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far eastern Tropical Atlantic Ocean during boreal spring
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Abstract. The impact of boreal spring intraseasonal wind tsuos sea surface temperature variability in the
eastern Tropical Atlantic Ocean in 2005 and 200&vsstigated using numerical simulation and obetons.
We specially focus on the coastal region east d&& &hd between the equator and 7° S that has patdiadied

in detall so far. For both years, the southerlydsistrengthening induced cooling episodes througpwelling
processes; ii) vertical mixing due to vertical ahef the current; and for some particular eveiitsidecrease

of incoming surface shortwave radiation. The stterngf the cooling episodes was modulated by subsarf
conditions affected by the arrival of Kelvin waviesm the west influencing the depth of the therrimael Once
impinging the eastern boundary, the Kelvin wavesited westward-propagating Rossby waves which,
combined with the effect of enhanced westward serfaurrents, contributed to the westward extensfae
cold water. A particularly strong wind event ocadrin mid-May 2005 and caused an anomalous strooling

off Cape-Lopez and in the whole eastern Tropicémtic Ocean. From the analysis of oceanic and spimeric
conditions during this particular event, it appe#itat anomalous strong boreal spring wind stremdtite
associated to anomalous strong Hadley cell activigde the event as a decisive event which prentgature
triggered the rainfall coastal onset in the nomh@ulf of Guinea, making it the earliest over 12988 period.
Results show that no similar atmospheric conditiwage observed in May over the 1998-2008 periois. dtiso
found that the anomalous oceanic and atmosphenigittons associated to the event exerted strorigante on
rainfall off Northeast Brazil. This study highlighthe different processes through which the wingdgyarom
South Atlantic is brought to the ocean in the GilGuinea and emphasizes the need to further dotuamel
monitor the South Atlantic region.

1.Introduction

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

7° C) in boreal spring and summer slightly southihgf equator and east of 20°W (Merle, 1980; Picke83).
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During boreal summer, the southern boundary ofdb@er temperature connects progressively withattral
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 seasonaieiase of the Southern Hemisphere trade winds gliate
boreal winter to early summer (Brandt et al., 20&&¥ociated to the meridional displacement of tiierd
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; Watl@l., 2011; Jouanno et al., 2011) including uiebt
mixing, vertical advection and entrainment, as wslhorizontal 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 seasonabelling in the eastern part of the basin via equatdelvin
waves (Moore et al., 1978; Adamec and O’Brien, 18i&alacchi and Picaut, 1983; McCreary et al.4)98

Besides the dominant seasonal cycle, the eastgsitat Atlantic is under the influence of meridibsautherly
winds (Picaut, 1984) which fluctuate with a peridddse 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 mormeritam

the South Atlantic to the eastern equatorial Attanf connection between the strength of the Stlehle
Anticyclone and SST anomalies in the southeastapidal Atlantic has been described by Lubbeckalet
(2014). These authors suggest that the St. Helemiwyklone variability might be an importance sauraf
anomalous tropical Atlantic wind power which affecBST in the eastern equatorial Atlantic via sdvera
mechanisms: zonal wind stress changes in the westgratorial basin, wave adjustment, meridionakation

of subsurface temperature anomalies, intraseasandlstress 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. (2008)ve that the SST seasonal cooling at the equastrofa 0°

W is not smooth but results from the successioshafrt-duration cooling episodes generated by sasthdy
wind bursts due to the fluctuating St. Helena Aydtione. In addition, according to Leduc-Leballedra¢
(2013), the sharp and durable change in the atreoispbirculation in the northern Gulf of Guinea (dbly
strong southerlies north of equator) takes placsutfh an abrupt seasonal transition prepared lig@ession of
southerly wind bursts and possibly triggered bygmiSicantly stronger wind burst. The southerly @ibursts
occurring in boreal spring in the Gulf of Guineaishwould play an important role in driving precgtion
pattern in the area through air-sea interactioms {détlogon et al., 2010; Nicholson and Dezfulil@0and
coupling between the ACT and the West Africa MomsO&AM).

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

eastern region is much less documented.



70 In this study, we therefore first focus our anaysff Cape-Lopez (defined from 0° N-7° S; 5° E-H‘%nd
71 hereafter called CLR for ‘Cape-Lopez region’) aima & improve understanding of its seasonal SSTakdity
72 and the impact of intraseasonal winds on SST véitiaburing boreal spring and summer. To this ewe, use
73 regional high resolution model results as well@slfte SST data and sea surface height obsengatite first
74 use model outputs from 1998 to 2008 to analyzestrgsonal cycle in CLR and to highlight its intenaain
75  variability, and then we specially focus on the rge2005 and 2006 to investigate the SST response of
76 intraseasonal wind forcing. These two particulaargewere largely investigated during the Africanridoon
77 Multidisciplinary Analyses (AMMA) experiment (Redgerger et al., 2006). The year 2005 is charaeietig/
78  the lowest SST values in the ACT during the padeBades (along with 1982), while 2006 is consideree
79 normal year (Caniaux et al., 2011). Also, 2005 bithithe earliest development of the ACT. The stal$ST
80  variability at intraseasonal scale during these tyears is thus interesting for better understandimgjr
81 observed differences in SST seasonal conditionssd two particular years have been also chosenduindt
82 al. (2009) to study the variability of the propestiof the ACT. Their study concerned the equatarieh west of

83 4° E, whereas we propose to focus in CLR, east & Where coastal processes are expected to blvé@uvo

84  The question of the processes implied in the SSbiity in the Cape-Lopez region was raised basedn
85 observation in satellite SST data of cold coastalens during boreal spring independent from thdsseed
86  off shore in the cold tongue region around 10°Wokhalso raised the question of the link of suchingawith
87  the cold tongue developmenMost studies on the CLR focused on the analysishskivational dataset to
88  examine the hydrology and its seasonal variationgkhe frontal (coastal) region of Congo (e.g. let972;
89 Piton, 1988) or on the impact of Congo River on $8d mixed layer (e.g. Materia et al., 2012; Derdhei al.,
90 2013; White and Toumi, 2014) but, to our knowledge,detailed analysis of SST variability at seat@mal
91 intraseasonal time scales have been realized. #&rbanderstanding of ocean-atmosphere interaciiorikis
92 region is thus needed. Some previous studies detatéhe whole eastern Tropical Atlantic (Gulf ofii@ea)
93 suggest that multiple processes could be in playénCLR, coupling remote and local forcing, andhbined
94  with the very low thermal inertia of the mixed laydgepth. For example, Giordani et al. (2013) shoemf
95 regional model results that horizontal advectiantyanment, and turbulent mixing significantly cobute to
96 the heat budget east of 3°W because of the vemyntinied layer. The upper layers of the north CLRjimhialso
97 be impacted by vertical mixing induced by the isercurrent vertical shear between the South Edahtor
98  Current, flowing westward at the surface, and thesarface eastward Equatorial Under-Current. Iriteidto
99 local forcing, the area is also under the influeatéhe arrival of equatorial Kelvin waves from Wesd their
100 reflection, once reaching the African coast, polelhas coastally trapped waves and westward as Rossles
101 (Moore, 1968; McCreary, 1976; Moore and Philand&77). The principal source of the equatorial Kelvi
102 waves has been usually related to the western etglatonal wind changes during late boreal winteearly
103  summer (e.g.; Philander, 1990). In order to betteterstand the trigger mechanism of Kelvin wavegggtion
104  which conditions the mixed layer properties in ®©ER, another purpose of this study is thus to ifignhe
105 atmospheric conditions coinciding with the Kelviawes generation in the West of the basin durindexi2005
106 and 2006. In addition, some studies (such as Dédgmit et al., 2010) suggest thattshort time scale (a few
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days), more than half of the cold SST anomaly addine equatorial cooling could be explained by ramtal
oceanic advection of upwelled cold coastal waterdrolled by the winds. Therefore, a better underding of
the SST variability in the CLR may also help toteetinderstand the SST variability in the equatoégion.

Several studiese(g. Okumura and Xie, 2004; Caniaux et al., 2011; Ngustal., 2011; Thorncroft et al., 2011)
show evidence of a high correlation between the A@Gd the WAM onset in the Sahelian region. Basedron
analysis of 2%ears of data, Caniaux et al. (2011) identified yhar 2005 as the year with the earliest WAM
onset date (around 19 May 2005 whereas they d#imenean onset date on 23 June +/-8 days). Acagpidin
Marin et al. (2009), the time shift in the develagrm of the ACT between 2005 and 2006 is related to
particular wind burst event in mid-May 200Bhis mid-May 2005 event therefore appears as exgatistrong
influence on the WAM. In a second part of the stuslg thus focus on this particular wind event {r&ceded a
strong cold event in the far eastern Tropical Aitaalong with an early ACT development. We aindascribe

i) the atmospheric and oceanic conditions duririg garticular event; ii) to what extent it is inved in the

WAM system; and iii) which processes make it anegtional event.

The remainder of the paper is organized as folldwsSect. 2, the model and observational data usekis
study are described. The seasonal and interanaudability of SST, winds, currents, 20° C-isothedepth and
sea surface heat flux in the CLR are analyzed at. Se The cooling episodes generated in respansetitherly
wind bursts and the other forcing mechanisms indpliethe CLR are investigated in details for tharge2005
and 2006 in Sect. 4. In Sect. 5, we focus our aiglgn the unusual wind burst occurring in mid-NeP5.

Finally, the main results are summarized and dssdisn Sect. 6.

2. Model and data

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

ROMS is a three-dimensional free surface, splitiekpcean model which solves the Navier-Stokemjive
equations following the Boussinesq and hydrostpiproximations. We used the ROMS version develagied
the Institut de Recherche pour le DéveloppemerD)iRaturing a two-way nesting capability basedA@RIF
(Adaptative Grid Refinement In Fortran) (Debreuakt 2012). The two-way capability allows interacis
between a large-scale (parent) configuration ateftoresolution and a regional (child) configuratianhigh
resolution. The ROMSTOOLS package (Penven et @D8Ris used for the design of the configuratiohe T
model configuration is built following the one pamfned by Djakouré et al. (2014) over the TropicdbAtic.
The large scale domain extends from 60° W to 1&.3thd from 17° S to 8° N and the nested high réisolu
zoom focuses between 17° S and 6.6° N and betw@®Wland 14.1° E domain. This configuration alldies
equatorial Kelvin waves induced by trade wind viéoizs in the western part of the basin to propagatethe

Gulf of Guinea and influence the coastal upwell{8grvain et al., 1982; Picaut, 1983). The horizogta
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resolution is 1/5° (i.e. 22 km) for the parent gadd 1/15° (i.e. 7 km) for the child grid (see Hamtbet al.
(2016), their Fig. 1). This allows an accurate haton of the mesoscale dynamics since the firsbdanic
Rossby radius of deformation ranges from 150 to R30in the region (Chelton et al., 1998). The \zatti
coordinate is discretized into 45 sigma levels witirtical S-coordinate surface and bottom stretghin
parameters set respectively to theta_s = 6 andé thet 0, to keep a sufficient resolution near thdase
(Haidvogeland Beckmann, 1999). The vertical S-comi® Hc parameter, which gives approximately the
transition depth between the horizontal surfacelleand the bottom terrain following levels, is seHc = 10

m. The GEBCOL1 (Global Earth Bathymetric Chart & @ceans) is used for the topography (www.gebcp.net
The runoff forcing is provided from Dai and Trentbés global monthly climatological run-off data ¢&ai and
Trenberth, 2002). The rivers properties of salirihd temperature are prescribed as annual meaasvalne
river (Amazon) is prescribed in the parent modellevfive rivers, that correspond to the major rivgresent
around the Gulf of Guinea, are prescribed in thidamodel (Congo, Niger, Ogoou, Sanaga, Volta).tih¢
surface, the model is forced with the surface laedt freshwater fluxes as well as 6 hourly windsstréerived
from the Climate Forecast System Reanalysis (CKB®&t)zontal resolution of ¥4°x ¥4°) (Saha et al., @0Dur
model has three open boundaries (North, SouthVeest) forced by temperature and salinity fieldsfrthe
Simple Ocean Data Analyses (SODA) (horizontal netsmh of ¥2°x%2°) (Carton et al., 2000a, 2000b; Guart
and Gieseg2008). The simulation has been performed on IFREMEERarmor super-computer and integrated
for 30 years from 1979 to 2008 with the outputsraged every 2 days. A statistical equilibrium iaateed after
~10 years of spin-up. Model analyses are baseth@®-days averaged model outputs from year 199&0o
2008. The model has already been validated suedlsefith a large set of measurements and climafickl
data, and more detailed information about the medkdations can be found in Herbert et al. (2016).

Note that throughout the whole text and figure icas, the term “intraseasonal variations” is usedésignate
the field obtained after the removing of the 30 d&w-pass filtered field to the total field of tigéven year,
while “intraseasonal anomaly” refers to the fieltained after the removing of the 30 days low-fdtsed
field averaged over 1998-2008 to the total fieldhaf given year.

For SST observations, we use data obtained fronmsunements made by the Tropical Rainfall Measuring
Mission microwave imager (TMI). The dataset is aged product available at www.remss.corhe SST data
have a spatial resolution of ¥° and for the prestuidy the 10 years’ time series, from 1 Janu&$§81to 31
December 2008, obtained as 3-daily field. The irtgrdrfeature 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 resitt biases of the order of 0.6°K within about k9 from

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

regions, in particular those dominated by coagtalalling dynamics.

We also use for this study daily sea surface heigBH) data, which are available for the period3t2®12 and

maintained by the organization for Archiving, Vaithn, and Interpretation of Satellite Oceanogreptata
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(AVISO; www.aviso.altimetry.fr). The sea surfaceidie dataset is a merged product of observatioom fr
several satellite missions Ssalto/Duacs (Segmemhtn8dtimissions d’ALTimétrie, d’Orbitographie et de
localisation précise/Developing Use of Altimetry folimate Studies) mapped onto a 0.25° Mercatojeptimn
grid. All standard corrections have been made toaat for atmospheric (wet troposphere, dry tropesp and
ionosphere delays) and oceanographic (electromiagbieis, ocean, load, solid Earth and pole tidécts.
The mean sea surface topography for the period-2882 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.eebsite. The

product assimilates surface pressure and maring @bservations.

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

The seasonal variability of SST, surface windssstrénorizontal current intensity, depth of 20° GHigrm
(hereafter referred to as z20), and the surfachewstflux from monthly averaged model outputshiea €LR for
each year from 1998 to 2008 and averaged overdtiecbare shown on Fig. 1. The reliability of thedsl is
also provided by comparing the simulated and thieesponding TMI SST climatological seasonal cyal¢he
CLR (Fig. 1a). The SST variations display an anroyale with highest temperature in boreal winteai(w
season), when the ITCZ reaches its southernmogtgroand the trade winds are weakest, and minimahaes

in boreal summer (cold season), when the trademsify. The most salient features of the atmospheric and
hydrographic fields during May-June are also ilattd on Fig. 1 by May-June averaged maps. Deapitarm
bias (~1°C) compared to satellite observationsntbeel well reproduces the satellite pattern. Wttile warm
bias in the eastern tropical Atlantic is well knowncoupled climate models (e.g. Zeng et al., 199%yey et
al., 2002; Deser et al., 2006; Chang et al., 2G0chter and Xie, 2008), results from Large and Dbasaglu
(2006) suggest indeed that a warm SST bias maybalqwesent along the Atlantic coast of southemicAfin
forced ocean-only simulation. The SST May-June ayemap indicates that the boreal summer SST mimimu
is related to intensified cool SST around 6°S,he@ €ongo mouth region. In this region, the coasirisnted
parallel to the trade flow which reinforces in bmreummer, thus favorable to coastal upwelling gsses. The
mean alongshore wind stress during May-June revedésct that upwelling conditions are observedravest

of the CLR. Wind stress magnitude exhibits a senmal variability with a second maximum in October—
December and a weakening during July-Septembeos€gsy. 1b). The strengthening of winds in borgaing

is associated with a strengthening of mean cuspeéd, particularly off Cape-Lopez between 2° 8°t§ and
west of 8° E in May-June (Fig. 1c). The orientatminsurface current is mostly westward for the Mawye
season, while it is northward from October to Japaot shown). This general picture of surfacewtion is
consistent with observations (Merle, 1972; Pit®d88; Rouault et al., 2009).
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The region is also characterized by a shallow tlefime which depicts a strong semi-annual cyclg.(Ed).
The evolution of z20 reveals a shoaling of the rttemline during May-July and a deepening up to Oeteob
November when it exhibits a maximum depth, in agrert with previous studies such as the one realized

Schouten et al. (2005) who find a similar seasogele from SSH altimetric data.

The surface net heat flux exhibits a maximum ireabwinter and a minimum in July (Fig. 1e), follawgithe
seasonal cycle of solar shortwave radiations. Aibld on the May-June average map, greater hemstifagind

over cool waters, due to weaker heat loss via {dteat flux in these areas.

The seasonal cycle is modulated by strong yeae#w-yariations. The mean SST in the CLR in 2003scas
early as March from TMI data and April from the nebdata. SST reaches weaker values than the cliogéto
ones, as observed by Marin et al. (2009) and Cargawal. (2011) west of 4° E. This 2005 cold angmial
associated with positive wind speed and surfaceentispeed anomaly in April-May (Fig. 1b&c) as wadl
shallower-than-average thermocline depth. In 283 variations are very close to the climatologie

Thus, the April-June season in the CLR appears &wrsitional period characterized by strong sealson
evolution, primarily governed by the local windsialh generate coastal upwelling in Congo mouth negiod

modulated by the variation of thermocline depth.
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231 Figure 1: Monthly average of the (a) sea surface tempezaft€); (b) wind stress direction (vectors) and
232 magnitude (color field) (N.if); (c) horizontal surface current direction (vesjoand speed (color field) (rit)s
233 (d) 20° C-isotherm depth (m); and (e) surface Hieat (W.m%; positive values indicate downward flux) from
234 January to December from 1998 to 2008 and for lineatology (averaged over 1998-2008) simulated Hey t
235 model (red curve) and from the observations : mgrakierage TMI 3-daily SST data (light blue curwe(a));
236 averaged over 5° E-14° E and 7° S-0° S. Right panaps of each variable over May-June..

237
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4. Analysis of cooling episodesin the CLR in 2005 and 2006

In this section, we examine the impact of intraseabwind bursts on SST in the CLR during the pattr
years 2005 and 2006 (Marin et al., 2009; Caniauad.e011). We propose here to analyze in dethd@sSST

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

4.1 SST variations

In order to delineate the sequence of cooling el@isowe analyze the SST variations from 2-daysaaesr
model outputs in 2005 and 2006 over the CLR, iegwben 5° E and 12° E. Both the SST (Fig. 3a &ng a
intraseasonal variations of SST (Fig. 4a & f) haeen shown. In 2005, the intraseasonal coolingodpistook
place on 22-24 April, 8-12 May, 16-20 May, 26-30W42-16 June and 30 June-2 July, with a tempegatur
drop ranging between -0.2°C to -1.7°C (Fig 4a). Toeling episodes occurred east of 5° E from May to
September. They concerned especially the southipraterial region (around ~3-4° S), except for thiergyest
events where they reached more northern equateigbns, especially for the mid-May and late-May20
events. These latter were associated with an iaterexidional SST front between the cold water saiitthe
equator and the warmer water north of the equatowjsible on SST map for 12 May 2005 presenteBign2.
We can see cold waters extending along the eastast and in ACT region west of 5° W. In the modeld

waters are deflected offshore off Cape-Lopez, duedtursive bias in warm water intrusion towardgbath.

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 of thecession of quick and intense cooling episodethén
establishment of persistent cold anomalies in th&,Gas highlighted by Marin et al. (2009) in theuatprial

region.
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Figure 2: Map of the sea surface temperature (° C) on 12 R0D5 from 3-days average TMI data (a) and from
the 2-days average model output (b). Note thath®model it corresponds to 11-12 May average vesefar
TMI data it is 10-11-12 May averagéhe black square indicates the Cape-Lopez regalie(c'CLR’).

4.2 Forcing mechanisms
4.2.1. Local forcing

To examine the local forcing mechanisms responsfble the observed cooling episodes in CLR, the
intraseasonal variations of wind stress magnitudeesaamined and compared in 2005 and 2006 (Fig 4b).

In 2005, successive periods of 6-16 days wind Bifation occurred from late-March to late-JundeTmain
cooling episodes described above are associatbdpwditive intraseasonal wind stress speed ocguaim4-6,
12-16 & 24-28 May, and 10-12 & 28 June with a maximfor the 12-16 May event peaking on 14 May (at
~0.025 N.nf). Another period of wind intensification is evidm in late March — early April but it did not
generate significant cooling despite comparablewan higher wind intensity than following wind et&nin
2006, periods of wind intensification extended fronid-March to July. The main wind events occurned.4-

16 March, 2-4 & 16-24 April, 4-6 & 12-18 May, 12-1& 24-26 June and 10-12 July with maximum
intraseasonal wind stress magnitude in 16-24 Aprd19 N.n) and 24-26 June (0.022 N3n Also, the wind
event in late April 2006 did not generate a surfegeling as strong as the mid-May 2006 one, despgker
wind stress magnitude. To depict the subsurfacéitons during cooling episodes in the CLR for bg#ars,
the 20° C-isotherm depths averaged from 5° E toELZfre presented on Fig. 3b & 3d. They indicatensfr
correlation with SST variations on intraseasonmaktiscale with minimum depths (< 35 m) observedndutie
mid-May 2005 and end-May event. In early April 2088d before the late-April 2006, the thermoclineswa
deeper, that can explain why wind intensificatigh mot generate a surface cooling at these tinmefedd, at the

10
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time of the strong 16-24 April 2006 wind event, #29 values was higher south of the equator thaimglthe
14-16 May 2005 event, making the SST less rea¢tiveomparable wind intensification. The same featiar
observed in early May 2006, when the higher z2@emlindicate deeper thermocline south of the equato
around 3-4° S than a few days later. Besides,ht@ertocline appeared globally shallower south ofefeator

in 2005 than in 2006, in agreement with the diffee of the cooling intensity observed betweenweyears.

The Ekman pumping velocity saveragedover the CLR for 2005 and 2006 is shown on Fig. &dli
respectively. The dates of intraseasonal upwardciteds are quite well correlated with the dates of
intraseasonal wind events (with correlation coéfit equal to 0.55 for 2005 and 0.41 for 2006), imaxn
being during the early-April, mid-May and end-MaQ(® events and during .late April, mid-June and &ue
2006. However, for comparable wind intensificatithe boreal spring and summer wind events were not

associated with comparable intensity of Ekman pagpielocity.

Another process that may contribute to the coolinghe upper layer is the vertical mixing due tdeimse
vertical shear of the current. The maximum of thdigal shear magnitude fields in the CLR, averagetiveen
5°and 12° E for 2005 and 2006 (Fig. 4c & 4h), eikbd intensification south of the equator, cerdaamund 3-
4° S. Weaker intensification also occurred occadigrat the equator (located around 80 m depth eemthe
westward surface South Equatorial Current — SE@d-the eastward subsurface Equatorial Under- Ctjrren
Around 3-4°S, the vertical shear was driven by 8tC, reinforced by prevailing southerly winds egent
through Ekman transport. It thus occurred at the dé wind events previously identified for 2005da2006,
with stronger vertical shear occurring in early M2305 and late April 2006. The intensity of the inmaxm of
vertical shear magnitude during the events wasiihilar between 2005 and 2006. The main diffezdied

in their meridional extent, related to the meridibextent of the strengthened southerly winds whedched
equatorial region during the May 2005 events (fuive1). We can also notice that for comparable wind
intensification, the boreal spring and summer wawnts were not associated with comparable intemsit
vertical shear. The meridional wind component fabbe to westward Ekman transport was actually ggon

during April and May events than during summer ofmeg shown).

The heat content within the mixed layer is also aotpd by the sea surface heat fluxes.
The net heat fluxes averaged between 5° E and E2& Bhown on Fig. 4e & 4j for 2005 and 2006 respely.
They indicate a net heating (~ 50-100 W)nover the 2° S - 5° S latitude band, where the &dling was
strongest, suggesting other mechanisms involvetkeder, we notice some particular events during e
net heat flux was negative over most of the regfostrong net cooling (-30 W.A) occurred during the 26-28
May 2005 event. It was mainly due to a sudden @sereof incoming surface short wave radiation (dvbp
about 80 W.rif in the CLR between 22 and 28 May; not shown) sugyesncreased cloud cover. Another
strong net cooling occurred on 2 April 2006 witmaan value in the CLR reaching -95W.ihis more sudden
than the end-May 2005's one, and was almost exalysirestricted to the CLR region with values rdaagh
locally -185W.nf (not shown). For both events, the net cooling it concern the equatorial region west of
0°W.
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Figure 3: (a & ¢) Latitude-time diagram of the sea surfamaperature (°C) averaged between 5°E and 12°E; (b
& d) Latitude-time diagram of the 20° C-isotherepth (m) averaged between 5° E and 12° E; frdarch
to 31 August 2005 (left panels) and 2006 (rightegish
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Figure 4: (a & f) Time-latitude diagram, from 7° S to 1° Nf the intraseasonal variations of sea surface
temperature (in ° C) averaged between 5° E anE1#5 & g) Time evolution of the intraseasonal a#ions of
wind stress amplitude (N:A) averaged between 5° E and 12° E and betweenafi®° S; (c & h) Latitude-
time diagram of the intraseasonal variations of ieximum of the current vertical shear magnitudestjn
averaged between 5° E and 12°E; (d & i) Longitudeetdiagram of the intraseasonal variations of Bkma
Pumping (m.€) averaged over the CLR. Ekman pumping values ®tate upwelling; (e & j) Latitude-time
diagram of the net heat flux (W-haveraged between 5° E and 12° E; fréfiMiarch to 31 August 2005 (left
panels) and 2006 (right panels). For details abalaulations of intraseasonal variations, see fect.
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4.2.2. Remote forcing
a. Highlighting of Kelvin wave propagation

As previously shown, the time of occurrence of ¢cbkl events in the CLR coincides with shallow theciine
which allows a mixed layer temperature to be mesetive to surface forcing. Indeed, because giritgimity

to the equator, the thermocline in the CLR is dffddy the arrival of equatorial waves, initiatadhe western
part of the basin. Pairs of alternate downwellind apwelling Kelvin waves occur usually in Februdgrch,
July-September and October-November. Upon impingémvéh the eastern boundary, the incoming equaltori
Kelvin wave excites westward-propagating Rossby esagand poleward-propagating coastal Kelvin waves
(Moore, 1968; Moore and Philander, 1977; lllig Bt 2004; Schouten et al., 2005; Polo et al., 2008g 20°
C-isotherm depth anomalies along the equator ama®°E are presented on Fig. 5 and clearly evigldange
negative anomalies indicating shallower-than-averthgrmocline, propagating eastward along the equeid
then southeastward for both years. The eastwarghapetion of Kelvin wave along the equator and
southeastward along the coast is also well visibléhe basin-wide SSH anomalies (Fig. 6) with aggha
velocity of about 1.1-1.3ni’s which fits well in the range between the second third baroclinic equatorial
Kelvin wave modes. In 2005, negative SSH and z20reties occurred in the West in early March- eaytyil

and in mid-May, whereas they occurred around l&erary — mid-March and early May and June in 2006.
The first Kelvin wave thus reached the CLR slightlyrlier in 2006 than 2005, at the beginning of Miay

addition, the two upwelling Kelvin waves followeddh other more closely in 2005 than in 2006.

Thus, the intensity of the cold events observelddreal spring and summer 2005 and 2006 resulted brath
the basin preconditioning by remotely forced shapbf the thermocline, local mixing and upwellingpesses
in response to strong southerly local winds, as asheat flux variations. In 2005, stronger winténsification
and favorably preconditioned oceanic subsurfacelitions, made the coupling between surface andustdrse

ocean processes more efficient than in 2006, ieguh stronger cooling.
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Figure 5: Time evolution of the intraseasonal anomaly df @disotherm depth (m) along the equator (between
54° W and 12° E) and along 9° E (between the equatd 3° S) for 2005 (left) and 2006 (right). Negat

values indicate a 20°C isotherm depth closer tsthitace. For details about calculations of thenzals, see
Sect. 2.

(a) 2005 (b) 2006
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Figure 6: Time evolution of the sea level anomaly (m) alomg équator (between 54° W and 12° E) and along
9° E (between the equator and 3° S) for 2005 (laftfd 2006 (right) from AVISO data.
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373 b. Kelvin wave generation and coinciding atmospheric conditionsin the West

374 In order to identify the wind activity which accommes the generation of Kelvin upwelling waves imter
375 2005 and 2006 in the western part of the basinamadyze the position of the ITCZ (averaged over \B035°
376 W) identified as the latitude where the meridionahd stress goes to zero (Fig. 7a & g). The intaseal
377 anomaly of the zonal and meridional componentshef wind stress (Fig. 7b-c & 7h-i), the intraseasona
378  anomaly of wind stress curl (Fig. 7d & j), as wadl the intraseasonal anomaly of the z20 and SSH Eif &
379 k-1), averaged in the equatorial band (over 1° 8 ah N), are also presented. Many authors sugbestthe
380 source of the equatorial Kelvin wave is mainly tethto a sudden change of the western equatonial zeind
381 (e.g. Picaut, 1983; Philander, 1990): a symmetesterly (easterly) wind burst along the equatol geherate
382 Ekman convergence (divergence) and thus force deNimg (upwelling) anomalies which then propagate
383 eastward as a Kelvin wave (Battisti, 1988; Giese &tarrison, 1990). In 2005, shallower-than-average
384 thermocline, evidenced by negative z20 and SSH atiesy occurred in the end of March-beginning ofiAp

385  the west part of the basin (Fig. 7e & f). The isgasonal anomalies of meridional and zonal wiresstindicate
386 that the maximum of thermocline slope anomaly wasoeiated with a strengthening of northeast trades
387 followed by a strengthening of southeast tradesifeither side on the equator. At the equator, we@dndeed
388 a sudden reversing of meridional winds which tursedthward on 27-28 March 2005 related to an abrupt
389 southward displacement of the ITCZ which was thesnfl south of the equator in the west part of tagirb
390 (Fig. 7a & b). The ITCZ returned its initial positi four days later followed by a strengthening aéterlies
391 which persisted for ~20 days (Fig. 7c). Climatotady, the latitudinal position of the ITCZ variédsom a
392 minimum close to the equator in boreal spring (Maktay) in the west to a maximum extension ofNLG-
393 15N in late boreal summer (August) in the east. R@sinegative) wind stress curl is found north ¢edwf the
394 ITCZ. When the ITCZ is north of the equator, it iceés upward (downward) Ekman pumping to the north
395 (south) of the ITCZ. Thus, the southward shift loé i TCZ on 27-28 March 2005 accompanied with strong
396 northerlies led to negative anomaly of wind strass south of the equator resulting in upward Ekmamping.
397 Results show indeed a strong negative anomaly e262arch 2005 associated with the southward siiifhe
398 ITCZ just before the upwelling signal, initiated 28 March. These changes contributed to a riskd@roteanic
399 thermocline with a time lag of some days (Fig. 7€) &The upwelling signal might then be reinfordeyl the
400 symmetric easterly wind which concerned a largeg phthe western basin. Besides, we identify on. Fig
401 another peak of negative wind stress curl anomal§-8 May 2005, more sudden than the previous wime.
402 It was associated with negative z20 SSH anomatigisator of a thermocline rise initiated on 6 Ma308 in
403  the west of the basin and which propagated eastalardy the equator. The zonal wind stress anoméfigs
404 7c¢) also indicate an easterly wind strengtheniitgaied in the beginning of May, which a maximum &10

405 May, just after the minimum of wind stress curl.

406 In 2006, the upwelling Kelvin wave is identified time first half of March in the west part of thestma(Fig. 7k
407 & 1). The coinciding atmospheric conditions werg@glstly different than the ones identified in 20056.winter,
408  the position of the ITCZ had a more southern pasiin 2006 than in 2005. It crossed the equatoindua
409 longer period (about 10 days from ~ Feb. 10 20@&ching minimum latitude on 22-24 February. Thisation
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south of the equator induced a negative wind stceslsanomaly (Fig. 7j). As in 2005, the reversiohthe
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 (Fig.however, it was of a lesser magnitude compaoe@005
and only concerned the westernmost part of thenbésiaddition, the negative zonal wind anomalyaned
mainly the northeasterlies rather than the southiéss, leading to an anti-symmetric meridional evjppattern as
well as symmetric zonal wind pattern on either sisethe equator (not shown). These wind patterne we

expected to generate Ekman convergence at the &aqurad thus to reinforce the observed upwellingeales.

Thus, for both years, Kelvin upwelling wave occdrie the west while easterly winds were strengtdeinem
either side of the equator after the ITCZ reacteddouthernmost location. This latter was obseorea month
earlier in 2006 than in 2005, and was associatéd avhegative wind stress curl anomaly. In winte@® the
ITCZ was found south of the equator after a vergdem southward shift and was followed by strondezlss
during ~20 days, while in winter 2006, the ITCZ wiasind closer to the equator less sharply and duain
longer period, followed by weaker easterlies coragao 2005. These results highlight another wayhich
wind intraseasonal events may impact the SST \iéitjaim the East part of the basin, through thegmetion of
Kelvin wave in the West which shoals the thermazimthe East few weeks later.
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Figure 7: Time evolution, from 2-days averaged nhaméputs over Jan-June2005 (left) and Jan-Jun& 200
(right); of (a & g) the position (in latitude, beten 5° S and 10° N) where the meridional wind stredue
equal zero (indicator of the position of the ITCH); & h) the intraseasonal anomaly of the meridiomad
stress (N.M) averaged between 50° W and 35° W and betweenatfdSL° N; (c & i) same as (b & h) but for
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intraseasonal anomaly of zonal wind stress (;rtd & j) the intraseasonal anomaly of the wintess curl
(N.m?) ; (e & k) the intraseasonal anomaly of the 208&herm depth (m); (f & I) the intraseasonal antynud
the sea level (m). The red arrow in (a & g) indésathe southward shift of the ITCZ before the gatien of the

Kevin wave (see text). For details about the calibohs of anomalies, see Sect. 2.

4.3. Westward extension of the CLR cooling

In the east, the cooling generated by southerldveiarsts in the CLR then progressively extendedwaasl to
connect with the southern boundary of the equdt&@I. This phenomenon was more obvious in 2005mwhe
the cooling which first concerned coastal areareded further offshore a few days after the tworsirevents
occurring in the second half of May. To evidence ¢ffect of these events on SST, maps of intrasehSST
anomaly and intraseasonal wind stress anomaly gedriiom 1 to 12 May (before the strong 2005 evefFits
8a) and from 14 to 31 May (during and after thersg 2005 events; Fig. 8b) are presented on Figh&8.same
calculations have been for 2006 for comparison. fdwilts illustrate an enhancement after 10 Mayhef
cooling in the east associated with southerly wimensification and an extension of the coolingessally
south of the equator up to 20°W.

i
54w

Figure 8: (a) intraseasonal anomaly of sea surface temperét C; color) superimposed with intraseasonal
anomaly of wind stress intensity (arrows) averagest 1-12 May 2005 (up panel) and over 14-30Mayvuo
panel); (b) same but for 2006. For details aboaitciculations of the anomalies, see Sect.2.

To better understand the oceanic processes imiplitds cooling extension, we compared the SST, 82\
and zonal velocities along 3° S from March to Sejtter 2005 (Fig. 9 a-d) and 2006 (Fig. 9 e-h). 102Ghe
cooling westward extension was associated with atwgrd propagation of a shallower thermocline and
negative SLA from the African coast up to 5°-10° &mbined with enhanced surface westward current

fluctuations at the dates of the successive evieats April-June. The fluctuations of the westwanaface
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current occurring off Gabon with periods of ~8-18ys were related to the strengthening of southaihds
during the wind bursts at the same periods (Fig&4f). The surface current in this area is parthef westward
SEC which is known to intensify during the cold s@a (Okumura and Xie, 2006). Our study implies tror
time scales than seasonal scale but the intertsificaf the SEC during wind bursts through Ekmamsport
processes might contribute to the westward extensfothe cooling by advection of cold eastern upecel
water. This is in agreement with DeCoétlogon et(2010) who found from model results that at shione
scale (a few days), more than half of the cold 88dmaly around the equatorial cooling could be @rpd by
horizontal oceanic advection controlled by the wimith a lag of a few days. In addition, minimum z206d
SLA values propagating westward at 3° S (Fig. 9b)&initiated from the coast with a propagatingespef
around 10 cm which is very close to the phase speed of Rossiyes. Indeed, the generation of the
westward waves at the coast coincided with thevarof Kelvin waves (see Fig. 5a) suggesting thesjimlity

of Kelvin wave’s reflection processes into symnuiwestward propagating Rossby waves. A westward
propagation of z20 and SLA minimums, although lebsious, was presently also identified at 3° N (not

shown).

In 2005, the locally wind-forced component of thawe might reinforce the remote part of the reflécteve
signal at the coast by the sea level slope whitainisad the strengthening of alongshore winds blgvduaring
the mid-May and late-May events. The quantitativel aespective contributions of local and remote dvin
forcing to this wave is out of the scope of thisdst and would require further analysis. This pheaoan is
supported in 2005 by anomalous eastward expandebesty wind bursts observed in May 2005. The maith
May is besides a period when westward surface oig@re usually maximum (as visible on the meas®ed
cycle shown on Fig.1c). Thus, the combined effeftsvestward surface currents (via advection andicsdr
mixing through horizontal current vertical shealgcal wind influences (via vertical mixing) and veav

westward propagation, resulted in the extensiorotf upwelled water from the eastern coast to 288aWV.

In 2006, the westward extension of cold watershéistaed later, from the beginning of July. A coastaoling
occurred on 18-26 May but no westward extensiothefcold waters is observed at this period (Fig. 8e
2005, the two upwelling Kelvin waves followed eaatiher closely while in 2006, the first Kelvin up\ed
wave reached the coast in May and the second n (Fig.5b & Fig. 6b and Fig. 9f). In addition, the
intraseasonal wind strengthening responsible ofctiestal cooling on 18-26 May 2006 is less intefwgead
stress mean in the CLR ~0.04N.m2) than the oneidhvay 2005 (~0.06N.m2; which is preceded and foka
by another wind bursts few days before and aftigr; 3b & Fig. 4b).

The analysis over 1998-2008 period shows that thetward extension of the cold SST takes place eyeay
but begins at different times of the year (not shpwt occurs generally from June-July, when theliog
events usually occur in the east at this locataong is thus closely linked with the shoaling of thermocline

due to the arrival of a Kelvin upwelling wave a¢ thastern coast

18



Longitude
Longitude

Longitude
Longitude

M J

; : e
B M - J ) A S
(c)
—— <1 T \Q. 0.1
;E& g io
|, — \\ 2 o

J
(d)

0

Longitude
Longitude

1
1

0
-10
(]

10

. i Mo N T8 ke

% ‘ u ;;;

s o ol e S
489 M A M J J A S
490 Figure 9: Time-longitude diagrams at 3° S between 10° W EOfdE, and from 2-days averaged model outputs &dm
491 March to 31 August 2005 and 2006, of (a & €) tres@face temperature (° C); (b & f) the 20° Chisoin-depth (m); (c &
492 g) the sea level anomalies from AVISO data (m); @hé& h) the zonal component of surface velocityStH
493

494 In conclusion to this section 4, the SST variapilit the CLR at intraseasonal time scales is ttseilreof
495 combination between basin preconditioning by retydierced shoaling of the thermocline via Kelvin wea
496 local mixing induced by current vertical shear, apivelling processes in response to strong soythérlds.
497  As highlighted for the 26-28 May 2005 and 2 Apfil0B events, the net heat flux may also contribateool
498 the surface waters, through enhanced cloud covechwtiecrease the incoming solar radiation. The cold
499 upwelled waters around 3°S extend then westwam ftte eastern coast to near 20°W by combined effiect
500 the westward propagating Rossby waves as welldigalemixing and advection processes. The cookwatay
501 thus contribute to the cooling in the southern edfgthe cold tongue region. Although the procesegdied
502 differ slightly due to the presence of the coasé, $ST variability in the CLR is quite close to thee in the
503 equatorial cold tongue region (not shown), duendlar atmospheric forcing. However, for a givemdiburst,
504 the intensity of SST response in the CLR and incibld tongue region is modulated by subsurface itiond
505 which are under the influence of equatorial Kelwiave. In May 2005, the Kelvin wave reached theerast
506 coast while three wind bursts occurred. The thefimeovas thus shallower in the east than west 6¥,0°
507 providing favorable subsurface conditions making ¢tbupling between making the SST more reactiweira
508 intensification occurred during this month. In ddi, the decrease short wave radiations due taresgd cloud
509 cover during the 26-28 May 2005 event or 2 ApriD@@&vent, which contribute to the cooling in theRGIdid

510 not concern the equatorial region east of 0°W.
511

512

19



513

514
515
516
517
518
519
520
521

522

523
524
525

526
527
528
529
530
531
532
533
534
535
536
537
538
539

540

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, 26-30aiy
and 14-18 June), characterized by a temperatugerdrging from -0.2° C to -1.7° C in the model. Msés of
intraseasonal wind stress magnitude (Fig. 4b) basaled that each event is associated with streniiy of
equatorward winds, especially during the 14-16 Magnt when the intraseasonal wind stress magnitude
averaged over the CLR is the strongest one. Thiscpkar event has been found to be responsiblettfer
sudden and intense SST cooling in the eastern adplaftlantic and identified as part of manifestat of
temporal variability of the St. Helena Anticyclo{Marin et al., 2009). In this section, we focustbis mid-

May event, to better understand the processestpiring this unusual event.

5.1 Atmospheric conditions

5.1.1 Wind and surface atmospheric pressure

The spatial distribution of the mid-May 2005 winekat can be inferred from Fig. 10 where CFSR wipelesi
fields superimposed with daily precipitation fieldsirface pressure, wind speed curl, and downwzotwsave
radiation, are presented from 13 May to 17 May. &hent was characterized by intense southeasténty @ast
of 15° W and from 30°S to the equator from 13-14/Mabncomitant with a strengthening of the easteniiest
of 30° W between 30° and 15° S (Fig. 10a). Thengtreoutheasterly winds drifted then westward up3e.6
May when the maximum was located in the westerrt parthe basin off northeastern Brazilian coast.
Simultaneously, a strengthening of southerly windsurred north of the equator in the Gulf of Guin€he
strong winds during the event were associated Wwitfh pressure core of the Saint Helena Anticyclone,
especially on 13-14 May, also associated with paldily low pressure under the ITCZ 4 days latég.(EOc).
The pressure fall during the mid-May 2005 eventeaped as the lowest in May over the whole decade (n
shown). The meridional surface pressure gradierihnguhe event is thus found to be the strongest G998-
2008 period. That suggests strong Hadley circutaitivensity during the mid-May event and therefst@ng
equatorward moisture flux, allowing the deep atnhesizc convection in the Gulf of Guinea to be trigegbat a

self-sustaining level (see Sect. Soflowing).
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Figure 10: Daily-averaged, from 13 May to 17 May 2005 (efright panels), of (a) wind magnitude (color
field) (m.s") superimposed with wind vectors from CFSR field®;precipitation rate (kgn%/day)™) from

CFSR fields; (b) surface pressure (hPa) from ERG-Bfanalysis; (c) wind speed curl (f).somputed from
CFSR wind speed fields; and (d) downward short-wadéation (W.n#) from CFSR fields.

5.1.2 Precipitation

The maps of precipitation rate during the eveng.(RiOb) 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 strengihgnThis
convective zone, located between the ITCZ norttihef equator and the South Atlantic Convergence Zone
(SACZ) in southern tropics, is the Southern Intgrical Convergence Zone (SICZ) (Grodsky and Carton,
2003). This zone forms usually later, by June-Atguden the southern branch of the convection segsr
from the ITCZ which moves north of the equator. @&ioy and Carton (2003) showed that this rainfattgra
appears closely linked to the seasonal change Thd&&rence between the ACT region (which theyirled
between 15%W — 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 tle tw

regions caused by unusually early cooling in theTA€gion at this time of the year.

5.1.3 Generation of atmaospheric gravity wave

The precipitation fields during the mid-May everig. 10b) also evidence rainfall pattern typical of
atmospheric gravity wave train characterized byosdzntal 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 afay
traveled northeastward until 17 May. The rainfadlin was associated with oscillatory wind speed train
alternating between positive and negative valugs (d) as well as alternating downward shortwiaggation
minimum (Fig. 10e) associated with the wave cloU@savity waves are known to play an important riole
transporting the momentum and energy through lastances (Fritts, 1984). Here, they would be a way

carry momentum and energy from South Atlantic ®eluator during the strong event.

5.2 A decisive event for coastal monsoon onset

The mid-May 2005 wind event was found to be invdlve the early onset of the ACT development (Main
al. 2009, Caniaux et al., 2011). The influencelaf told tongue on the WAM onset has been suggdsted
several authors (Okumura and Xie, 2004; Caniawat.e2011; Nguyen et al., 2011; Thorncroft et 2011). At
the seasonal time-scale, Caniaux et al. (2011)esigfat it comes from strong interactions betwienSST
cooling and wind pattern in the eastern equatdkitdntic: the ACT serves to accelerate (deceleraieys in
the northern (southern) hemisphere contributinghto northward migration of humidify and convecti@md
pushes precipitation to the continent. Thus, duéstampact on ACT development, the mid-May 2005 avi
event is also linked to the onset of the WAM in 2@hich has been the earliest over 1982-2007 pérad
Caniaux et al. (2011). In this section we aim tttdreunderstand how this single wind event may hsweh
impact. For further information on the WAM, theader can refer to Leduc-Leballeur et al. (2013) @adiaux
et al. (2011).

In order to analyze the air-sea pattern in theheort Gulf of Guinea during May-June 2005, we showig. 11
the wind stress magnitude, precipitation rate, &8T fields averaged from 10° W to 6° W. The wind
strengthening appeared first south of the equatd2316 May and then north of the equator from 84vhy. It
was associated with strong rainfall extending seatld up to 2° N. Equatorial cooling occurred 4 slagter
the event and slowed down the overlying winds ®dBack mechanisms. The winds north of the equbéor t
remained stronger than in the ACT region and stresrged again north of the Equator on 22-28 Maytteage
with precipitation maximum pushed northward (aro8fdN) after the event.

Thus, this mid-May event appears as the “decisiemn€ which triggered the abrupt transition betwéles two

wind patterns in the northern Gulf of Guinea, witte® wind north of the equator became and remaitvedger
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than south of the equator. It occurred 15 daysiezaithan the average date (31 May) identified bylulae
Leballeur et al. (2013) over 2000-2009 period. Adaony to these authors, the time of occurrencehed t
phenomenon would be related with the strength ofrealous moisture flux. They explain that in Aprilayithe
low atmospheric local circulation is present onlyridg an equatorial SST cooling and surface wind
strengthening north of the equator, both generbyed southerly wind burst, before disappearingluhé next
wind burst. In June-July the low atmospheric ladedulation is then always present and intensifigdhe wind
bursts. Thus, the establishment of an abrupt sehsmmsition event as observed in 2005, occurrmgch
earlier than the reference date, supposed anonmalstreng equatorial cooling caused by unusualngtro
southerly winds which allowed, through air-sea ratéions mechanisms, to trigger the deep atmospheri

convection in the Gulf of Guinea at a self sustajrievel.

(D) precipitation

(@) wing stress nagnituge (.2
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Figure 11: Time evolution, in May and June 2005 betweefs @hd 6° N and averaged between 10° W and 6°
W, of the (a) daily averaged wind stress magniii\len?) computed from CFSR wind speed fields ; (b) daily
averaged precipitation rate (kg’fday) from CFSR fields and (c) 2-daily averaged $5T) fields, from the

forced model.

5.3. Why made the mid-May 2005 event so special?

To better understand which makes the particulaitthe mid-May 2005 event, the atmospheric and micea
conditions (SST, intraseasonal SST anomalies, seasonal short-wave radiation flux anomalies (Htrea
RADSW), intraseasonal wind stress magnitude an@sgalintraseasonal z20 anomalies, and intraseasonal
meridional SST gradient anomalies) averaged owved@? W - 6° W region and between 15° S to 5° Nrdur
April-May are analyzed over the 1998-2008 period)(E2). The intraseasonal wind stress magnituadenahy
during mid-May event appears to be one of the geenover the whole 1998-2008 period (up to 0.13N.m
around 15°S and 0.05N:frin equatorial region). These strong wind condgiare usually met later in late
boreal spring or summer, when the St. Helena Aaline strengthens and shifts northward toward themw
hemisphere. The wind intensification in mid-May 200as associated with particularly weak RADSW from
South Atlantic to the northern equatorial regiarggesting cloud albedo effect during the event Wwidnded 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 surfacgers were already cooled by previous wind buestg. 20
April and 8 May). The SST response to the mid-Magre occurred 4-6 days later, inducing the weakest
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629 equatorial SST values for April-May season overvimle 1998-2008 period (SST drop of ~3°C inducsgjr
630 < 24.8°C). The cooling also caused an enhancedf®®T around 1° N, as shown on Fig. 12 (bottom pane
631  which was found to be the earliest and strongestawer the 1998-2008 period. This meridional SSAdigmt
632  was responsible for the wind surface intensificatimrth of the equator (Fig. 11a and Fig. 12, foypénel)
633 through air-sea interaction mechanisms as desctilyededuc-Leballeur et al. (2011). Another SST gead
634 maximum is found at the end of May 1998 but it was extended as eastward than during the mid-M&p 20
635 event (not shown).

636  When the wind burst occurred on 14 May 2005, th&C28otherm depth in the area was anomalously ahall
637  south of the equator and slightly deeper at theeqyFig. 12, fifth panel). The thermocline shoglassociated
638  with the Kelvin wave appeared in fact a few daydieaproviding favorable subsurface conditions gihmade
639 the SST response to previous wind bursts (20 Aprd 8 May) more effective. At the time of the miciu
640 event, the wave already reached more eastern aeakpwn in previous sections.

641

642 Thus, the particularity of the mid-May 2005 evendinty lies in the i) anomalous atmospheric cowdisi
643 related to strong St. Helena Anticyclone pertudygtii) cooling initiated by the succession of pgoas wind
644 bursts; and iii) favorable subsurface local oceanditions preconditioned by equatorial waves wtstbaled
645 the mixed layer. Another wind burst of comparaligensity occurred at the beginning of May 2000 (Hig,
646  fourth panel) while the thermocline was shallowysiag SST cooling at the equator (Fig. 12, firsd aacond
647 panels). However, the wind strengthening was lesiden than during the mid-May 2005 event and the
648 resulting cooling took place over a less broadaednot shown). In addition, the surface pressuop déh the
649 ITCZ region was not as pronounced as during mid-RI2g5 event.

650
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Figure 12: Time-latitude diagrams for April-May along the 192808 period, of 2-days average, from top to
bottom i) SST (°C); ii) intraseasonal anomaly of TSGC); , iii) intraseasonal anomaly of wind sges
magnitude (N.nf) from CFSR fields; iv) intraseasonal anomaly obrstwave radiation surface flux (W:#H
from CFSR fields; v) intraseasonal anomaly of 2@@herm depth (m) computed from the forced mo&T;S
vi) intraseasonal anomaly of meridional SST grad{emery 0.5° of latitude), from the forced modaleraged
over 10° W-6° W. The vertical black thin line indtes the date of 14 May, 2005. For details aboet th
calculations of the anomalies, see Sect. 2.

6. Summary and discussion

In this study, the impact of intraseasonal windsS&T in the far eastern Tropical Atlantic duringead spring
2005 and 2006 has been investigated from obsensatiad numerical simulation. We first focus ourdgtin
the Cape-Lopez region (CLR), east of 5°E and betvilee equator and 7° S, where the seasonal andrimigal
SST variability is poorly documented. There, theelab spring (AMJ) season corresponds to a tramsitio
period between high SST in boreal winter and we@k $ boreal summer, under the influence of locids.
Intensified cool SSTs are observed in the coagtaklling area located around 6° S in the Congo moegion,
associated with mean alongshore wind conditionse&aspring season is in fact characterized by mawi
winds amplitude, influence of which is made moréedive by shallow thermocline depth, itself strbng

influenced by remote forcing. The seasonal cyclthenCLR is modulated by strong year-to-year vimes, as
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observed in boreal spring 2005 when cold SST anparal associated with shallower-than-average theline

depth and positive wind speed anomaly.

The intraseasonal wind bursts which occurred inedlospring 2005 and 2006 generated cooling episodes
especially around 3°-4° S except for some strongesihts when the cooling reached more northerntedah
region, especially during the mid-May and end-M&92 events. The intensity of the cold events resduitom
both basin preconditioning by remotely forced shmplof the thermocline (via Kelvin wave), local ritig
(induced by current vertical shear) and upwellingcpsses in response to strong southerly localswiRdr one
particular event, on 26-28 May 2005, the net hkat &lso tended to cool the surface water, duenteaaced
cloud cover which decreased the incoming solaratamis. In the CLR, stronger wind intensificationda
favorably preconditioned oceanic subsurface commstiin 2005 made the coupling between surface and
subsurface ocean processes more efficient tha@idf, 2esulting in stronger cooling. It should béeabthat the
occurrence of intraseasonal wind intensificatiothim CLR is not specific to the boreal spring/sumg@05 and
2006 and is observed every year over the 1998-2@0®d of study (not shown). However, their impaot
SST variability in the region is modulated depegdiof the strength of wind intensification and ofeth
subsurface preconditioning. For example, the ye2®81 known as a "warm year”, is characterized by
anomalous warm SST in boreal spring/summer in th®.Cassociated with anomalous weak winds and

anomalous deep thermocline.

The preconditioning of subsurface conditions in #rea via Kelvin wave at the dates of the wind tsurs
depended on the atmospheric conditions in the wegtrt of the basin a few weeks earlier. Previstuslies
(e.g. Picaut, 1983; Philander, 1990) suggest timsburce of an equatorial Kelvin wave is mainlatetl to a
sudden change of the zonal wind in the west. AmalySatmospheric and oceanic conditions at inasseal to
daily scale in winter 2005 and 2006 showed thatofath years, an Kelvin upwelling wave was initiatadhe
west while easterly winds were strengthened frotheeiside of the equator just after the ITCZ toabets
southernmost location. This latter was observedmaeth earlier in 2006 (late February — early Mauttian in
2005 (late March-early April), and was associatétth & negative wind stress curl anomaly. In wire65, the
ITCZ was found south of the equator after a verddem southward shift and was followed by strondezlss
during ~20 days, while in winter 2006, the ITCZ wiasind closer to the equator less sharply and duain
longer period, followed by weaker easterlies whempared to 2005. These results obtained for thesy#205
and 2006 years do not imply that same atmospheriditions would be observed for winter upwellinglKe
wave of other years. Especially, the year 2005 weag particular and also exhibited anomalously ®&1T's in
the south Atlantic and anomalously warm SSTs in ribeth Atlantic initiated in fall 2004, signaturd a
meridional mode (Virmani and Weisberg, 2006; Falted Mc. Phaden, 2006; Hormann and Brandt, 2009).

Upon impingement at the eastern boundary, the impmquatorial Kelvin wave excites westward-propaga
Rossby waves and poleward propagating coastal Keleves.In 2005, the Kelvin wave reached the coast
around mid-May while southerly winds strengthergthwing the reflected wave to be reinforced by libeal

wind. This resulted in westward propagation of niegaz20 and SSH anomalies which, combined with
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enhanced westward surface currents, provided falereonditions to westward extension of cold upaetll

water from the eastern coast to near 20°W throdgkeaion and vertical mixing.

In the second part of the study, we specially fedusn the mid-May 2005 event (13 May to 16 May} thas
characterized by strong southerly wind strengthgninthe eastern Tropical Atlantic Ocean. It wasnfd to be
responsible for the sudden and intense SST couwlitfte Gulf of Guinea and the CLR, and involvedha early
onset of the ACT development in 2005 and thereiiorearly onset of the WAM. The analysis of atmosjghe
and oceanic conditions in the Gulf of Guinea assedi to this event allowed to show that the mid-Magnt,
controlled by the St. Helena Anticyclone, can beniified as a “decisive event” which triggered tderupt
transition between two wind patterns in the nomh@ulf of Guinea. Unusual strong southerly windduiced
anomalously strong equatorial cooling which in sustowed down the overlying wind feedback mechardsih
generated stronger than normal southerlies nortithef equator through the SST front around 1°N. This
triggered the deep atmospheric convection in thé @uGuinea at a self-sustaining level and theibeigg of
coastal precipitation. The time of occurrence @ fphenomenon, 15 days earlier than the averaged(8a
May from Leduc-Leballeur et al., 2013), suggestt the mid-May 2005 event was associated with afmmsa
strong moisture flux. The description of atmosphednditions over the 1998-2008 period has shown tte
2005 event was characterized by the strongestcugeessure gradient between the St. Helena higgspres
and the low pressures under the ITCZ, inducingnstidadley cell activity. No similar atmospheric teat was
observed during the whole 1998-2008 period. Anottied burst of comparable wind intensity occurrédhe
beginning of May 2000. This event also induced aling at the equator but the surface pressure deermn
ITCZ region was not as pronounced than during madN005 event and the SST gradient around 1° N was
weaker. In addition to coastal precipitation in Galf of Guinea and due to the early cooling in 8@&T region,
unusually rainfall conditions also occurred betw#ga northeast coast of Brazil and 15° W within 8i€CZ,

which generally forms in early boreal summer.

Finally, this study highlights the impact of a stgosoutherly wind burst in the eastern tropicabAtic during
boreal spring season, which is a transitional pedoring which an anomalous strong energy input tiathe
energy balance from an equilibrium state towardf@@oone and thus impact the WAM system. The aisabfs
atmospheric and oceanic conditions during the m&N005 wind event allows to highlight the differen
processes through which the wind power providedhleywind burst is brought to the ocean: i) dirdtéa of

the wind on the SST in the eastern tropical Atigni) changes in the trade winds in the westernagorial
Atlantic exciting eastward-propagating equatorighKn waves; iii) energy transport via atmospheric gravity
waves from South Atlantic; and iv) energy supply Rossby wave. In addition to unusual atmospheric
conditions in mid-May 2005, the ocean responsensitg to this event was also enhanced by the stdrsur
conditions, made favorable by previous wind burstter local (e.g. in 6-8 May) or occurring a feweeks

before in the West.
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It is crucial to better describe the atmospherid aceanic processes in play during such extremetenetably
in order to reduce the well known warm bias in sbetheastern tropics in coupled models in both spheric
and oceanic components (Zeng et al., 1996; Davey.,e2002; Deser et al., 2006; Chang et al., 260ahter
and Xie, 2008) as well as in forced ocean-only &tens (e.g. Large and Danabasoglu, 2006). Thisnazias
is well evidenced in our numerical simulation (Flg2) and our results clearly show that the cookpisodes
were underestimated in the CLR, implying the neeéhtestigate more in depth the oceanic and atnessph
processes in play in this particular region. Asititeaseasonal wind bursts are related to the fatadns of St.
Helena Anticyclone, their impact on SST variability the eastern tropical Atlantic and regional clim

suggests the need of better understand the Stm&idleticyclone variability.

It is also important to note that the mid-May 2G8&nt occurred during an unusually active year. yéwr
2005 exhibited a pronounced meridional mode pattetin strong SST gradient between the two hemisgher
Several authors (Foltz et al., 2006 ; Virmani andisfderg, 2006 ; Marengo et al., 2008a, 2008b ; Zsray.,
2008) studied this particular year, marked by aroosly warm SST in the tropical North Atlantic dugi
March-July, the warmest from at least 150 yearss @homalous warming was associated with the nuistea
and destructive hurricane season on record (Fblk,e2006; Virmani and Weisberg, 2006) and ameswe and
rare drought in the Amazon Basin (Marengo et &I08, 2008b; Zeng et al. 2008; Erfanian et al.,720Erom
these authors, primary causes of the anomalous iwgrim 2005 were a weakening of the northeastedgd
winds and associated decrease in wind-inducedtlhest loss as well as changes in shortwave radiatind
horizontal oceanic heat advection. This 2005 teatpee record is made even more remarkable givery tha
unlike the 1998's one, it occurred in the abserfcany strong El Nifio anomaly (Shein, 2006). Somalists
(Goldenberg et al., 2001) attribute these SST asme to the Atlantic Multidecadal Oscillation (AM@hile
others suggest that climate change may insteaddying the dominant role (Emanuel, 2005; Webstealgt
2005; Mann and Emanuel, 2006; Trenberth and SHh¥6)2 Comparable anomalously warm tropical Atlantic
SSTs have been observed in 2010 also associathdextieme drought in the Amazon. However, from time
series of monthly anomalies constructed for the basins (North and South Atlantic) by using OISSdnthly
mean data, Erfanian et al. (2017) show that thengaithan-usual SSTs in the North Atlantic in 201&swot
associated with colder-than-usual SST in Southmittacontrarily to 2005 (their Fig. S4e).

While the warming in North Tropical Atlantic durir®p05 has been investigated by several authorgdbling
in South Atlantic has received less attention. Bigly highlights the need to further document eoitor the
South Atlantic region and the St. Helena Anticyeorthrough additional high resolution analysis and

observations.
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