of tleeth CLR might also be impacted by vertical mixinduced
by the intense current vertical shear between thehSEquatorial Current, flowing westward at theface, and
the subsurface eastward Equatorial Under-Currentaddition to local forcing, the area is also unttes
influence of the arrival of equatorial Kelvin waveEsm West and their reflection, once reaching Atfigcan
coast, poleward as coastally trapped waves andwasstas Rossby waves (Moore, 1968; McCreary, 1976;
Moore and Philander, 1977). The principal sourcthefequatorial Kelvin waves has been usually edlad the
western equatorial zonal wind changes during lated winter to early summer (e.g.; Philander, 3990
order to better understand the triggered mechawisitelvin waves generation which conditions the euix
layer properties in the CLR, another purpose of tstudy is thus to identify the atmospheric condi
coinciding with the Kelvin waves generation in i#vest of the basin during winter 2005 and 2006.

Several studiese(@. Okumura and Xie, 2004; Caniaux et al., 2011; Ngustal., 2011; Thorncroft et al., 2011)
put into evidence a high correlation between theT ADd the WAM onset in the Sahelian region. Basedro

analysis of 2Fears of data, Caniaux et al. (2011) identified year 2005 as the year with the earliest WAM
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105  onset date (around 19 May 2005 whereas they ddfmenean onset date on 23 June +/-8 days). Acaptdin
106 Marin et al. (2009), the time shift in the develagm of the ACT between 2005 and 2006 is related to
107  particular wind burst event in mid-May 200Ehis mid-May 2005 event therefore appears as exgatistrong
108 influence on the WAM. In a second part of the studg thus focus on this particular wind event fhr@ceded a
109 strong cold event in the far eastern Tropical Aitaalong with an early ACT development. We aindascribe
110 i) the atmospheric and oceanic conditions during fgarticular event; ii) to what extent it is inved in the
111 WAM system; and iii) which processes make it anegtional event.

112 The remainder of the paper is organized as folldwsSect. 2, the model and observational data ursedis
113  study are described. The seasonal and interanauability of SST, winds, currents, 20° C-isothedepth and
114 sea surface heat flux in the CLR are analyzed @t.Se The cooling events generated in responsettherly
115 wind bursts and the other forcing mechanisms indpliethe CLR are investigated in details for tharge2005
116  and 2006 in Sect. 4. In Sect. 5, we focus our &mlyn the unusual wind burst occurring in mid-MV29P5.
117 Finally, the main results are summarized and disedisn Sect. 6.

118

119 2. Model and data

120  The numerical model used in this paper is the Regi®@ceanic Modeling System (ROMS) (Shchepetkin and
121 McWilliams, 2005). The model configuration is thansee as employed in Herbert et al. (2016), and the
122 following text is derived from there with minor miidations.

123 ROMS is a three-dimensional free surface, splitiepcean model which solves the Navier-Stokemitive

124 equations following the Boussinesq and hydrostpiproximations. We used the ROMS version devel@ted
125 the Institut de Recherche pour le DéveloppemerD)featuring a two-way nesting capability basedA@®RIF

126 (Adaptative Grid Refinement In Fortran) (Debreuagt 2012). The two-way capability allows interacts
127  between a large-scale (parent) configuration atetoresolution and a regional (child) configuratianhigh
128 resolution. The ROMSTOOLS package (Penven et GD8pRis used for the design of the configuratiohe T
129 model configuration is built following the one pemihed by Djakouré et al. (2014) over the TropicédhAtic.
130  The large scale domain extends from 60° W to 1E&.3hd from 17° S to 8° N and the nested high reéisolu
131 zoom focuses between 17° S and 6.6° N and betw@eWland 14.1° E domain. This configuration alldes
132 equatorial Kelvin waves induced by trade wind vigoizs in the western part of the basin to propagatethe
133 Gulf of Guinea and influence the coastal upwell{8grvain et al., 1982; Picaut, 1983). The horizogtal
134  resolution is 1/5° (i.e. 22 km) for the parent gadd 1/15° (i.e. 7 km) for the child grid (see Hatbet al.
135 (2016), their Fig. 1). This allows an accurate hatson of the mesoscale dynamics since the firsodanic
136 Rossby radius of deformation ranges from 150 to R30in the region (Chelton et al., 1998). The \oati
137  coordinate is discretized into 45 sigma levels watrtical S-coordinate surface and bottom stretghin
138  parameters set respectively to theta_s = 6 and_thet O, to keep a sufficient resolution near thease
139 (Haidvogeland Beckmann, 1999). The vertical S-coatg Hc parameter, which gives approximately the

140 transition depth between the horizontal surfacelleand the bottom terrain following levels, is tetHc = 10
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m. The GEBCO1 (Global Earth Bathymetric Chart & @ceans) is used for the topography (www.gebcp.net
The runoff forcing is provided from Dai and Trenthés global monthly climatological run-off data g&ai and
Trenberth, 2002). The rivers properties of salirmibd temperature are prescribed as annual meaasvalne
river (Amazon) is prescribed in the parent modeilevfive rivers, that correspond to the major ravgaresent
around the Gulf of Guinea, are prescribed in thidamodel (Congo, Niger, Ogoou, Sanaga, Volta).tie
surface, the model is forced with the surface laeat freshwater fluxes as well as 6 hourly windsstréerived
from the Climate Forecast System Reanalysis (CKB&)zontal resolution of ¥4°x ¥%°) (Saha et al., @0Dur
model has three open boundaries (North, South,Vdest) forced by temperature and salinity fieldsfrthe
Simple Ocean Data Analyses (SODA) (horizontal nesmh of %4°x%2°) (Carton et al., 2000a, 2000b; Gart
and Giese2008). The simulation has been performed on IFREMERarmor super-computer and integrated
for 30 years from 1979 to 2008 with the outputsraged every 2 days. A statistical equilibrium iaaieed after
~10 years of spin-up. Model analyses are baseth@®R-days averaged model outputs from year 199@a0
2008. The model has already been validated suediysgfith a large set of measurements and climafickd
data, and more detailed information about the medkdiations can be found in Herbert et al. (2016).

For SST observations, we use data obtained fronsunements made by the Tropical Rainfall Measuring
Mission microwave imager (TMI). The dataset is agee product available at www.remss.corhe SST data
have a spatial resolution of ¥° and for the presamy the 10 years’ time series, from 1 Janu&38lio 31
December 2008, obtained as 3-daily field. The irtepdrfeature of the microwave retrievals is thataih give
accurate SST measurements under clouds (Wentz 208D). However, the major limitation to the noimave
TMI observations is land contamination which resiit biases of the order of 0.6°K within about k@0 from

the coast (Gentemann et al., 2010). Thus, in thinm@p Interpolation TMI product the offshore zonétwno
data extends at approximately 100 km from the cogss limits to some degree the analysis of nemstal

regions, in particular those dominated by coagtalalling dynamics.

We also use for this study daily sea surface heig8H) data, which are available for the period3t2®12 and
maintained by the organization for Archiving, Valtibn, and Interpretation of Satellite Oceanogreptata
(AVISO; www.aviso.altimetry.fr). The sea surfaceidi# dataset is a merged product of observatioom fr
several satellite missions Ssalto/Duacs (Segmehtn8dtimissions d’ALTimétrie, d’'Orbitographie et de
localisation précise/Developing Use of Altimetry folimate Studies) mapped onto a 0.25° Mercatojeption
grid. All standard corrections have been made toaat for atmospheric (wet troposphere, dry tropesp and
ionosphere delays) and oceanographic (electromiagbiets, ocean, load, solid Earth and pole tidéfScts.
The mean sea surface topography for the period-28®8® was removed from the SSH to produce seacsurfa
height anomalies.

In addition, surface pressure data were studiedguEICMWF Atmospheric Reanalysis (ERA) for the 20th
Century product. The four-hourly data are dailyraged and is available on https://rda.ucar.egbsite. The

product assimilates surface pressure and marine @bservations.



Ocean Sci. Discuss., https://doi.org/10.5194/0s-2017-74 .
Manuscript under review for journal Ocean Sci. Ocean Science
Discussion started: 4 October 2017 Discussions
(© Author(s) 2017. CC BY 4.0 License.

177

178
179

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

200
201
202

203
204
205

206
207
208
209
210
211

3. Seasonal variability of surface conditionsin CLR
The purpose of this section is to describe theasedstmospheric and ocean surface conditionsarCitR.

The seasonal variability of SST, surface windssstrénorizontal current intensity, depth of 20° Gtierm
(hereafter referred to as z20), and the surfacéestflux from monthly averaged model outputshie €LR for
each year from 1998 to 2008 and averaged overdghedbare shown on Fig. 1. The reliability of thedsl is
also provided by comparing the simulated and theesponding TMI SST climatological seasonal cyaléhie
CLR (Fig. 1a). The SST variations display an anroyale with highest temperature in boreal winteafw
season), when the ITCZ reaches its southernmogigeoand the trade winds are weakest, and mininaalues

in boreal summer (cold season), when the tradessify. The most salient features of the atmospheric and
hydrographic fields during May-June are also illattd on Fig. 1 by May-June averaged maps. Deapitarm
bias (~1° C) compared to satellite observationd| kvewn in the eastern tropical Atlantic regiongeZeng et
al., 1996; Davey et al., 2002; Deser et al., 2@0i8ang et al., 2007; Richter and Xie, 2008), the ehq@detty
well reproduces the satellite SST pattern. The BI&y-June average map indicates that the boreal surSB&T
minimum is related with intensified cool SST arowdi®, in the Congo mouth region. In this regiomr, thast is
oriented parallel to the trade flow which reinfacm boreal summer, thus favorable to coastal upveel
processes. The mean alongshore wind stress durngJuhe reveals in fact that upwelling conditioms a
observed over most of the CLR. Wind stress magaiteghibits a semi-annual variability with a second
maximum in October—-December and a weakening dunithg September season (Fig. 1b). The strengthenfing
winds in spring is associated with a strengthemihgnean current speed, particularly off Cape-Lopeveen

2° Sto 4° S and west of 8° E in May-June (Fig. I¢je orientation of surface current is mostly west for
the May-June season, while it is northward fromoBet to January (not shown). This general pict@iudace

circulation is consistent with observations (Mefley2; Piton, 1988; Rouault et al., 2009).

The region is also characterized by a shallow tletime which depicts a strong semi-annual cyclg.(Bid).
The evolution of z20 reveals a thinning of the thecline during May-July and a thickening up to Qo

November when it exhibits a minimum.

The surface net heat flux exhibits a maximum inteirand a minimum in July (Fig. 1e), following theasonal
cycle of solar shortwave radiations. As visibletbe May-June average map, greater heating is fouadcool

waters, due to weaker heat loss via latent hertiilthese areas.

The seasonal cycle is modulated by strong yeae#s-yariations. The mean SST in the CLR in 2009scas
early as March from TMI data and April from the nebdata. SST reaches weaker values than the cliogito
ones, as observed by Marin et al. (2009) and Cargawl. (2011) west of 4° E. This 2005 cold angmial
associated with positive wind speed and surfaceentispeed anomaly in April-May (Fig. 1b&c) as wal
shallower-than-average thermocline depth. In 28T variations are very close to the climatologie
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212 Thus, the April-June season in the CLR appears &wrsitional period characterized by strong sealson
213 evolution, primarily governed by the local windsiath generate coastal upwelling in Congo mouth negind
214  modulated by the variation of thermocline depth.
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216 Figure 1: Monthly average of the (a) sea surface tempezaft€); (b) wind stress magnitude (N’ (c)
217  horizontal current speed (rf)s (d) 20° C-isotherm depth anomalies (m); ands(ejace heat flux (W.i) from
218 January to December from 1998 to 2008 and for limeatology (averaged over 1998-2008) simulated hey t
219 model (red curve) and from the observations : mgrakerage TMI 3-daily SST data (light blue curve(a));
220  averaged over 5° E-14° E and 7° S-0° S. Right panaps of each variable over May-June. For the vaind

221 the surface current, the color field shows the vittrdss magnitude and the current speed respactivel
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4. Analyze of cooling eventsin CLR in 2005 and 2006

In this section, we examine the impact of intraseakwind bursts on SST in CLR during the particylears
2005 and 2006 (Marin et al., 2009; Caniaux et 2011). We propose here to analyze in details th& SS

conditions in CLR, east of 5° E, for both years.

4.1 SST variations

In order to delineate the sequence of cooling evem analyze the SST variations from 2-days aeeragodel
outputs in 2005 and 2006 over the CLR, i.e. betwg®ek and 12° E (Fig. 3a&4a). In 2005, the intraseal
cooling events took place on 22-24 April, 8-12 Mag;:20 May, 26-30 May, 12-16 June and 30 June-g, Jul
with a temperature drop ranging between -0.2°CLt8°C. The cooling events occurred east of 5° Enfiday

to September. They concerned especially the soutbhquatorial region (around ~3-4° S), except fog th
strongest events where they reached more nortlyerat@rial regions, especially for the mid-May aatéiMay
2005 events. These latter were associated withtanse meridional SST front between the cold wsoeth of
the equator and the warmer water north of the @guas visible on SST map for 12 May 2005 presented
Fig. 2. We can see cold waters extending along@é#stern coast and in ACT region west of 5° W.himrhodel,
cold waters are deflected offshore off Cape-Lopk® to recursive bias in warm water intrusion taivere

south.

Besides, model SST fields (Fig. 3a) indicate that$ST minimum (~24° C) in 2005 was reached in,Judy
one month earlier than in 2006, as also noticeseasonal variations of SST averaged in the redian (a).
These results illustrate the important role in@eR of the succession of quick and intense coativents in the

establishment of persistent cold anomalies, adibigled by Marin et al. (2009) in the equatoriadicn.
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248 Figure 2: Map of the sea surface temperature (° C) on 12 R0#®5 from 3-days average TMI data (a) and from
249  the 2-days average model output (b). Note thathfermodel it corresponds to 11-12 May average veseier
250 TMldataitis 10-11-12 May averagéhe black square indicates the Cape-Lopez regilie(t'CLR’).

251
252 4.2 Forcing mechanisms
253 4.2.1. Local forcing

254 To examine the local forcing mechanisms respongdsléhe observed cooling events in CLR, the irgesonal

255  variations of wind stress magnitude anomalies aaenined and compared in 2005 and 2006 (Fig. 3b)& 4b

256 In 2005, successive periods of 6-16 days wind sifiation occurred from late-March to late-May.eTmain
257 cooling events described above are associated poisitive wind stress speed anomalies occurring 241
258  April, 2-6, 12-16 & 24-28 May, 8-12 & 28 June, wighmaximum for the 12-16 May event peaking on 14/ Ma
259 (at ~0.03 N.rif). Another period of wind intensification is evided in late March — early April but it did not
260 generate significant cooling despite comparablewan higher wind intensity than following wind et&nin
261 2006, periods of wind intensification were slighdliyorter than in 2005 and extended from mid-Maocimid-
262 May, interrupted by periods of negative wind ande®alThe main wind events occurred in 16-18 Ma2eh, &
263 16-24 April, 4-6 & 12-18 May, with maximum wind egs magnitude anomaly in 16-24 April. Also, the avin
264 event in late April 2006 did not generate a surfageling as strong as the mid-May 2006 one, despgker
265  wind stress magnitude anomalies. To depict thewtdre conditions during cooling events in CLR bmth
266  years, anomalies of the 20° C-isotherm depth aeerdiggm 5° E to 12° E are presented on Fig. 3c &H4wry
267 indicate strong correlation with SST anomaliesniraseasonal time scale with maximum values (up286 m)
268  observed during the 14 May 2005 event. In earlyil&8105 and before the late-April 2006, the theriimewas
269  deeper, that can explain why wind intensificatidh bt generate a surface cooling at these tinmeledd, at the
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time of the strong 16-24 April 2006 wind event, #89 anomalies was weaker south of the equatordheing
the 14-16 May 2005 event, making the SST lessixesatti comparable wind intensification. The sarretdee is
observed in early May 2006, when the z20 anomaiiisate deeper thermocline south of the equatmurad 4°
S than a few days later. Besides, the thermoclipeared shallower south of the equator in 2005 th&006,

in agreement with the difference of the coolingirgity observed between the two years.

The Ekman pumping velocitygaveragedlong 3-4° S is shown on Fig. 3d. It is correlateth wind intensity,
with maximum around 8°E at the dates of the 200% 2006 events, in agreement with the cooling events
identified mostly around 3-4°S (Fig. 3a & 4a). Tleximum upward velocity sometimes extended we&°of

E, as during April 2005 and June 2006 events.

Another process that may contribute to the coolinghe upper layer is the vertical mixing due tdeimse
vertical shear of the zonal current. The maximunthef zonal current vertical shear fields in CLRemaged
between 5° and 12° E for 2005 and 2006 (Fig. 3ee% dxhibited intensification south of the equatamtered
around 3-4° S. Weaker intensification also occumedasionally at the equator (located around 80ejtid
between the westward surface South Equatorial 8u#&EC — and the eastward subsurface Equatoniaétd
Current). Around 3-4° S, the vertical shear wavedriby the SEC, reinforced by prevailing southevinds
events through Ekman transport. It thus occurretth@tdate of wind events previously identified 2005 and
2006, with stronger vertical shear occurring ineday 2005. The intensity of the maximum of vealichear
during the events was quite similar between 20@b2006. The main difference lied in their meridibestent,
related to the meridional extent of the strengtdeseutherly winds which reached equatorial regionrg) the
May 2005 events (not shown). We can also noticé filracomparable wind intensification, the springda
summer wind events were not associated with corbfmratensity of vertical shear. The meridional @in
component favorable to westward Ekman transport a@sally stronger during April and May events than

during summer ones (not shown).

The heat content within the mixed layer is also amtpd by the sea surface heat fluxes.
The net heat fluxes averaged between 5° E and B2& Bhown on Fig. 3f & 4f for 2005 and 2006 resipety.
They indicate a net heating (~ 50-100 W)nover the 2° S - 5° S latitude band, where the 8&dling was
strongest, suggesting other mechanisms involvedeer, we notice some particular events during tviie
net heat flux was negative over most of the regiire strongest net cooling (-30 W3noccurred during the
26-28 May 2005 event. It was mainly due to a sudisrease of incoming surface short wave radigtionp

of about 140 W.Mbetween 22 and 28 May; not shown) suggesting isedaloud cover.
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302 Figure 3: (a) Time-latitude diagram, from 7° S to 1° N, the sea surface temperature (in ° C) averaged
303 between 5° E and 12° E; (b) Time evolution of tHadistress amplitude anomalies (\yraveraged between
304 5° E and 12° E and between 3° S and 0° S; (c)Ugsitime diagram of the 20° C-isotherm depth adiema
305 (m) averaged between 5° E and 12° E; (d) Longitime- diagram of Ekman Pumping anomalies #h.s
306 averaged between 3° S and 4° S; (e) Latitude-timgram of the maximum of the zonal current verttaar
307 (m.s") averaged between 5° E and 12° E (only the vatuésim.s" are plotted) ; (f) Latitude-time diagram of
308 the net heat flux (W.i) averaged between 5° E and 12° E; fréhdan. to 31 Dec. 2005.
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Figure 4: Same than Figure 3 but for 2006.

4.2.2. Remoteforcing
a. Highlighting of Kelvin wave propagation

As previously shown, the time of occurrence of ¢b&d events in the CLR coincides with steeper thamime
slope which allows a mixed layer temperature toniie reactive to surface forcing. Indeed, becadséso
proximity to the equator, the thermocline in CLRaféected by the arrival of equatorial waves, at#d in the
west part of the basin. Pairs of alternate dowragland upwelling Kelvin waves occur usually in Redry-
March, July-September and October-November. Upguirigement with the eastern boundary, the incoming
equatorial Kelvin wave excites westward-propagafRugsby waves and poleward-propagating coastaliiKelv
waves (Moore, 1968; Moore and Philander, 1977 Bli al., 2004; Schouten et al., 2005; Polo eR@D8). The
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20° C-isotherm depth anomalies along the equatdradong 9°E are presented on Fig. 5 and clearlgemde
large positive anomalies indicating shallower-tlzaerage thermocline, propagating eastward alongdhnetor
and then southeastward for both years. The eastmarpagation of Kelvin wave along the equator and
southeastward along the coast is also well visibl¢he basin-wide SSH anomalies (Fig. 6) with asgha
velocity of about 1.1-1.3m’s which fits well in the range between the second third baroclinic equatorial
Kelvin wave modes. The upwelling wave is in facted¢able by negative SSH anomalies, associated with
shallower-than-average thermocline. In 2005, negatpositive) SSH (z20) anomalies occurred in thesiAin
early April and in mid-May, whereas they occurreduad late-March and early May in 2006. The firghldn
wave thus reached the CLR slightly earlier in 266 2005, at the beginning of May.

Thus, the intensity of the cold events observedgring and summer 2005 and 2006 resulted from thath
basin preconditioning by remotely forced shoalifighe thermocline, local mixing and upwelling preses in
response to strong southerly local winds, as weheat flux variations. In 2005, stronger wind irgification
and favorably preconditioned oceanic subsurfacelitions, made the coupling between surface andustare

ocean processes more efficient than in 2006, iegilt stronger cooling.

Longitude Latitude Lonhgituds Latitude

Figure5: Time evolution of the 20° C-isotherm depth andeg(m) along the equator (between 54° W and 12°
E) and along 9° E (between the equator and 3°r)#05 (left) and 2006 (right).
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343

344 Figure 6: Time evolution of the sea level anomaly (m) aldmg ¢quator (between 54° W and 12° E) and along
345 9° E (between the equator and 3° S) for 2005 (laftfl 2006 (right) from AVISO data.

346
347  b. Kelvin wave generation and coinciding atmospheric conditionsin the West

348 In order to identify the wind activity which accomarpes the excitation of Kelvin upwelling waves imter
349 2005 and 2006 in the west part of the basin, wéyaedhe position of the ITCZ (averaged over 50°387-W)
350 identified as the latitude where the meridional dvstress goes to zero (Fig. 7a). The anomaly o&lzand
351 meridional components of the wind stress (Fig. 7h&uwe wind stress curl anomaly (Fig. 7d), as aslthe z20
352  and SSH anomalies (Fig. 7e&f), averaged in the tniah band (over 1° S and 1° N), are also preskrfer
353  the zonal wind stress, the frequencies > 1 morghremoved by a low-pass filtering and superimpaogig the
354 anomalies (red curve on Fig. 7c). Many authors sagthat the source of the equatorial Kelvin wavenainly
355 related to a sudden change of the western equatwizal wind (e.g. Picaut, 1983; Philander, 1998):
356 symmetric westerly (easterly) wind burst along ¢ggator will generate Ekman convergence (divergeacd
357  thus force downwelling (upwelling) anomalies whitlen propagate eastward as a Kelvin wave (BatfiS883;
358  Giese and Harrison, 1990). In 2005, shallower-thegrage thermocline, evidenced by positive (negatr20
359 (SSH) anomalies, occurred in the end of March-b@gmof April in the west part of the basin (Figg&fF). The
360 meridional and zonal wind stress anomalies indi¢ht¢ the maximum of thermocline slope anomaly was
361 associated with a strengthening of northeast tréalEsved by a strengthening of southeast trademfeither
362 side on the equator. At the equator, we noticeddda sudden reversing of meridional winds whichmedr
363 southward on 27-28 March 2005 related to an alsopthward displacement of the ITCZ which was themfi
364 south of the equator in the west part of the béSig. 7a&b). The ITCZ returned its initial positidour days
365 later followed by a strengthening of easterlies aluhpersisted for ~20 days (Fig. 7c). Climatolodicathe
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latitudinal position of the ITCZ varies from a mimim close to the equator in boreal spring (March/Ma the
west to a maximum extension of WO— 15N in late boreal summer (August) in the east. Resitnegative)
wind stress curl is found north (south) of the IT@Khen the ITCZ is north of the equator, it inducgsvard
(downward) Ekman pumping to the north (south) e KRCZ. Thus, the southward shift of the ITCZ onZ®
March 2005 accompanied with strong northerlies tlechegative anomaly of wind stress curl south @& th
equator resulting in upward Ekman pumping. Reslitsw indeed a strong negative anomaly on 22-26 iMarc
2005 associated with the southward shift of theZT@st before the upwelling signal, initiated on R&rch.
These changes contributed to a rise in the ocehartnocline with a time lag of some days (Fig. 7e&the
upwelling signal might then be reinforced by thensyetric easterly wind which concerned a large pathe
western basin. Besides, we identify on Fig. 6d leeropeak of negative wind stress curl anomaly @& Nay
2005, more sudden than the previous winter onga#t associated with positive (negative) z20 (SStdyraly
indicator of a thermocline rise initiated on 6 M2905 in the west of the basin and which propagatestward
along the equator. The zonal wind stress anomé#hés 6b) also indicate an easterly wind strengiign

initiated in the beginning of May, which a maximam 8-10 May, just after the minimum of wind stressl.

In 2006, the upwelling Kelvin wave is identified the first half of March in the west part of thestm(Fig.
7e&f). The coinciding atmospheric conditions welightly different than the ones identified in 2008.winter,
the position of the ITCZ had a more southern pasiin 2006 than in 2005. It crossed the equatondua
longer period (about 10 days from ~ Feb. 10 20@&)ching minimum latitude on 22-24 February. Thistion
south of the equator induced a negative wind stcessanomaly (Fig. 7d). As in 2005, the reversafnthe
meridional wind at the equator was followed by r@msgthening of westward component of the wind stfes
days after, which lasted for about ten days (F@); Bowever, it was of a lesser magnitude compéwezD05
and only concerned the westernmost part of thenbésiaddition, the negative zonal wind anomalyaned
mainly the northeasterlies rather than the southlésst, leading to an anti-symmetric meridional dvpattern as
well as symmetric zonal wind pattern on either sitethe equator (not shown). These wind patterne we

expected to generate Ekman convergence at the &durad thus to reinforce the observed upwellingnaalies.

Thus, for both years, Kelvin upwelling wave occdrie the west while easterly winds were strengtbeinem
either side of the equator after the ITCZ reachedouthernmost location. This latter was obsenrg month
earlier in 2006 than in 2005, and was associateld avinegative wind stress curl anomaly. In wint@é@®, the
ITCZ was found south of the equator after a verydsm southward shift and was followed by strondezhss
during ~20 days, while in winter 2006, the ITCZ wasind closer to the equator less sharply and duain

longer period, followed by weaker easterlies coragdao 2005.
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Figure 7: Time evolution, from 2-days averaged model owpof (a) the position (in latitude, between 5° S
and 10° N) where the meridional wind stress valpgaézero (indicator of the position of the ITCayer Jan-
Dec 2005 (left) and Jan-Dec 2006 (right); (b) theridional wind stress anomalies (N’jraveraged between
50° W and 35° W and between 1° S and 1° N; (c) sasnéb) but for zonal wind stress anomalies (R).fn
blue). The red curve is after the frequencies >ohtim are removed by a low-pass filtering; (d) thiedstress
curl anomalies (N.f) ; (€) the 20° C isotherm depth anomalies (m)iH# sea level anomalies (m). The black

arrow in (a) indicates the southward shift of tR€Z before the excitation of the Kevin wave (sed)te

4.3. Westward extension of the CLR cooling

In the east, the cooling generated by southerlybiarsts in the CLR then progressively extendedwarsl to
connect with the southern boundary of the equdt&@i. This phenomenon was more obvious in 2005whe
the cooling which first concerned coastal arearedee further offshore a few days after the tworsjrevents
occurring in the second half of May. To evidence ¢ffect of these events on SST, maps of SST aesreaid
wind stress monthly anomalies averaged over May 200 over the weeks before the strong events (ftoim
10 May) are presented on Fig. 8. The results iistan enhancement after 10 May of the coolinthéneast
associated with southerly wind intensification amdextension of the cooling especially south ofafeator up
to 20°W.
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Figure 8: (a) Sea surface temperature anomalies (° C; cslgrerimposed with wind stress intensity anomalies
(arrows) averaged over May 2005. Only the valu8si2m.§' are plotted; (b) same but averaged between 1
May and 10 May 2005 (b)

To better understand the oceanic processes imjpligls cooling extension, we examined the z20 aalim@s,
SSH anomalies and zonal velocities along 3° S (Fib-d). They reveal that the cooling westward iesien
was associated with a westward propagation of epstethermocline and negative SSH anomalies fram th
African coast up to 5°-10° W combined with enhansedface westward current fluctuations at the dateke
successive events from April-June. The fluctuatiohthe westward surface current occurring off Galdth
periods of ~8-10 days were related to the stremgtigeof southerly winds during the wind bursts et same
periods (Fig. 3b & 4b). The surface current in #nisa is part of the westward SEC which is knowimtensify
during the cold season (Okumura and Xie, 2006). €udly implies shorter time scales than seasomdé st
the intensification of the SEC during wind burdtsouigh Ekman transport processes might contribwtihe
westward extension of the cooling by advection ofidceastern upwelled water. This is in agreemerh wi
DeCoétlogon et al. (2010) who found from model ltssthat at short time scale (a few days), more thelf of
the cold SST anomaly around the equatorial cootingld be explained by horizontal oceanic advection
controlled by the wind with a lag of a few days.dddition, the z20 and SSH show respectively negatnd
positive anomalies propagating westward at 3° §.(®), initiated from the coast with a propagatspged of
around 10 cm:§ which is very close to the phase speed of Rossyes. Indeed, the excitation of the
westward waves at the coast coincided with thearaf Kelvin waves (see Fig. 5) suggesting thespimkty of

Kelvin wave's reflection processes into symmetriveéstward propagating Rossby waves. A westward
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propagation of z20 and SSH anomalies, althoughdegmus, was presently also identified at 3° Nt Gtwown).
In 2006, no similar wave generation process is miesk (not shown). In 2005, the locally wind-forced
component of the wave might reinforce the remote¢ @iathe reflected wave signal at the coast byste level
slope which balanced the strengthening of alongshdnds blowing during the mid-May and late-May etge
The quantitative and respective contributions cfland remote wind forcing to this wave is outhsf aim of

this study and would require further analysis.

Thus, the combined effects of westward surfaceetiisr (via advection and vertical mixing throughihomtal
current vertical shear), local wind influences (vextical mixing) and wave westward propagatiorsuted in

the extension of cold upwelled water from the easteast to near 20° W.
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Figure 9: Time-longitude diagrams at 3° S between 10° W HOfdE, and from 2-days averaged model outputs
from January to December 2005, of (from top todwuiti) the sea surface temperature (° C); i) t62 Q@
isotherm-depth anomalies (m); iii) the sea levamalies from AVISO data (m); and iv) the zonal cament

of surface velocity (m3.

5. Focus on the mid-May 2005 event

We have previously identified five main cold evems2005 (22-24 April, 8-12 May, 16-20 May, 26-30ai
and 14-18 June), characterized by a temperatugerdriging from -0.2° C to -1.7° C in the model. Amsés of
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wind stress magnitude has revealed that each eveadsociated with strengthening of equatorwarddsin
especially during the 14-16 May event when the vstrdss magnitude anomaly averaged over the CltReis
strongest one. This particular event has been foore responsible for the sudden and intense $8lhg in
the eastern equatorial Atlantic and identified ag pf manifestation of temporal variability of ti&t. Helena
Anticyclone (Marin et al., 2009). In this sectiome focus on this mid-May event, to better understttre

processes in play during this unusual event.

5.1 Atmospheric conditions

5.1.1 Wind and surface atmospheric pressure

The spatial distribution of the mid-May 2005 wineeat can be inferred from Fig. 10 where anomaloES®
wind speed fields superimposed with daily precttafields, surface pressure, wind speed curl,dowinward
shortwave radiation, are presented from 13 May ¥o May. The event was characterized by intense
southeasterly wind anomalies east of 15° W and 868 to the equator from 13-14 May, concomitarihvai
strengthening of the easterlies west of 30° W betw®0° and 15° S (Fig. 10a). The wind anomaly eleen
then westward up to 15-16 May when the maximum laested in the western part of the basin off nattern
Brazilian coast. Simultaneously, a strengtheningaftherly winds occurred north of the equatotia Gulf of
Guinea. The anomalous strong winds during the ewen¢ associated with anomalous high pressureafdies
Saint Helena Anticyclone, especially on 13-14 Malgo associated with particularly low pressure uritle
ITCZ.
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Figure 10: Daily-averaged, from 13 May to 17 May 2005 (keftright panels), of (a) precipitation rate (kg
?/day) (color field) superimposed with wind speedmalies (vectors) (m?3 from CFSR fields; (b) surface
pressure (hPa) from ERA-20C reanalysis; (c) wineespcurl (m.$) computed from CFSR wind speed fields;
and (d) downward short-wave radiation (WAnfrom CFSR fields.

5.1.2 Precipitation

The maps of precipitation rate during the eveng.(AiOa) display a band of heavy precipitation (9kg7m
?/day) between 5° - 9° N and off northeast Brazihirthe coast to 15° W and from 10° S to 3° S. Th&imum
precipitation rate in this region occurred on 15M#&y concomitant with the easterly winds strengthgnThis
convective zone, located between the ITCZ northhef equator and the South Atlantic Convergence Zone
(SACZ) in southern tropics, is the Southern Intggical Convergence Zone (SICZ) (Grodsky and Carton,
2003). This zone forms usually later, by June-Atguhen the southern branch of the convection segsr
from the ITCZ which moves north of the equator. @loy and Carton (2003) showed that this rainfattgra
appears closely linked to the seasonal change Thdiference between the ACT region (which theyirmled
between 15W — 5° W, 2° S — 2° N) and the SITCZ region (25%\80° W, 10° S - 3° S). They argued that the
seasonal appearance of the ACT along the equat®rupepressure gradients within the boundary lalyat

induce wind convergence in the SITCZ region. BasedGrodsky and Carton (2003) results, the unusually
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rainfall conditions during mid-May event might thbe explained by strong SST gradient between the tw
regions caused by unusually early cooling in thelA€gion at this time of the year.

5.1.3 Generation of atmospheric gravity wave

The precipitation fields during the mid-May everfig. 10a) also evidence rainfall pattern typical of
atmospheric gravity wave train characterized byogzbntal wave length ~500 km and initiated by anfr
system (forming the northern boundary of a low pues system) which developed around 17° S on 14 anay
traveled northeastward until 17 May. The rainfadlin was associated with oscillatory wind stresd train
alternating between positive and negative anomdkég 10c) as well as alternating downward shovieva
radiation minimum (Fig. 10d) associated with thevevalouds. Gravity waves are known to play an irtgoar
role in transporting the momentum and energy thihdogg distances (Fritts, 1984). Here, they wowddabvay
to carry momentum and energy from South Atlantichte equator during the strong event. To estimage t
effect of the passage of the wave on SST, the 98[Mfi€lds have been analyzed. Given the time retsmhuof
the dataset (3-days averaged) a propagating me®$iT fields cannot be highlighted; instead, 3yd&M|I SST
averaged (available east of 10° W) differencesyal as 3-daily averaged downward shortwave raalmati
(hereafter DSWR) fields differences, between 13t5May averaged and 10-11-12 May averaged and batwe
16-17-18 May averaged and 13-14-15 May averageslilReindicate a good correlation between the ieldg,
suggesting a northeastward propagation of the mgalssociated to northeastward propagation of B&/R
minimum associated with the displacement of theoafrheric gravity wave. A cooling first occurred goof
24° S associated with DSWR minimum, and then redohere northern region concomitant with the norttiva
migration of DSWR. Thus, these results suggesttti@tarrival of atmospheric gravity wave initiatedSouth
Atlantic following atmospheric disturbance wouldntabute to the cooling observed in the Gulf of Gea at

the time of the mid-May event.
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Figure 11: Three daily-averaged differences, between 10hd/° E and between 40° S and 12° N from 15-
12 May and 18-15 May 2005 (the dates indicatethérntitles correspond to the last day taken int@awstfor

the calculation of the average. e.g.: ‘SST 15-Htesponds to the difference between the mean ofds8r
13-14-15 May and over 10-11-12 May) of downwardrsfivave radiation (W.r#) from CFSR fields (a); and
SST from TMI data (b);

5.2 A decisive event for coastal monsoon onset

In order to analyze the air-sea pattern in thehaort Gulf of Guinea during May-June 2005, we showiy. 12
the wind stress magnitude, precipitation rate, &8T fields averaged from 10° W to 6°.Whe wind
strengthening appeared first south of the equatd2:16 May and then north of the equator from &4vhy. It
was associated with strong rainfall extending seatid up to 2° N. Equatorial cooling occurred 4 slagjter
the event and slowed down the overlying winds BdBack mechanisms. The winds north of the equbkéor t
remained stronger than in the ACT region and sttemed again north of the Equator on 22-28 Maytttage
with precipitation maximum pushed northward (aro8fdN) after the event.

Thus, this mid-May event appears as the “decisien® which triggered the abrupt transition betwéles two
wind patterns in the northern Gulf of Guinea, wiies wind north of the equator became and remaitredger
than south of the equator. It occurred 15 daysiezaithan the average date (31 May) identified byue
Leballeur et al. (2013) over 2000-2009 period. Adamy to these authors, the time of occurrenceh&f t
phenomenon would be related with the strength ofrealous moisture flux. They explain that in Aprilaylthe

low atmospheric local circulation is present onlyridg an equatorial SST cooling and surface wind
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strengthening north of the equator, both generbyed southerly wind burst, before disappearingl uhé next
wind burst. In June-July the low atmospheric lagedulation is then always present and intensifigdhe wind
bursts. Thus, the establishment of an abrupt sehtmnsition event as observed in 2005, occurrmgh
earlier than the reference date, supposed anonialstreng equatorial cooling caused by unusualngiro
southerly winds which allowed, through air-sea rattions mechanisms, to trigger the deep atmospheri
convection in the Gulf of Guinea at a self sustairievel.

(€) st (dest)

(@) Wing Stress nagnituds (1.n2) (D) precipitation rate (ka/n2vdau)

Latitude
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Figure 12: Time evolution, in May and June 2005 betweef &thd 6° N and averaged between 10° W and 6°

14/05 i

W, of the (a) daily averaged wind stress magniiidien?) computed from CFSR wind speed fields ; (b) daily
averaged precipitation rate (kg*fday) from CFSR fields and (c) 2-daily averaged $SC) fields, from the

forced model.

5.3. Why the mid-May 2005 event was so singular ?

To better understand which makes the particularitthe mid-May 2005 event, the atmospheric and micea
conditions (wind stress magnitude, short-wave taafiaflux (hereafter RADSW), 220, SST, and meridibn
SST gradient) averaged over the 10° W-6° W regiwhlzetween 15° S to 5° N during April-May are amaly
along the 1998-2008 period (Fig. 13). The windsstmmagnitude during mid-May event appears to beobiiee
strongest over the whole 1998-2008 period. Thesmgtwind conditions are usually met later in latreal
spring or summer, when the St. Helena Anticyclotrengthens and shifts northward toward the warm
hemisphere. The wind intensification in mid-May 800as associated with particularly weak RADSW from
South Atlantic to the northern equatorial regiarggesting cloud albedo effect during the event Winded to
cool the mixed layer. We can notice that the Aptdy 2005 period was characterized by the weakestnme
RADSW.

In addition, at the time of the event, the surfagers were already cooled by previous wind bustg. 20
April and 8 May). The SST response to the mid-Magnt occurred 4-6 days later, inducing the weakest
equatorial SST values for April-May season over Wiele 1998-2008 period. The cooling also caused an
enhanced SST front around 1° N, as shown on Figh@®om panel), which was found to be #wzliest and
strongest one over the 1998-2008 period. This rizerad SST gradient was responsible for the windesar
intensification north of the equator (Fig. 12 ar@h)l through air-sea interaction mechanisms as ibescby
Leduc-Leballeur et al. (2011). Another SST gradimaimum is found at the end of May 1998 but it was

extended as eastward than during the mid-May 20686t€not shown).
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When the wind burst occurred on 14 May 2005, th&C2i8otherm depth in the area was shallow soutthef
equator and slightly deeper at the equator (Fig).IBhe thermocline shoaling associated with thivikevave
appeared in fact a few days earlier providing fabte subsurface conditions which made the SST respto
previous wind bursts (20 April and 8 May) more effee. At the time of the mid-May event, the wavesady

reached more eastern areas, as shown in previotierse

The mid-May 2005 event was also characterized Ipardicularly low surface pressure under the ITCZ, a
shown on Fig. 14a which displays the surface pressorth of the equator averaged between 45° W2@AdW

for April-May over the 1998-2008 period. The prasstall during the mid-May 2005 event appearedhes t
lowest in May over the whole decade. It coincideithwparticularly high surface pressures in St. IHale
Anticyclone region 4 days earlier (Fig. 14b). Therigdional surface pressure gradient during the eigethus
found to be the strongest over 1998-2008 period. (F4c). That suggests strong Hadley circulatidanisity
during the mid-May event and therefore strong arousaequatorward moisture flux, allowing the deep
atmospheric convection in the Gulf of Guinea tariggered at a self-sustaining level, as previowsgcribed

in Sect. 5.2

Thus, the particularity of the mid-May 2005 eventinty lies in the i) anomalous atmospheric condiio
related to anomalous strong St. Helena Anticyclpeeturbation; ii) cooling initiated by the successiof
previous wind bursts; and iii) favorable subsurfémeal ocean conditions preconditioned by equatevaves
which shoaled the mixed layer. Another wind burfst@mparable intensity occurred at the beginnindvialy
2000 while the thermocline was shallow, causing $68dling at the equator (Fig. 13&14). However, #ied
strengthening was less sudden than during the naig-RB005 event and the resulting cooling took plawer a
less broad region (not shown). In addition, théasug pressure drop in the ITCZ region was not asqunced

as during mid-May 2005 event.
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Figure 13: Time-latitude diagrams for April-May along the 192808 period, of 2-days average, from top to
bottom, i) wind stress magnitude (N3rfrom CFSR fields; i) short-wave radiation suraftux (W.ni?) from
CFSR fields; iii) 20°C isotherm depth (m) computeain the forced model SST; iv) SST (°C) and v)
meridional SST gradient (every 0.5° of latitudepni the forced model; averaged over 10° W-6° W. The
vertical black line indicates the date of 14 Ma@03.
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Figure 14: Time-latitude diagram, for April-May over the 192808 period, of the surface pressure (hPa) from
ERA-20C reanalysis; (a) from 0° N to 6° N averagetiveen 45° W and 20° W ; and (b) from 30° S arfd®0
averaged between 25° W and 15° W; (c) differenetwden (a) and (b);.
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6. Summary and discussion

In this study, the impact of intraseasonal windsS&T in the far eastern Tropical Atlantic duringda spring
2005 and 2006 has been investigated observatiahswamerical simulation. We first focus our studyGape-
Lopez region (CLR), east of 5°E and between theatmjuand 7° S, where the seasonal and interanri&il S
variability is poorly documented. There, the borspting (AMJ) season corresponds to a transitipeaiod
between high SST in boreal winter and weak SSTdre&dl summer, under the influence of local winds.
Intensified cool SSTs are observed in the coagtaklling area located around 6° S in the Congo imoegion,
associated with mean alongshore wind conditionsin§season is in fact characterized by maximumdsin
amplitude, influence of which is made more effeethy shallow thermocline depth, itself stronglylueihced
by remote forcing. The seasonal cycle in the CLRidglulated by strong year-to-year variations, esenked in
spring 2005 when cold SST anomaly are associatédshiallower-than-average thermocline depth andipes

wind speed anomaly.

The intraseasonal wind bursts which occurred iningp2005 and 2006 generated cooling events especial
around 3°-4° S but for some strongest events whencboling reached more northern equatorial region,
especially during the mid-May and end-May 2005 ¢weiihe intensity of the cold events resulted friooth
basin preconditioning by remotely forced shoalifighe thermocline (via Kelvin wave), local mixintnduced

by current vertical shear) and upwelling processesesponse to strong southerly local winds. Fameo
particular event, as the 26-28 May 2005, the nat fiex also tended to cool the surface water, tduenhanced
cloud cover which decreased the incoming solamatamis. In CLR, stronger wind intensification arddrably
preconditioned oceanic subsurface conditions irb2@@de the coupling between surface and subsuofaesmn
processes more efficient than in 2006, resultingtianger cooling.

The preconditioning of subsurface conditions in #rea via Kelvin wave at the dates of the wind tsurs
depended on the atmospheric conditions in the wegart of the basin a few weeks earlier. Previstuslies
(e.g. Picaut, 1983; Philander, 1990) suggest timsburce of the equatorial Kelvin wave is maidiated to a
sudden change of the zonal wind in the west. Amglysatmospheric and oceanic conditions at inasseal to
daily scale in winter 2005 and 2006 showed thabfith years, Kelvin upwelling wave was initiatectfre west
while easterly winds were strengthened from eithiele of the equator just after the ITCZ to be at it
southernmost location. This latter was observedmaeth earlier in 2006 (late February — early Mauttlan in
2005 (late March-early April), and was associatéith & negative wind stress curl anomaly. In wirg@65, the
ITCZ was found south of the equator after a verdem southward shift and was followed by strondezbas
during ~20 days, while in winter 2006, the ITCZ wasind closer to the equator less sharply and duain
longer period, followed by weaker easterlies whempared to 2005. These results obtained for 20052806
years do not imply that same atmospheric conditivosld be observed for winter upwelling Kelvin waog
other years. Especially, the year 2005 was vertjqudar and also exhibited anomalously cold SSThésouth
Atlantic and anomalously warm SSTs in the nortraAtic initiated in fall 2004, signature of a meadal mode
(Virmani and Weisberg, 2006; Foltz and Mc. Pha@®@6; Hormann and Brandt, 2009).
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652 Upon impingement with the eastern boundary, theoriting equatorial Kelvin wave excites westward-
653 propagating Rossby waves and poleward propagatiagtal Kelvin wavesin 2005, the Kelvin wave reached
654  the coast around mid-May while southerly windsregtbened, allowing the reflected wave to be reirédrby
655  the local wind. This resulted in westward propawatbf positive (negative) z20 (SSH) anomalies which
656 combined with enhanced westward surface curremtsjiged favorable conditions to westward extensibn
657  cold upwelled water from the eastern coast to 288w through advection and vertical mixing.

658 In the second part of the study, we specially fedusn the mid-May 2005 event (13 May to 16 May} thas
659 characterized by strong southerly wind strengthgminthe eastern Tropical Atlantic Ocean. It wasrio to be
660  responsible for the sudden and intense SST coulittee Gulf of Guinea and the CLR, and involvedha early
661  onset of the ACT development in 2005 and therefiorearly onset of the WAM. The analysis of atmosjhe
662 and oceanic conditions in the Gulf of Guinea asded to this event allowed to show that the mid-Magnt,
663  controlled by the St. Helena Anticyclone, can beniified as a “decisive event” which triggered tigrupt
664  transition between two wind patterns in the nomh@&ulf of Guinea. Unusual strong southerly windduced
665 anomalously strong equatorial cooling which in tustowed down the overlying wind feedback mecharasich
666 generated stronger than normal southerlies nortthef equator through the SST front around 1°N. This
667  triggered the deep atmospheric convection in thé GuGuinea at a self-sustaining level and theibeing of
668 coastal precipitation. The time of occurrence 6§ fphenomenon, 15 days earlier than the averaged(da
669 May from Leduc-Leballeur et al., 2013), suggestntthe mid-May 2005 event was associated with atmma
670 strong moisture flux. The description of atmosphednditions over the 1998-2008 period has showh ttie
671 2005 event was characterized by the strongestcaugfeessure gradient between the St. Helena higgspres
672  and the low pressures under the ITCZ, inducing atons strong Hadley cell activity. No similar atrpbsric
673 pattern was observed during the whole 1998-200&geAnother wind burst of comparable wind intensit
674  occurred at the beginning of May 2000. This evést enduced a cooling at the equator but the sarfaessure
675  decrease in ITCZ region was not as pronounced dinéing mid-May 2005 event and the SST gradient rmaou
676  1° N was weaker. In addition to coastal precipitatin the Gulf of Guinea and due to the early aapiin the
677  ACT region, unusually rainfall conditions also omad between the northeast coast of Brazil and#ithin

678  the SITCZ, which generally forms in early boreainsnoer.

679 Finally, this study highlights the impact of a stgosoutherly wind burst in the eastern tropicabAtic during
680  boreal spring season, which is a transitional gedoaring which an anomalous strong energy input tiathe
681  energy balance from an equilibrium state towardtaoone and thus impact the WAM system. The arsabfs
682  atmospheric and oceanic conditions during the malsN2005 wind event allows to highlight the differen
683 processes through which the wind power providedhieywind burst is brought to the ocean: i) direfééa of
684  the wind on the SST in the eastern tropical Atlani) energy transport via atmospheric gravity esfrom
685 South Atlantic, and iii) energy supply to Rossbyveialn addition to unusual atmospheric conditiamsmid-
686 May 2005, the ocean response intensity to this tewas also enhanced by the subsurface conditioagem
687  favorable by previous wind bursts, either locag(én 6-8 May) or occurring a few weeks beforeha West.
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688 It is crucial to better describe the atmospherid aceanic processes in play during such extremetenetably
689 in order to reduce the well known warm bias in sbeatheastern tropics in coupled models in both speric
690  and oceanic components (Zeng et al., 1996; Davey.,e2002; Deser et al., 2006; Chang et al., 260ghter
691  and Xie, 2008). This warm bias is well evidenceduim numerical simulation (Fig. 1&2) and our resudtearly
692  show that the cooling events were underestimateddarnCLR, implying the need to investigate morel@pth
693 the oceanic and atmospheric processes in playisnptirticular region. As the intraseasonal windstsiare
694 related to the fluctuations of St. Helena Anticyso their impact on SST variability in the eastépical
695  Atlantic and regional climate suggests the neeoetter understand the St. Helena Anticyclone vditgb

696 It is also important to note that the mid-May 20®%nt occurred during an unusually active year. yéwmr
697 2005 exhibited a pronounced meridional mode pattétin strong SST gradient between the two hemisgher
698 Several authors (Foltz et al., 2006 ; Virmani andisderg, 2006 ; Marengo et al., 2008a, 2008b ; Zray.,
699 2008) studied this particular year, marked by aroosly warm SST in the tropical North Atlantic dugi
700 March-July, the warmest from at least 150 yearss @homalous warming was associated with the nuistea
701 and destructive hurricane season on record (Fblk,&2006; Virmani and Weisberg, 2006) and ameswe and
702 rare drought in the Amazon Basin (Marengo et &Q&, 2008b; Zeng et al. 2008; Erfanian et al.,720Erom
703 these authors, primary causes of the anomalous iwgrim 2005 were a weakening of the northeastedgle
704  winds and associated decrease in wind-inducedtlatest loss as well as changes in shortwave radiand
705 horizontal oceanic heat advection. This 2005 teatpee record is made even more remarkable givery tha
706 unlike the 1998'’s one, it occurred in the abserfcany strong El Nifio anomaly (Shein, 2006). Somalists
707 (Goldenberg et al., 2001) attribute these SST asae to the Atlantic Multidecadal Oscillation (AM®hile
708 others suggest that climate change may insteaddying the dominant role (Emanuel, 2005; Webstealgt
709 2005; Mann and Emanuel, 2006; Trenberth and SH26)2 Comparable anomalously warm tropical Atlantic
710  SSTs have been observed in 2010 also associathdentiteme drought in the Amazon. However, from time
711 series of monthly anomalies constructed for the basins (North and South Atlantic) by using OISSdnthly
712 mean data, Erfanian et al. (2017) show that theneaithan-usual SSTs in the North Atlantic in 201&swot
713 associated with colder-than-usual SST in Southmtacontrarily to 2005 (their Fig. S4e).

714  While the warming in North Tropical Atlantic durirRP05 has been investigated by several authorgabliéng
715 in South Atlantic has received less attention. Bhigly highlights the need to further document mothitor the
716 South Atlantic region and the St. Helena Anticyeprthrough additional high resolution analysis and
717  observations.
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