Authors’ response to Referee 1

Journal: Ocean Sciences

Title of paper: Impact of intraseasonal wind bursts on SSTadmlity in the far eastern
Tropical Atlantic Ocean during boreal spring 2006l 2006. Focus on the mid-may 2005
event.

Authors: Herbert Gaélle, Bourlés Bernard.

We thank Reviewer 1 for his comments and suggsstitt allowed improvements of our
paper. We have made all needed information to niaédigures easily understandable and
conforming with general publications criteria (figes size, labels, etc). We also worked to
make the manuscript easier to read and understdoydadding some information and

removing others.

RC: Referee’s comment;C: Authors’ comment)C: Manuscript changes

Response to major comments

1. RC: The study focusses on the years 2005 and 2006. Mafsthe features discussed in
section 4.2, however, appear to occur in both of &se year. Maybe it would be more
instructive to contrast 2005 to an interannual warmevent year?

AC: To contrast interannual events in 2005 and inrmemwyear (like 1998) would be indeed
also interesting. However, the comparison withytear 2006, considered as a “normal year”,
shows that the interannual events are a commouaré&eanpacting the SST variability in the
studied area and highlights what makes the yeab 2@0a “cold” year. To illustrate, the
figure X1 (not added in the revised manuscriptpiaeshows the longitude-time diagram of
the SST in CLR (Figure X1 a & f) as well as theaseasonal variations of the wind stress
speed (Figure X1 c & h), the 20°C-isotherm depigyfe X1 d & i), and the sea surface heat
flux (Figure X1 e & j) for 1998 (warm year) and Z(cold year). We see indeed that the
SSTs in boreal spring are higher in spring 1998 thiaring 2005. The wind bursts during
spring 1998 are not as stronger than during sp20@5. Moreover, the 20°C-isotherm is

deeper in spring 1998 than during 2005, making38& less reactive to wind intensification.



What makes the particularity of the year 2005 isthe occurrence of intraseasonal events
but their time of occurrence, their strength, amelfavorable combination of local and remote
forcing with the arrival of Kelvin wave at the tima strong local winds which induces
shallower thermocline.

Thus, we have not described the conditions for 1888&use we have preferred to focus on
the year 2005 and understand what makes it an dooswgear compared to a “normal” year.
However, it would be interesting to add in the Dission section some lines about the
conditions of a warm year such as 1998.

MC: These lines have been added in the conclusion:

“It should be noted that the occurrence of intras@aal wind intensification in CLR is not specific t
the spring/summer 2005 and 2006 and is observey gear over the 1998-2008 period of study (not
shown). However, their impact on SST variabilitythe region is modulated depending on the
strength of wind intensification and of the subaoef preconditioning. For example, the year 1998,

known as a "warm year”, is characterized by anomaavarm SST in boreal spring/summer in the

CLR., associated with anomalous weak winds and almrs deep thermocline.”
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Figure X1: (a & f) Latitude-time diagram of 2-dalBST (°C) ; (b & g) intraseasonal variations of%C); (c & h)
intraseasonal variations of wind stress; (d & ij@@sotherm depth ; (e & j) surface heat flux; fraPhMarch to 31 August
2005 (left panels) and 1998 (right panels) andaged from 5°E to 12°E. The intraseasonal variateme computed by

remove the 30 days low-pass filtered field to ttaltfield.



2. RC: Also, it is not clear whether the processes disssed in section 4 and 5 are specific
to 2005 or whether some of them play a role in evgispring cooling and/or other
interannual cold events as well. In other words: Dantraseasonal wind bursts impact

SST in the Cape Lopez region in every summer or dimg every interannual cold event

or just in very specific years as 20057?

AC: The comparison with 2006, considered as a “ndrmehr, precisely shows that the
intraseasonal wind bursts also occur in spring/samauring normal conditions and that is
not a particularity of the year 2005. However, @03, there are successive strong wind
bursts in April-May combined with favorable subswé conditions (shallow thermocline)
due to the arrival of Kelvin wave, that make thelow more efficient than in 2006 and
which occurs earlier than usual. In order to clatiifis point in the text, some lines have been

added in the conclusion as mentioned in responeetprevious question.

3. RC: Related to point 1 and 2, the time scales discusbtend to get mixed up a bit. The
relationship between the intraseasonal wind burstghe seasonal cycle of SST, and
interannual variations should be sorted out more darly.

AC & MC : In order to sort out the different times scaleganclearly, we decide to show the
interannual component of SST/winds/vertical currsiéar/Ekman pumping variabilitgn
figure 4, by removing the 30-days low-pass filgrio the annual time series. An effort has
been made in the text in order to describe morariglehe time scales studied. In addition,
some lines have added in section 4.3 (“Westwardrnsibn of the CLR cooling”) about the
climatological behavior of the connection betweebRCand equatorial region and the

particularity of the year 2005.

Response to Specific comments:

1. RC: I am missing a motivation on why the Cape Lopezagion is of interest.

AC: The initial reason that motivates the study ef 85T variability in the Cape-Lopez
region is the observation in satellite SST dateotdl coastal waters independent from those
observed off shore in the cold tongue region ardlOfdV (see the map of satellite SST data
for the 8 June 2005 shown on the Figure X2) whaikes the question of the link of such

cooling with the cold tongue development.



S5T TMI (degC) - EGE - rt-daily - 200506/08/00:00

Figure X2: SST (°C) from TMI satellite data on 8 June 2005.
The equatorial region and the processes implietiencold tongue development are largely
studied contrary to the Cape-Lopez region. Otheerse studies focus on SST variability in
more southern region such as Angola-Benguela fhantyery few in the Cape-Lopez region.
However, we thought that better describe the SSTabitity in the Cape-Lopez region is
needed and interesting especially because of theeraus processes in play notably due to
the presence of the coast and the proximity ofetpgator. In addition, some studies (such as
DeCoétlogon et al., 2010) suggest taBshort time scale (a few days), more than hathef
cold SST anomaly around the equatorial cooling ¢daé explained by horizontal oceanic
advection controlled by the winds. Therefore, advainderstanding of the SST variability in
the CLR may also help to better understand the \&®i&bility in the equatorial region.
MC: Some lines have been added in the Introduction:
“The question of the processes implied in the S&Tahility in the Cape-Lopez region was raised
based on an observation in satellite SST data lof coastal waters during spring independent from
those observed off shore in the cold tongue regionnd 10°W which also raised the question of the
link of such cooling with the cold tongue developtrig]...] “In addition, some studies (such as
DeCoétlogon et al., 2010) suggest thashort time scale (a few days), more than hathefcold SST
anomaly around the equatorial cooling could be aiptd by horizontal oceanic advection of
upwelled cold coastal waters controlled by the sin@iherefore, a better understanding of the SST
variability in the CLR may also help to better ursleand the SST variability in the equatorial
region.”

2. RC: Related to comment (3) above, the time scales oferest should be specified
somewhere in the beginning, and it should be stateshether the data were filtered or

averaged over time to focus on them individually.



AC: In order to isolate the interannual componentreraoved the low-pass filtering (cutoff
frequency of 30 days) of the annual time serigbédaotal field.

MC: As suggested, we have added this informationertdRt, in Sect. 2:

“Note that throughout the whole text and figure taps, the term “intraseasonal variations” is used
to designate the field obtained after the remowihdhe 30 days low-pass filtered field to the total
field of the given year, while “intraseasonal andyiaefers to the field obtained after the removing

of the 30 days low-pass filtered field averaged d898-2008 to the total field of the given year.”

3. RC: line 184/185: The highest temperatures occur mor@wards boreal spring than
winter.

AC & MC : Thank you for the remark. Indeed, the highest tapres occur at the end of
March, i.e. at the late of boreal winter and thgiteing of boreal spring. The text has been

modified accordingly.

4 RC: line 188/189: | think all of the references give here discuss biases in coupled
climate models while in this study an ocean-only nal is used.

AC: Thanks to point this.

MC: The phrase line 188/189 has been changed as foljow

“Despite a warm bias (~1°C) compared to satelliteservations, the model pretty well reproduces
the satellite pattern. While this warm bias in #estern tropical Atlantic is well known in coupled
climate models (e.g. Zeng et al., 1996; Davey gt2402; Deser et al., 2006; Chang et al., 2007;
Richter and Xie, 2008), results from Large and Daasbglu (2006) show that a warm SST bias may
also be present along the Atlantic coast of south#rica in forced ocean-only simulation.”

5. RC: lines 200-202: A number of previous studies hav&hown this and could be cited
(e.g. Schouten et al., 2005).

AC: Thank you for point this.

MC: Reference has been added as following (section 3):

“The region is also characterized by a shallow thecline which depicts a strong semi-annual cycle
(Fig. 1d). The evolution of z20 reveals a shoalwfgthe thermocline during May-July and a
deepening up to October-November when it exhibitsazimum depth, in agreement with previous
studies such as the one realized by Schouten &0fl5) who find a similar seasonal cycle from SSH

altimetric data.”



6. RC: Itis hard to directly compare the conditions in 205 and 2006 as they are
presented in different figures (Fig. 3 and 4) on dierent pages of the manuscript. |
would suggest to combine those figures. Also, thedividual dates given in the text (e.qg.
lines 231 to 233, lines 257 to 259) are impossilbeidentify in these figures and should
be illustrated in a different way.

AC: The choice to separate 2005 and 2006 has beea tmdighlight the correlation
between the different fields.

MC: In order to have better clarity, we decided tovsitiee total field of SST and 20°C-
isotherm depth for 2005 and 2006 on Figure 3 aadrttraseasonal variations (by removing
the 30-days low-pass filtered data from the ta&dj of SST/wind/vertical current
shear/Ekman pumping for 2005 and 2006 on the saguee4, in order to better highlight
the intreaseasonal events. In addition, we haveeraagbom on March-August period for

better visibility of the events.

2005 (a) 2006 (c)

Figure 3: (a & c) Latitude-time diagram of the sea surfamaperature (°C); (b & d) Latitude-time diagram of
the 20° C-isotherm depth (m); frorff March to 31 August 2005 (left panels) and 200§htrpanels) and

averaged between 5°E and 12°E.
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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®3 & 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 ii@ximum of the current vertical shear magnitudestjn
averaged between 5° E and 12°E; (d & i) Longitudeetdiagram of the intraseasonal variations of Bkma
Pumping (m.8) averaged over the CLR. Ekman pumping values =itate upwelling; (e & j) Latitude-time
diagram of the net heat flux (W-fhaveraged between 5° E and 12° E; frafiMiarch to 31 August 2005 (left

panels) and 2006 (right panels). For details abaldulations of intraseasonal variations, see Sect.

Modifications have also been made on the plot 6C2@otherm depths, Fig.3 : weaker
values of 20°C-isotherm depths indicate shallowerrhocline to be consistent with the

modifications made on the Fig.1, Fig.5, Fig. 9,.Fi@nd Fig. 13 (Fig 12 in revised version).

7.RC: lines 254/255: Are the data filtered to focus othe intraseasonal time scale? (see
comment above)

AC: Yes, the wind stress magnitude field shown oufegl has been obtained after remove
the low-pass filtering (cutoff frequency of 30 days the total field (see the modified Figure
4 in the response of the previous question).

MC: Indications about how the calculations have beaderfor each figure have been added
in the text, in Section 2‘Note that throughout the whole text and figure taps, the term
“intraseasonal variations” is used to designate fiedd obtained after the removing of the 30 days
low-pass filtered field to the total field of thevgn year, while “intraseasonal anomaly” refersttoe
field obtained after the removing of the 30 daye-frass filtered field averaged over 1998-2008 to

the total field of the given year.”

8. RC: line 336: How did the timing of the preconditionng impact the intensity of the
cooling?

AC: In 2005, the arrival of the upwelling Kelvin waireCLR brings the thermocline close to
the surface that makes the wind burst, which ocsimsilitaneously, more efficient in cooling
the SST. As explained in line 336, stronger wirtemsification and simultaneously favorably
preconditioned oceanic subsurface conditions, mée coupling between surface and

subsurface ocean processes more efficient tha@(,2esulting in stronger cooling.



9. RC: Fig. 7 and Fig. 10 are very small and thus hardat read.
AC & MC : The Figure 7 has been modified and zoomed overatg-June. The Figure 10

has been also modified and the wind and precipiigtattern have been separated for more

visibility.
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Figure 7: Time evolution, from 2-days averaged model outmwsr Jan-June2005 (left) and Jan-June 2006
(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 meridiomiad
stress (N.M) averaged between 50° W and 35° W and betweenatfdSL° N; (c & i) same as (b & h) but for
intraseasonal anomaly of zonal wind stress (N;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 extiwh of the
Kevin wave (see text). For details about the calbohs of anomalies, see Sect. 2
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Figure 10 Daily-averaged, from 13 May to 17 May 2005 (fefright panels), of (a) the precipitation rate
(kg.m?/day) ; (b) the wind speed vectors superimposel wihd magnitude (color field) (m% from CFSR

fields; (b) the surface pressure (hPa) from ERA-2&halysis; (c) the wind speed curl ().somputed from
CFSR wind speed fields; and (d) the downward siante radiation (W.f) from CFSR fields.

10.RC: Section 5.2: You mention in the introduction thatthe monsoon onset happened
early in 2005, but this information should be repeted in this section.

AC & MC: The following sentences have been added as adindtion of the section 5.2.:
“The mid-May 2005 wind event was found to be inedlin the early onset of the ACT development
(Marin et al. 2009, Caniaux et al., 2011). The uefhice of the cold tongue on the WAM onset has
been suggested by several authors (Okumura and2R@4}; Caniaux et al., 2011; Nguyen et al.,
2011; Thorncroft et al., 2011). At the seasonaktisgale, Caniaux et al. (2011) suggest that it come
from strong interactions between the SST coolirdjwimd pattern in the eastern equatorial Atlantic:
the ACT serves to accelerate (decelerate) windlseémorthern (southern) hemisphere contributing to
the northward migration of humidify and convectiand pushes precipitation to the continent. Thus,
due to its impact on ACT development, the mid-May wvent is also linked to the onset of the WAM
in 2005 which has been the earliest over 1982-286d from Caniaux et al. (2011). In this section

we aim to better understand how this single windnévmay have such impact. For further



information on the WAM, the reader can refer to wedeballeur et al. (2013) and Caniaux et al.
(2011).”

11.RC: Fig. 13 looks rather strange because of the disatinuities between May of one
and April of the next year. Maybe you could separa the years more clearly with
vertical black lines.

AC & MC : Vertical black thick lines have been added amdfifure 13 has been modified

for more clarity.
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Figure 13 (“Figure 12" in the revised manuscript): Time-latitude diagrams for April-May along the 1998
2008 period, of 2-days average, from top to bottp@ST (°C); ii) intraseasonal anomaly of SST (°C)ii)
intraseasonal anomaly of wind stress magnitude @)} flom CFSR fields; iv) intraseasonal anomaly obrsh
wave radiation surface flux (W: i from CFSR fields; v) intraseasonal anomaly of@sotherm depth (m)
computed from the forced model SST; vi) intraseab@momaly of meridional SST gradient (every 0.5° o
latitude), from the forced model; averaged over\W6° W. The vertical black thin line indicates tthate of 14

May, 2005. For details about the calculations efahomalies, see Sect. 2.

Modifications have also been made on the plot 6C28otherm depths : weaker values of
20°C-isotherm depths indicate shallower thermodinke consistent with the modifications
made on the Fig.1, Fig.3, Fig.5, Fig. 9 and Fig. 7.



12.RC: Instead of Fig. 14 a and b, | would suggest to siwvoa map of the surface

pressure for May 2005. The time series can then hifight that the pressure gradient

was special.

AC: Thank you for the suggestion. In fact, maps efshrface pressure from May 13 to May
17 2005 are already shown on figure 10.

MC: We decided to remove the figure 14 and to modiffedcomments of the figure 10
about the surface pressure as following (sectitri}p:

“The strong winds during the event were associakéth high pressure core of the Saint Helena
Anticyclone, especially on 13-14 May, also assedatith particularly low pressure under the ITCZ
4 days later (Fig. 10c). The pressure fall duritg tmid-May 2005 event appeared as the lowest in
May over the whole decade (not shown). The merdisurface pressure gradient during the event is
thus found to be the strongest over 1998-2008 geridhat suggests strong Hadley circulation
intensity during the mid-May event and thereforersy equatorward moisture flux, allowing the deep
atmospheric convection in the Gulf of Guinea tdriggered at a self-sustaining level, as previously
described in Sect. 52

13.RC: Please check that the figures are numbered in therder in which they are
referenced in the text.
AC: Thanks, this was checked.

RC: Fig.1: | woud suggest to plot the line for 2005mtop of the other lines as it it very
hard to see. It would also be helpful to plot a lager area in the maps on the right hand
side. What are the vectors shown in Fig.1b and Figl?

AC & MC : Thanks for suggestions. The modifications hawenbeade (see Fig.1). The
vectors shown in Figlb and Figlc are respectiveywind vectors and the surface current
vectors. The indications have been added in theniggin addition, modifications have been
made on the plot of 20°C-isotherm depth: weakewesbf 20°C-isotherm depth indicate
shallower thermocline to be consistent with the ifiwations made on Fig.3, Fig.5, Fig.7,

Fig. 9, and Fig. 13 (Fig. 12 in revised version).
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Figure 1. Monthly average of the (a) sea surface tempezaft€); (b) wind stress direction (vectors) and
magnitude (color field) (N.if); (c) horizontal surface current direction (vesjoand speed (color field) (ri)s;

(d) 20° C-isotherm depth (m); and (e) surface Hieat (W.m%; positive values indicate downward flux) from
January to December from 1998 to 2008 and for lineatology (averaged over 1998-2008) simulated hey t
model (red curve) and from the observations : mgrakierage TMI 3-daily SST data (light blue curwe(a));

averaged over 5° E-14° E and 7° S-0° S. Right panaps of each variable over May-June.

RC: Fig.5 : I would suggest to use red for deeper aniolue for shallower thermocline to
be consistent with SST.



AC& MC: Thanks for suggestion. The modifications have beade on Fig.1, Fig.3, Fig. 5,
Fig. 9, Fig. 7, and Fig. 13 (Fig 12 in revised ven}.
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Figure 5: Time evolution of the intraseasonal anomaly df 2disotherm 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 tcstivéace. For details about calculations of thenzadies, see
Sect. 2.
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Figure 6: Time evolution of the sea level anomaly (m) alamg équator (between 54° W and 12° E) and along
9° E (between the equator and 3° S) for 2005 (laftyl 2006 (right) from AVISO data.

Additional authors’ comments:Thanks a lot for thehnical notes. The corrections have
been made in the text.



Authors’ response to Referee 2

Journal: Ocean Sciences

Title of paper: Impact of intraseasonal wind bursts on SSTadmlity in the far eastern
Tropical Atlantic Ocean during boreal spring 2006l 2006. Focus on the mid-may 2005
event.

Authors: Herbert Gaélle, Bourlés Bernard.

We thank Reviewer 2 for his comments and suggestiwt allowed improvements of our

paper. We have made all needed information to ntlaédigures more understandable and
conforming with general publications criteria (figgs size, labels, etc). We also worked to
make the manuscript easier to read and understdaydadding some information and

removing others. The abstract has been also modifi&ing into account the reviewer’'s

comments (the sentence about the NE Brazil has t@woved and some words about the
West African Monsoon have been added).

RC: Referee’s comment;C: Authors’ comment)C: Manuscript changes

Response to specific Comments

1. RC: I wonder for many of the plots, especially when idcussing the May 2005 event, if

it would be better to plot the difference from theclimatological mean (an anomaly). It
might make the 2005 event stand out. As the figurese, it is difficult to tell that this

event is different from some of the other events ithe 1998-2005 range.

AC: Thanks for the suggestion. Indeed, plot the an@sadillow to better identify the
particularity of the mid-May 2005 event.

MC: We have modified the figure 13, enlarged it arel 30-days low-filtered data averaged
over 1998-2008 period has been removed to eachfi@lhexcept for the first panel where

the SST is shown. In addition, black thick linesdnaeen added to separate each year.
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Figure 13 (“Figure 12" in the revised manuscript): Time-latitude diagrams for April-May along the 1998
2008 period, of 2-days average, from top to bottp@ST (°C); ii) intraseasonal anomaly of SST (°C)ii)
intraseasonal anomaly of wind stress magnitude @) from CFSR fields; iv) intraseasonal anomaly obrsh
wave radiation surface flux (W: i from CFSR fields; v) intraseasonal anomaly of@sotherm depth (m)
computed from the forced model SST; vi) intraseab@momaly of meridional SST gradient (every 0.5° o
latitude), from the forced model; averaged over\W06° W. The vertical black thin line indicates tthate of 14

May, 2005. For details about the calculations efahomalies, see Sect. 2.

Modifications have also been made on the plot 8C28otherm depths : weaker values of
20°C-isotherm depths indicate shallower thermodiinke consistent with the modifications
made on the Fig.1, Fig.3, Fig.5, Fig7 and Fig. 9.

2. RC: For all figures, it would be helpful to increasethe fontsize for the x and y-axis
labels. The figures are very difficult to read.
AC: Thanks for this suggestion. Modifications haverbenade.

3. RC: Itis unclear in the different sections whether he region being discussed is the
Cape Lopez region, the equatorial Gulf of Guinea, othe western part of the basin. One
confusing discussion revolves around the wind burst They are sometimes discussed in

the Cape Lopez region associated with southerly wits and sometimes in the western



basin as westerly wind bursts associated with Kelwiand Rossby waves. The text mostly
just says “wind burst” so it's difficult to tell wh ich is being referenced.

AC: Thanks for the remark. Indeed, in the first pafrthe paper we focused on the Cape-
Lopez-region and then extend the analysis at mioteagscale when we focused on the mid-
May wind event.

MC: For greater clarity, “wind bursts” has replaced‘éyutherly wind bursts” when they are
discussed in the Cape-Lopez region and by “eastany bursts” when they are discussed in
the western part of the basin.

4.RC: On line 13, you say “some particular events iiip decrease of incoming surface
shortwave radiation,” but in fact, you only descrited one event this applied to (May
2005). This can be fixed by changing the word “sorfi¢o “one.”

AC: Thanks for the remark. In fact, another eventuogdn spring 2006 (on 2 April).
MC: Thus, we included the description of this eventtli® comments of Figure 4:
“A strong net cooling (-30 W-Hhoccurred during the 26-28 May 2005 event. It wasnly due to a
sudden decrease of incoming surface short waveatiadi (drop of about 80 W.min the CLR
between 22 and 28 May; not shown) suggesting isect&loud cover. Another strong net cooling
occurred on 2 April 2006 with a mean value in tHeRQreaching -95W.fnlt is more sudden than the
end-May 2005°‘s one, and was almost exclusivelyicéstl to the CLR region with values reaching
locally -185W.rA (not shown). For both events, the net coolingrditiconcern the equatorial region
west of 0°W. Thus, the sentence in the abstract has not blesmged.

5. RC: Many times in the paper, a season (spring, etdg discussed. Please indicate
boreal or austral.

AC & MC : “spring” has been replaced by “boreal spring”.

6. RC: The paper discusses connections between the Sodéittantic and the Cape Lopez
region, specifically in relation to the St. HelenaAnticyclone. A paper by Bates (J.

Clim., 2008) discusses an anomalous low pressureaginating in the South Atlantic

that migrates northeast-ward, influencing the Soutlkern Trade Winds and thus affecting
SST in the Cape Lopez region (though she refers tbas coastal Angola). | don’t know if
the feature you discuss and the feature she discessare the same thing. Papers by

Bohua Huang and others at the Center for Ocean Landtmosphere Studies from the



2000s time range also discuss variability in the &th Atlantic. You may want to
reference these papers if they would add somethirtg your discussion. That is up to the
authors to decide.

AC: Thanks for this suggestion. Indeed, Bates et 2008) show that the patterns of
variability in the coastal Angola region is relatedfluctuations in the southeast trade winds
trough two mechanisms: i) Bjerknes mechanism andvariability in subtropical high in
South Atlantic. The phenomenon which is at workimyrMay 2005 event related to
anomalous strong St Helena Anticyclone, may comedpo the inverse feature that they
describe (anomalous low pressure originating inSbeth Atlantic that migrates northeast-
ward, affecting the SST in coastal Angola regiorthwa peaking SST anomalies by

approximately 4 months), but at smaller time scale.

7. RC: Because you discuss the NE coast of Brazil andetiWest African Monsoon, it

would be nice to have them documented in the seasdvariability section to show how
they fit into the normal seasonal cycle.

AC: Thanks for the suggestion. However, the NE cofBrazil is only mentioned in Section
5.1.2 when we describe the anomalous precipitgb@attern associated with the mid-May
event (early SICZ development linked to the anomsilearly development of the equatorial
cold tongue). We have thus noted that “This corivectone, located between the ITCZ
north of the equator and the South Atlantic Conerog Zone (SACZ) in southern tropics, is
the Southern Intertropical Convergence Zone (SICpdsky and Carton, 2003). This zone
forms usually later, by June-August, when the sewrttbranch of the convection separated
from the ITCZ which moves north of the equator.”

Thus, it appears to us not necessary to add atf@mation about seasonal variability in this
area. More detailed information about ‘normal’ ppeation conditions in this area can be
found in Grodsky and Carton (2003).

About the West African Monsoon, the important pdort2005 is the particularly early onset
date, as reported by several authors (such as @ameiaal. (2011)) associated with the
particularly early development of the equatoriddcimngue. The role of the mid-May event
in this phenomenon is explained in Section 5.2.tWek that it is not necessary to describe
more in details the seasonal variations of the Vé&stan Monsoon. If the reader needs to
have more information about the coastal onset pbafigse monsoon in the Gulf of Guinea,
he can refer to Leduc-Leballeur et al. (2013),iesddn the text (section 5.2).

MC: However, we added these sentences as introdudftitve section 5.2:



“The mid-May 2005 wind event was found to be inelin the early onset of the ACT development
(Marin et al. 2009, Caniaux et al., 2011). The uefice of the cold tongue on the WAM onset has
been suggested by several authors (Okumura and2Ri#}; Caniaux et al., 2011; Nguyen et al.,
2011; Thorncroft et al., 2011). At the seasonaktiseale, Caniaux et al. (2011) suggest that it ®me
from strong interactions between the SST coolirgywimd pattern in the eastern equatorial Atlantic:
the ACT serves to accelerate (decelerate) windlsémorthern (southern) hemisphere contributing to
the northward migration of humidify and convectiand pushes precipitation to the continent. Thus,
due to its impact on ACT development, the mid-M¥b2vind event is also linked to the onset of the
WAM in 2005 which has been the earliest over 198272eriod from Caniaux et al. (2011). In this
section we aim to better understand how this simghel event may have such impact. For further
information on the WAM, the reader can refer to wedeballeur et al. (2013) and Caniaux et al.
(2011).”

8. RC: When discussing the thermocline, do you mean shiozg instead of thinning and
deepening instead of thickening? You also mentiomdine 202 that it is at a minimum, |
believe you mean “minimum depth.”

AC: Thanks for pointing this. Indeed, when we sayritling” we mean “shoaling” and when
we say “thickening” we mean “deepening”. “minimumis indeed used for “minimum
depth”. However, following other comments, we maifthe sign of z20, therefore, in the
modified Fig. 1 the z20 values are positive.

MC: Thus, the related sentence has been modifiedlas/$o(section 3):

“The region is also characterized by a shallow thexcline which depicts a strong semi-annual cycle
(Fig. 1d). The evolution of z20 reveals a shoalwfgthe thermocline during May-July and a
deepening up to October-November when it exhibitsagimum depth, in agreement with previous

studies such as the one realized by Schouten &045) who find a similar seasonal cycle from SSH

altimetric data “

9. RC: Figure 1 has no scale for the wind speed.
AC: In fact, the colorbar at the right of the May-Javeraged map indicates the scale for the

wind stress magnitude.
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Figure 1. Monthly average of the (a) sea surface tempezaft€); (b) wind stress direction (vectors) and

magnitude (color field) (N.if); (c) horizontal surface current direction (vesjoand speed (color field) (rit)s

(d) 20° C-isotherm depth (m); and (e) surface Hieat (W.m%; positive values indicate downward flux) from
January to December from 1998 to 2008 and for lineatology (averaged over 1998-2008) simulated hey t
model (red curve) and from the observations : mgrakierage TMI 3-daily SST data (light blue curwe(a));

averaged over 5° E-14° E and 7° S-0° S. Right panaps of each variable over May-June.

MC: In addition, modifications have been made on Fig.

- weaker values of 20°C-isotherm depth indicatélslar thermocline to be consistent with

the modifications made on Fig.3, Fig.5, Fig.7, Bigand Fig. 13 (Fig. 12 in revised version).



- May-June averaged maps have been enlarged &y hmtate the CLR.

10.RC: I don't think your discussion of Figure 1d on lines 203-205 reflect what is seen

in the plot.

AC: Do you mean “Figure 1e” rather than Figure ldeedise the Figure 1d is discussed on
lines 200-202 and not on lines 203-205. For tkewdision of Figure 1e, the text has been

modified as indicated in our response to the qoesi

11 RC: When you discuss the surface heat flux, pleasesignate whether it is positive
downward (into the ocean) or upward (out of the ocan).
AC & MC : The sentence “positive values indicate downwhan'thas been added in the

legend of Fig.1.

12.RC: The individual events mentioned on line 232 areifficult to see. Maybe only

plot April-July or change the y-axis.

AC: Thanks for the suggestion.

MC: The figures 3 and 4 have been modified in thisedplot over March-August only). In
addition, the intraseasonal variations (removinthef30 days low-pass filtered field to the
total field) of SST/wind stress magnitude/verticairent shear/Ekman pumping are shown
on Figure 4 in order to better highlight the ingrasonal events. Modifications have also been
made on the plot of 20°C-isotherm depth: weakewesindicate shallower thermocline to be
consistent with the modifications made on Fig.3, % Fig.7, Fig. 9, and Fig. 13.

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; frdmarch
to 31 August 2005 (left panels) and 2006 (rightgish
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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 anE125 & 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 rieximum of the current vertical shear magnitudesfin
averaged between 5° E and 12°E; (d & i) Longitudeetdiagram of the intraseasonal variations of Bkma
Pumping (m.8) averaged over the CLR. Ekman pumping values =tate upwelling; (e & j) Latitude-time
diagram of the net heat flux (W-fhaveraged between 5° E and 12° E; frahiMarch to 31 August 2005 (left
panels) and 2006 (right panels). For details abalaulations of intraseasonal variations, see Qect.

13. RC: Lines 275-276: Is the reader supposed to be compag Fig. 3b with 3d to see
the correlation between wind stress and Ekman pumpig? If so, it is not clear that this
relationship is seen. Also, | don't know how we carsee 8degE in this figure. If this
correlation is not shown, please say so and let ksow what the correlation coefficient
is.

AC & MC : The Figures 3 and 4 have been modified. We rechakie low-pass filtering
(cutoff frequency of 30 days) to the total fielcheTfiltered Ekman pumping velocities have
been averaged over the area. Thus, the correlatitnwind stress is more clearly visible
(see the new Figure 3 and 4 in response to thegueguestion). The text has been modified
(section 4.2.1) :

“The Ekman pumping velocity.@veragedver the CLR for 2005 and 2006 is shown on Fig&44

respectively. The dates of intraseasonal upwardoigés are quite well correlated with the dates of

intraseasonal wind events (with correlation coefint equal to 0.55 for 2005 and 0.41 for 2006),



maximum being during the early-April, mid-May antlevlay 2005 events and during late April,
mid-June and end-June 2006. However, for comparelobel intensification, the boreal spring and
summer wind events were not associated with corbpamatensity of Ekman pumping velocity.”

14.RC: It might be more telling to try to show the SST/eat content changes in the
eastern Atlantic due to each of the processes (upliveg, or even split that into wind

stress and vertical mixing, and surface heat fluxgsl’'m not sure the best way to suggest
this, but perhaps regressions would be suitable. Thway, it might be more clear that

the May 2005 event was an outlier in terms of showave cloud radiation.

AC: Thanks for the suggestion. Showing the heat corieanges in the eastern Atlantic due
to each of the processes would be indeed integediowever, we consider that showing the
Ekman pumping, vertical current shear, and surfeea flux bring the relevant information
needed to explain the main processes at play.

MC: However, in order to better highlight the partamity of each wind event, we have
modified the figure, zoomed from™IMarch to 31 August 2005 and 2006 and shown the
intraseasonal variations for SST, wind, Ekman pungpand vertical current shear. The net
surface heat flux have been not filtered in ordemhighlight the events characterized by

negative heat flux, such as the end-May 2005 emeditthe beginning of April 2006 event.

15.RC: Lines 330-332: | do not see the difference betwe2005 and 2006 from Fig. 8.

It appears that both Kelvin waves reach the east aund the same time and originate

in the west around the same time. Figure 6 is alsmclear. For 2006, | see many

episodes of negative SSH (Feb., Mar., May, Junej why are you only picking the one

that occurred in Mar-Apr? | do see a negative valuen the east starting a tad earlier

in 2006, but not by much. | also see a larger anortyain 2006 in the east in July-Aug.

Why is this not discussed...why only the Mar-Apr evet? Is it because you are only
focused on the boreal spring event?

AC: Do you mean « Fig. 5 » instead of “Fig. 8" ?

On Fig.5 and 6, discussed on lines 330-332, theiKelaves in 2005 and 2006 are delayed
by about 15 days. Even weak, such a 15 days differeontributes to make the thermocline
shallower when the mid-May wind burst occurs in 20Bowever, it is true that the
difference is not so easy to observe from Figu€e®b

MC: Therefore, for more clarity, the sentence on [889-332 (section 4.2.2.a) has been

modified as follows:



“In 2005, negative SSH and z20 anomalies occurrethe West in early March-early April and in
mid-May, whereas they occurred around late-Februarynid-March and early May and June in
2006. The first Kelvin wave thus reached the Clighsy earlier in 2006 than 2005, at the beginning

of May. In addition, the two upwelling Kelvin wafelowed each other more closely in 2005 than in
2006."

Moreover, the figures have been modified and weehaletted the anomalies only for the
period March-August for better clarity. We focus megative SSH occurred in Mar-Apr in
the west because that is this event which inducskadlower thermocline in the east few

weeks later, in April-May. Indeed, we focused oa boreal spring events in the east.

(b) 2006
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Figure 5: Time evolution of the intraseasonal anomaly df @dsotherm 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.
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Figure 6: Time evolution of the sea level anomaly (m) aldmg ¢quator (between 54° W and 12° E) and along
9° E (between the equator and 3° S) for 2005 (laftf 2006 (right) from AVISO data.

16.RC: The text on Fig. 7 is nearly impossible to read.

AC & MC: Sorry for that. Modifications have been made anftpure 7 for more clarity.
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Figure 7: Time evolution, from 2-days averaged model owpater Jan-June2005 (left) and Jan-June 2006
(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 ITCZ); & h) the intraseasonal anomaly of the meridiomad
stress (N.i) averaged between 50° W and 35° W and betweenatfdSL° N; (c & i) same as (b & h) but for
intraseasonal anomaly of zonal wind stress (N;rfd & j) the intraseasonal anomaly of the wingess 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 extwt of the

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

17.RC: Lines 409-416: This discussion is about southerlyind bursts in the eastern
basin, | assume along the coast, but in Fig. 8, bchot see many arrows in that region, so
it is difficult to make this connection from the figure.

This paragraph also suggests a linkage between S8ariability in the Cape Lopez

region and the equatorial region. You might explairthis a bit further by discussing the
climatological behavior of this connection (like wien it occurs and how it develops). |
assume that this is not a feature specific to 200bbelieve that the Bates and Okumura
et al. papers might refer to this connection too.

AC & MC : The figure 8 has been modified for better visipil

Figure 8: (a) intraseasonal anomaly of sea surface temperét C; color) superimposed with intraseasonal
anomaly of wind stress intensity (arrows) averagestr 1-12 May 2005 (up panel) and over 14-30Mayyao

panel); (b) same but for 2006. For details aboaitciculations of the anomalies, see Sect.2.

Indeed, the connection between the Cape-Lopezrregyiound 3°S and the southern edge of
the equatorial cold tongue is not specific to 2@08 2006. The westward extension of the
cold SST takes place every year over 1998-200®g@egour period of study) but starts at
different time. It occurs generally from June-Julshen the cooling events usually occur in
the east at this location, and is thus closelydahlwith the shoaling of the thermocline due to
the arrival of the Kelvin upwelling wave at the sban 2005, the strongest cooling events
induced by strong southerly winds occur earlieiiay, combined with anomalous shallower
thermocline due to early arrival of Kelvin upwetlirwave. The cooling in the CLR also

reaches more coastal area due to anomalous striokgewents in the east part of the basin



while it does not reach the coast at this locaf&%%) in boreal spring for the most years over
1998-2008 period. In addition, the westward surfaseents are usually maximum in boreal
spring (as visible on the seasonal cycle shownigriFand extend over the most coastal area
in the east during southerly wind events. Theytbais even more contribute to the westward
extension of cold coastal waters in May 2005.

In 2006, the westward extension of cold watershdistzed from the beginning of July. Yet,
coastal cooling occurred at the end of May but mstward extension of the cold waters is
observed at this period. In 2005, the two upwelli®vin wave followed each other closely
while in 2006, the first Kelvin upwelling wave rdas the coast in May and the second in
July. In addition, the wind event responsible & dooling at the end of May 2006 is rather
isolated and less strong than the one in mid-M&352@vhich is preceded and followed by
another wind bursts few days before and after)ortter to clarify these points in the paper,

we added a figure for the year 2006 and modifiedctimments in the text as follows:

“To better understand the oceanic processes imphetthis cooling extension, we compared the z20,
SLA and zonal velocities along 3° S from Marchept&mber 2005 (Fig. 9 b-d) and 2006 (Fig.9 e-h).
In 2005, the cooling westward extension was assediaith a westward propagation of a shallower
thermocline and negative SLA from the African co@sto 5°-10° W combined with enhanced surface
westward current fluctuations at the dates of thecessive events from April-June. The fluctuations
of the westward surface current occurring off Galwath periods of ~8-10 days were related to the
strengthening of southerly winds during the windskaiat the same periods (Fig. 4b & f). The surface
current in this area is part of the westward SEQakhs known to intensify during the cold season
(Okumura and Xie, 2006). Our study implies shoftiene scales than seasonal scale but the
intensification of the SEC during wind bursts thgbhuEkman transport processes might contribute to
the westward extension of the cooling by advectibrcold eastern upwelled water. This is in
agreement with DeCoétlogon et al. (2010) who fofroth model results that at short time scale (a
few days), more than half of the cold SST anom@alyrad the equatorial cooling could be explained
by horizontal oceanic advection controlled by thedawith a lag of a few days. In addition, minimum
z20 and SLA values propagating westward at 3° §.(Bb & c), initiated from the coast with a
propagating speed of around 10 ct.svhich is very close to the phase speed of Rossves.
Indeed, the generation of the westward waves atdlast coincided with the arrival of Kelvin waves
(see Fig. 5a) suggesting the possibility of Kelwave's reflection processes into symmetrical
westward propagating Rossby waves. A westward gt of z20 and SLA minimums, although
less obvious, was presently also identified at A&t shown).



In 2005, the locally wind-forced component of thavev might reinforce the remote part of the
reflected wave signal at the coast by the sea lsl@gbe which balanced the strengthening of
alongshore winds blowing during the mid-May andiay events. The quantitative and respective
contributions of local and remote wind forcing testwave is out of the scope of this study and avoul
require further analysis. This phenomenon is sufgebin 2005 by anomalous eastward expanded
southerly wind bursts observed in May 2005. ThetmohMay is besides a period when westward
surface currents are usually maximum (as visiblehenmean seasonal cycle shown on Fig.1c). Thus,
the combined effects of westward surface currewid &dvection and vertical mixing through
horizontal current vertical shear), local wind infinces (via vertical mixing) and wave westward

propagation, resulted in the extension of cold upedevater from the eastern coast to near 20° W.

In 2006, the westward extension of cold watershdistzed later, from the beginning of July. A coésta
cooling occurred on 18-26 May but no westward esitam of the cold waters is observed at this
period (Fig. 9e). In 2005, the two upwelling Kelviraves followed each other closely while in 2006,
the first Kelvin upwelling wave reached the coasMay and the second in July (Fig.5b & Fig. 6b
and Fig. 9f). In addition, the intraseasonal wirtdesgthening responsible of the coastal cooling on
18-26 May 2006 is less intense (wind stress medhdrCLR ~0.04N.m2) than the one in mid-May
2005 (~0.06N.m2; which is preceded and followeéciyther wind bursts few days before and after;
Fig. 3b & Fig. 4b).

The analysis over 1998-2008 period shows that thetward extension of the cold SST takes place
every year but begins at different times of the yeat shown). It occurs generally from June-July,
when the cooling events usually occur in the eashia location, and is thus closely linked witke th

shoaling of the thermocline due to the arrival df@vin upwelling wave at the eastern coast”
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Figure 9: Time-longitude diagrams at 3° S between 10° W E0fdE, and from 2-days averaged model outputs &dm
March to 31 August 2005 and 2006, of (a & e) trees@face temperature (° C); (b & f) the 20° Cheotn-depth (m); (c &
g) the sea level anomalies from AVISO data (m); @hé& h) the zonal component of surface velocityStH

18.RC: Figure 10 is impossible to read, and the featuredifficult to pick out, especially
for the top row and bottom two rows. It would be hdpful to mask out the land in all
panels and make each panel larger. The text desceb a precipitation pattern consistent
with a wave train, but | cannot see it because thglot is too small and the arrows seem
to be covering the precip pattern.

AC & MC : The figure 10 has been modified. The precipitatod wind patterns have been

separated and the plots enlarged.

Figure 10 Daily-averaged, from 13 May to 17 May 2005 (feftright panels), of (a) wind magnitude (color
field) (m.s") superimposed with wind vectors from CFSR fiel®;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-wadgation (W.n#) from CFSR fields.



19. RC: Figure 11: It doesn’t seem that you have referredo this figure in the text,

though | believe the discussion is on page 21. | dot see what the authors describe in

the figure. Perhaps you could be more specific as the pattern the reader should notice

in the plots.

AC & MC : We decided to remove the figure 11. The textthas been modified as follows:
“The precipitation fields during the mid-May evdfrig. 10a) also evidence rainfall pattern typicdl o
atmospheric gravity wave train characterized byagitontal wave length ~500 km and initiated by a
front system (forming the northern boundary ofw faressure system) which developed around 17° S
on 14 May and traveled northeastward until 17 Maye rainfall train was associated with
oscillatory wind stress curl train alternating beten positive and negative anomalies (Fig. 10c) as
well as alternating downward shortwave radiationnimium (Fig. 10d) associated with the wave
clouds. Gravity waves are known to play an impdrtafe in transporting the momentum and energy
through long distances (Fritts, 1984). Here, theyuld be a way to carry momentum and energy from
South Atlantic to the equator during the strongnéve

20.RC: Figure 13: It is very difficult to decipher anything from these plots because

they are so small and the contour lines are so clsogether. It is impossible to tell if an
event is stronger or not than others. The text saythat the 2005 event “appears to be”

one of the strongest over the period, but | canndell that from this plot. The authors

could confirm this by giving the reader a value ofnvind stress from this period and state
that it is confirmed that this is the strongest.

AC & MC : The figure 13 has been modified for more clanigrtical black lines have been
added to separate the years and the value of wieslssanomaly during the 2005 event has
been added in the text (up to 0.13N.m? around HEsf6 0.05N.m? in equatorial region). In
addition, we decided to show the fields after remgwhe 30 days-low pass filtered field

averaged over 1998-2008 period, except for thegaael which shows the SST total field.



Figure 13 (“Figure 12” in the revised manuscript”): Time-latitude diagrams for April-May along the 1998
2008 period, of 2-days average, from top to bottpi®ST (°C); ii) intraseasonal anomaly of SST (°C)ij)
intraseasonal anomaly of wind stress magnitude @)} flom CFSR fields; iv) intraseasonal anomaly obrsh
wave radiation surface flux (W: i from CFSR fields; v) intraseasonal anomaly of@sotherm depth (m)
computed from the forced model SST; vi) intraseab@momaly of meridional SST gradient (every 0.5° o
latitude), from the forced model; averaged over\W6° W. The vertical black thin line indicates tthate of 14

May, 2005. For details about the calculations efahomalies, see Sect. 2

Modifications have also been made on the plot 6€28otherm depths : weaker values of
20°C-isotherm depths indicate shallower thermodiinke consistent with the modifications
made on the Fig.1, Fig.3, Fig.5, Fig. 9, and Fig. 7

21. RC: Lines 575-577: Is the statement about winds nortlof the equator relevant to
this study? If so, how is this piece of informationmportant?

AC: The wind-strengthening events north of the Equdtoing boreal spring in the Gulf of
Guinea is implied in the rainfall coastal onset amdinked to the intraseasonal southerly
wind burst. Indeed, from Leduc Leballeur et al.12)) the enhancement and maintenance of
southerly winds north of the equator in the Gulf ®liinea is linked to a coincident
installation of a deep circulation and a northwashift of the low atmospheric local

circulation. This wind strengthening on the northeide of the Equator contributes to the



northward migration of humidity and convection, gnuahes precipitation to the continent. It
is an indication of the “rainfall coastal onset’tbé monsoon.

In section 4.2, we show that as of date of the &y 2005 event, the wind north of the
equator becomes and remains strong indicatingttieamid-May 2005 event is the trigger
event of the rainfall coastal onset. The strengtigenf winds north of the equator is due to
the meridional SST gradient created at the equhtong the event. The figure 13 (Figure 12
in revised manuscript) shows that the meridionall §8adient during May 2005 is indeed
anomalous strong compared to April-May usual caos. That what we noted by the
sentence in Sect. 5.3This meridional SST gradient was responsible fbe twind surface

intensification north of the equator (Fig. 11a aRid). 12, fourth panel) through air-sea interaction

mechanisms as described by Leduc-Leballeur ep@ll1).”

22.RC: Lines 585-593: Is this relevant to the monsoon situssion? Does the deep con-
vection in the Gulf of Guinea lead to rain and a sdace cooling? Is that the impact we
should take from this paragraph?

AC: The wind strengthening results in equatorial atefcooling, which in turns intensifies
the southerlies north of the Equator through a@risgeraction. This increases convection in
the northern Gulf of Guinea, accompanied with athward shift of the precipitation.
Generally, in May the low atmospheric local cirdida (LALC) appears briefly due to
southeastern wind burst and collapses within adays. The establishment of the LALC at a
self-sustaining level appears usually at the endiay-beginning of June, triggered by a
significantly stronger southeasterly wind burst. ¥¥f®w that in 2005, the mid-May event is
this significantly stronger southeastern wind huistis especially particular because it
appears 15 days before the averaged referencecdatputed by Leduc-Leballeur et al.
(2011) over the 2000-2009 period.
MC: The paragraph on lines 585-593 and the figurehdve been deleted, and the high
pressure in St Helena anticyclone region and thepdwessures in Gulf of Guinea are now
shown on figure 10, section 5.1.1. Moreover, weehaeleted the comments about the
pressure gradient in section 5.3 and added the beéw in section 5.1.1The strong winds
during the event were associated with high pressore of the Saint Helena Anticyclone, especially
on 13-14 May, also associated with particularly lpressure under the ITCZ 4 days later (Fig. 10c).
The pressure fall during the mid-May 2005 eventeaped as the lowest in May over the whole
decade (not shown). The meridional surface presgtadient during the event is thus found to be the
strongest over 1998-2008 period. That suggestsgtidadley circulation intensity during the mid-



May event and therefore strong equatorward moistlure allowing the deep atmospheric convection

in the Gulf of Guinea to be triggered at a selftairgng level, as previously described in Sect.”5.2

.23.RC: Lines 599-602: This paragraph was particularly cafusing as to where the wind
stress and wind bursts mentioned were located.

AC: The wind burst mentioned lines 599-602 is the evidenced on figure 13 (Figure 12 in
revised version) during the year 2000, over 10°W/@&gion.

MC: The sentence on line 599-600 has been modifi¢ollasvs (Section 5.3):“Another
southerly wind burst of comparable intensity ocedrat the beginning of M&000 (Fig. 12, fourth
panel) while the thermocline was shallow, causiBF $ooling at the equator (Fig. 12, first and
second panels).”

24 RC: Lines 716-171: Why exactly does this region needore attention? Because of

the effect on the African Monsoon? Please elaborateere to make your conclusion

points better known.

AC: The South Atlantic region, and in particular thetgelena Anticyclone variability, need
more attention because of the impact of its fluixtwes on the SST variability in the tropical
Atlantic and in particular on the equatorial caddgue development, as showed in the paper.
The energy from South Atlantic is indeed carrieddrd lower latitudes by different ways :
i) direct effect of the southerly winds in the eatenergy transport via atmospheric gravity
waves, iii) excitation of Kelvin wave in the West southeasterly winds.

In our paper, we show that intraseasonal wind bunstlated to St Helena Anticyclone
fluctuations have an impact on SST variability fve tCLR generating cold events in boreal
spring/summer. Other studies, as the one realigeMdxin et al. (2009) showed that they
also impact the SST variability in the cold tongegion. In addition, the influence of the
cold tongue on West African monsoon onset has kmmggested by many authors (e.g.
Okumura and Xie, 2004; Caniaux et al., 2011; Nguskal., 2011; Thorncroft et al., 2011).
In 2005, we show that a particularly strong winadbus responsible for a particularly early
coastal monsoon onset. Thus, a better understanafinthe variability of St. Helena
Anticylone at intraseasonal time scales would altovioring further information about these

processes.

In addition to modifications listed above, many Esfggrammar corrections have been

made in the text.



Authors’ response to Referee 3

Journal: Ocean Sciences

Title of paper: Impact of intraseasonal wind bursts on SSTadmlity in the far eastern
Tropical Atlantic Ocean during boreal spring 2006l 2006. Focus on the mid-may 2005
event.

Authors: Herbert Gaélle, Bourlés Bernard.

We thank Reviewer 3 for his comments and suggestiwt allowed improvements of our
paper. We have made all needed modifications teerttek figures easily understandable and
conforming with general publications criteria (figes size, labels, etc). We have also made
effort to make the main narrative of the manuscegsier to followA more in-depth analysis
would have been obviously interesting but we finsted to understand the different processes acting
in the region. In addition, a more in-depth anadysif one or two particular processes would have
prevented the description of the succession oftbeesses as a whole.

RC: Referee’s comment;C: Authors’ comment)C: Manuscript changes

Response to specific comments:

RC: Why focus on this particular region? Is SST in itimportant for rainfall in a given
region?

AC: The initial reason that motivates the study ef 85T variability in the Cape-Lopez
region is the observation in satellite SST dateotdl coastal waters independent from those
observed off shore in the cold tongue region ardlOfdV (see the map of satellite SST data
for the 8 June 2005 shown on the Figure X1) whaikes the question of the link of such

cooling with the cold tongue development.



Figure X1: SST (°C) from TMI satellite data on 8 June 2005.

The equatorial region and the processes impligtiencold tongue development are largely
studied contrary to the Cape-Lopez region. Otheerse studies focus on SST variability in
more southern region such as Angola-Benguela flantyery few in the Cape-Lopez region.
However, we thought that better describe the SSTabitity in the Cape-Lopez region is
needed and interesting especially because of threeraus processes in play notably due to
the presence of the coast and the proximity ofetipgator. In addition, some studies (such as
DeCoétlogon et al., 2010) suggest tagshort time scale (a few days), more than hathef
cold SST anomaly around the equatorial cooling ¢daé explained by horizontal oceanic
advection controlled by the winds. Therefore, advainderstanding of the SST variability in
CLR may also help to better understand the SSRb#ity in equatorial region.

MC: Some lines have been added in the Introduction:

“The question of the processes implied in the S&Tahility in the Cape-Lopez region was raised
based on an observation in satellite SST data laf coastal waters during spring independent from
those observed off shore in the cold tongue regronnd 10°W which also raised the question of the
link of such cooling with the cold tongue developtrig]...] “In addition, some studies (such as
DeCoétlogon et al., 2010) suggest thashort time scale (a few days), more than hathefcold SST
anomaly around the equatorial cooling could be aiptd by horizontal oceanic advection of
upwelled cold coastal waters controlled by the win@iherefore, a better understanding of the SST
variability in the CLR may also help to better ursland the SST variability in the equatorial

region.”

RC: How are conditions in the CLR related to the coldongue farther west? What is the

correlation between SST in the eastern box and iro&d tongue box, for example?



AC: Given that the CLR and cold tongue region arenstibd to the similar atmospheric
forcing, the SST variability in both regions is guclose (cooling event at the same date).
However, the processes responsible of the coolifigrdrom CLR region to cold tongue
region due in particular to the presence of thestdarom many authors (Yu et al., 2006;
Peter et al., 2006; Wade et al., 2011; Jouannd.,e2@l1, the cooling in the cold tongue
region would be regulated by a coupling betweernrntioeline shoaling and subsurface
dynamics such as turbulent mixing, vertical adwectnd entrainment, as well as horizontal
advection.

In the CLR, we showed that upwelling processesrarelved in particular around 3-4°S, as
well as vertical current shear implying the SEC,jchhis enhanced during southerly wind
bursts. Our analysis for the year 2005 and 2006alssshown that during particular events
(at the end of May and beginning of April 2006)Jecrease of short wave radiation in CLR
due to increased cloud cover contributes to théiropo This phenomenon doest not concern
the equatorial region east of 0°W. In addition, #ogiven wind burst, the intensity of SST
response in CLR and cold tongue region will modulay subsurface conditions which are
under the influence of equatorial Kelvin wave. Eaample in May 2005, the Kelvin wave
reached the eastern coast while three wind burstsireed, thus the thermocline was
shallower in the east than west of 0°W. We algghlighted westward extension of cold
eastern upwelled water around 3°S through combaifetts of westward surface currents,
local wind influences and wave westward propagatibich may contribute to the cooling in
the southern edge of the cold tongue region.

MC: Some lines about this have been added at thefehd eection 4:

“In conclusion to this section 4, the SST varidhilin the CLR at intraseasonal time scales is the
result of combination between basin preconditiontiygremotely forced shoaling of the thermocline
via Kelvin wave, local mixing induced by currenttical shear, and upwelling processes in response
to strong southerly winds. As highlighted for tH&28 May 2005 and 2 April 2006 events, the net
heat flux may also contribute to cool the surfacatens, through enhanced cloud cover which
decrease the incoming solar radiation. The cold elppd waters around 3°S extend then westward
from the eastern coast to near 20°W by combinedtedf the westward propagating Rossby waves as
well as vertical mixing and advection processe® @tol water may thus contribute to the cooling in
the southern edge of the cold tongue region. Althaihe processes implied differ slightly due to the
presence of the coast, the SST variability in th® & quite close to the one in the equatorial cold
tongue region (not shown), due to similar atmosjhfarcing. However, for a given wind burst, the
intensity of SST response in the CLR and in thd tmhgue region is modulated by subsurface
conditions which are under the influence of equalafelvin wave. In May 2005, the Kelvin wave



reached the eastern coast while three wind burstaiwed. The thermocline was thus shallower in
the east than west of 0°W, providing favorable stfase conditions making the coupling between
making the SST more reactive to wind intensificatiacurred during this month. In addition, the
decrease short wave radiations due to enhanceddabmwer during the 26-28 May 2005 event or 2
April 2006 event, which contribute to the coolimgthe CLR, did not concern the equatorial region
east of 0°W.”

RC: It is difficult to see the differences between Fs. 3 and 4. | suggest replacing with a
figure showing differences, or adding a new figure.

AC & MC : The figures 3 and 4 have been modified. TherdleSST (where the 30days-low
pass filtered field has been removed to the tad)fhas been added in order to better
highlight the cold episodes. In addition, a zooreraviarch-August period has been made for

better clarity.

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; frdmarch
to 31 August 2005 (left panels) and 2006 (rightgign



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 anE125 & g) Time evolution of the intraseasonal a#ions of
wind stress amplitude (N:fA) averaged between 5° E and 12° E and betweenafti®° S; (c & h) Latitude-
time diagram of the intraseasonal variations of neximum of the current vertical shear magnitudesfin
averaged between 5° E and 12°E; (d & i) Longitudestdiagram of the intraseasonal variations of Bkma
Pumping (m.8) averaged over the CLR. Ekman pumping values ®itate upwelling; (e & j) Latitude-time
diagram of the net heat flux (W-fhaveraged between 5° E and 12° E; frahiMarch to 31 August 2005 (left
panels) and 2006 (right panels). For details abaldulations of intraseasonal variations, see Zect.

Modifications have also been made on the plot 6€28otherm depths : weaker values of
20°C-isotherm depths indicate shallower thermodiinke consistent with the modifications
made on the Fig.1, Fig.5, Fig.7, Fig. 9 and Fig(Ri8. 12 in revised version) in response to

the other reviewers’ comments.

RC: How are the results different (or confirm) previows studies of cold tongue

variability? It's not clear.

AC: Our study does not focus on the cold tongue vaitialbut, first, on SST variability
more eastern, in the Cape-Lopez region. Marin.e28l09) show that the cooling in 10°W-
4°W region is the result of successive cooling éveelated to intraseasonal wind bursts. The
two regions are under the influence of similar apt@ric forcing but the processes implied

are rather different. We show that the SST in th&® @lso reacts to the intraseasonal wind



bursts. However, the processes responsible ofdbkng differ from the CLR region to the
cold tongue region due in particular to the preseotthe coast (see our response to the
previous question “How are conditions in the CLRated to the cold tongue farther west?
What is the correlation between SST in the eastwx and in cold tongue box, for
example?).

The cold tongue region is mentioned in the secart @f our paper when we focus on the
mid-May 2005 wind burst and its impact on coast@insoon onset. Indeed, we aim to
describe the wind burst impacting the Cape-Lopegiore at more global scale, so we
analyzed its impact in the Cape-Lopez region asd al the cold tongue region through its

role in West African Monsoon onset.

RC: Negative values in Figs. 3c, 4c to me mean shaller than normal thermocline, but

it seems you are using the opposite sign so thatgitive values mean shallower. This is

a little confusing. | recommend switching signs omaking it clear in the Fig. 3 caption
that negative means deeper. Also indicate in the pion that Ekman pumping values

>0 indicate upwelling (I assume this is the case?).

AC & MC : Thanks for this suggestion. We have modifiedfitpgres 3c and 4c in this sense
and we have added that Ekman pumping values >0atelupwelling in the captions of the

figures.

RC: Lines 279-292: Do zonal or meridional current vaiations dominate for the vertical
shear, and are they driven by the anomalous meridi@al winds?

AC & MC: The vertical shear is dominated by zonal curresniations, related to the
fluctuations of dominant southerly winds. We havedified the figure 3 and 4 where we
plotted the vertical shear magnitude (see the respto the previous comment: “It is difficult
to see the differences between Figs. 3 and 4. ¢§jesigreplacing with a figure showing
differencespr adding a new figure.”). On the new figures, we atsmoved the 30-days low-

pas filtered field to the total field.

RC: Lines 317-318: What do you mean by "steeper therotline slope?" Do you mean
stronger dT/dz within the thermocline, or shallowerthermocline, or stronger horizontal
gradients of thermocline depth...

AC: By ‘steeper thermocline slope’ we mean ‘shallotrmocline”.

MC: We have clarified this in the text.



RC: Data/methods section: How are anomalies calculad@ It is not stated anywhere, yet
shown frequently in the figures. Was the mean seasal cycle (monthly mean clima-
tology) removed before making Fig. 5, Fig. 6?

AC: For the Figure 5, we applied a 30-days low-pdsr fio the total field, averaged the
result over 1998-2008 period and removed it tadie field of each year.

MC: Indications about how the calculations have beaderfor each figure have been added
in the text, in Section 2‘Note that throughout the whole text and figuagtions, the term
“intraseasonal variations” is used to designate fiedd obtained after the removing of the 30 days
low-pass filtered field to the total field of thevgn year, while “intraseasonal anomaly” refersttee
field obtained after the removing of the 30 days-pmass filtered field averaged over 1998-2008 to

the total field of the given year.”

RC: | don’t see a good correspondence between Figsad 6. Maybe plotting anomalies
from the seasonal cycle would help (if not done aady). Otherwise, another method

to validate the model’s Z20 anomalies is needed.

AC: The figures 5 and 6 have been modified. Negatalees of 20°C-isotherm depth now
show shallower thermocline, to better highlight doerespondence between Fig. 5 and Fig.
6. The values plotted on Fig.5 are obtained by rengothe 30-days low pass filtered field,
averaged over 1998-2008 period to the total field.

Figure 5: Time evolution of the intraseasonal anomaly ef 20° C-isotherm depth (m) along the equator
(between 54° W and 12° E) and along 9° E (betwkereguator and 3° S) for 2005 (left) and 2006 (yigh
Negative values indicate a 20°C isotherm closéhécsurface.



Figure 6: Time evolution of the sea level anomaly (m) aldmg ¢quator (between 54° W and 12° E) and along
9° E (between the equator and 3° S) for 2005 (leftyd 2006 (right) from AVISO data. For details abo
calculations of the anomalies, see Sect. 2.

RC: Line 386: Do you mean Fig. 7c instead of Fig. 6¢?

It's difficult to follow the discussion and reasonng on line 380-390. A figure show-

ing spatial patterns of wind anomalies might helpa visualize the changes in Ekman
pumping and ITCZ shifts.

AC: Yes, sorry for that, we indeed mean Fig. 7c mdtef Fig. 6¢. We are not sure that it is
necessary to add additional figure. We think thiahtwve want to show is clearly visible on

the plot of Fig. 7.

RC: What is the main result of the analysis discusseoh p. 14-15? Why is it important

that the southward movement of the ITCZ was more atupt in 2005 and the winds
following the event were different compared to 2005 Please state at the end of the
section or mention that it will be discussed in lar sections. If it didn’t clearly affect

later conditions, it should not be shown.

AC: In the previous section (4.2), we show that titeaseasonal cold SST variability in the
CLR is the result of combination of local and reenfiircing. The remote forcing is made
trough Kelvin wave eastward propagation associatiél minimum z20 and SSH. For the
years 2005, the May wind events was responsiblstrtang SST response, supported by
favorable subsurface conditions. Since the subseirfeonditions in the east is largely

influenced by the arrival of Kelvin wave excited time west, it seems to us interesting to



better understand what are the atmospheric conditassociated with the Kelvin wave
excitation in the west and how they are differen2005 and 2006. It is the aim of the
section 4.2.2b. The main result of the analysthas the anomalous strengthening of easterly
winds occurs some days after the ITCZ to be asatghernmost location. In 2005, the ITC
reaches its southernmost location through a suddathward shift and returns to its initial
position just after, whereas in 2006, the southestnposition of the ITCZ is reaches less
sharply and in the continuity of the evolution dfetITCZ's position, as it is moving
southward. In order to better highlight the pheepaon discussed, we have plotted the
intraseasonal variations anomalies (the 30 daysplass filtered field averaged over 1998-
2008 period have been removed to the total fieldyind stress magnitude, z20, and SLA on
figure 7. It also shows another way in which intraseasonabivévent impact the SST in the
eastern Atlantic (even few weeks later), via theegation of Kelvin wave in the West.

MC: Few lines have been added at the end of the seti#o2b:

“These results highlight another way in which winttraseasonal events may impact the SST
variability in the East part of the basin, througfie generation of Kelvin wave in the West which

shoals the thermocline in the East few weeks later”

RC: Lines 414-415: How does Fig. 8 show an enhancemeh SST cooling after May

107? It only shows SST averaged for May and for Mag-10.

AC: The enhancement of SST cooling after May 10 wasicled for the difference between
the average over May and the average over May 1-10.

MC: For better clarity, we have modified the fig@&and shown the mean for 1-12 May
2005 and for 14-31 May 2005. For comparison, tieesaalculation has been made for 2006.



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 14-30Mayvdo

panel); (b) same but for 2006. For details aboaitciculations of the anomalies, see Sect.2.

The comments of the figure 8 have therefore beedifiad as follows:

“To evidence the effect of these events on SST§ ofamtraseasonal SST anomaly and intraseasonal
wind stress anomaly averaged from 1 to 12 May (eetfte strong 2005 events; Fig. 8a) and from 14
to 31 May (during and after the strong 2005 eveffig. 8b) are presented on Fig. 8. The same
calculations have been for 2006 for comparison. fgeailts illustrate an enhancement after 10 May

of the cooling in the east associated with southevind intensification and an extension of the

cooling especially south of the equator up to 20°W.

RC: Figure 10: Why not show anomalies for all fieldsnstead of only for winds?

It seems like sections 5.1.2 and 5.1.3 are not eds# and could be eliminated.

AC & MC : We modified the Figure 10 and decided to showtake field for all fields and
to separate the wind pattern and the precipitgiadtern for more visibility. The aim is to

describe the atmospheric conditions associatduetotid-May event 2005.



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 fiel®;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.

However, we do not agree with the reviewer andhiioktthat sections 5.1.2 and 5.1.3 are
useful. Presently, the purpose of the second fidheopaper is to better understand how the
mid-May 2005 event is singular in addition to thr@@alous strong southerly winds. These
two sections show the particular conditions whickcampanies the mid-May event. The
section 5.1.2 shows that, through its time of omnre and its impact on SST, the mid-May
2005 wind event has also an impact on precipitapattern off northeast Brazil. In the

section 5.1.3, we notice that the event is asstiatith atmospheric gravity wave which

quickly propagates from south Atlantic to equatioregion, that highlights a way to carry

momentum and energy of from South Atlantic regiornropical/equatorial region and raises
the question of the representation of the impasuch phenomenon on the SST variability in

equatorial and eastern tropical region. So, weeprtef keep these sections.

Additional authors ‘comments :

In addition to modifications listed above, modifioas have been madenmake the figures
clearer and more easily understandable.



Figure 1. Monthly average of the (a) sea surface tempezaftf); (b) wind stress direction (vectors) and
magnitude (color field) (N.if); (c) horizontal surface current direction (vesjoand speed (color field) (rif)s

(d) 20° C-isotherm depth (m); and (e) surface Hieat (W.m%; positive values indicate downward flux) from
January to December from 1998 to 2008 and for lineatology (averaged over 1998-2008) simulated ey t
model (red curve) and from the observations : mgrdlierage TMI 3-daily SST data (light blue curve(d));
averaged over 5° E-14° E and 7° S-0° S. Right panaps of each variable over May-June.



Figure 7: Time evolution, from 2-days averaged model outmusr Jan-June2005 (left) and Jan-June 2006
(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 ITC); & h) the intraseasonal anomaly of the meridiomiad
stress (N.i) averaged between 50° W and 35° W and betweenatfdSL° N; (c & i) same as (b & h) but for
intraseasonal anomaly of zonal wind stress (#;rfd & 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 anbynod

the sea level (m). The red arrow in (a & g) indésathe southward shift of the ITCZ before the etiwh of the

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



Figure 9: Time-longitude diagrams at 3° S between 10° W E0fdE, and from 2-days averaged model outputs &dm
March to 31 August 2005 and 2006, of (a & e) trees@face temperature (° C); (b & f) the 20° Chsotn-depth (m); (c &
g) the sea level anomalies from AVISO data (m); @hé& h) the zonal component of surface velocityStH

Figure 13 (“Figure 12" in the revised manuscript): Time-latitude diagrams for April-May along the 1998
2008 period, of 2-days average, from top to bottp@ST (°C); ii) intraseasonal anomaly of SST (°C)ii)
intraseasonal anomaly of wind stress magnitude @)} from CFSR fields; iv) intraseasonal anomaly obr$h
wave radiation surface flux (W from CFSR fields; v) intraseasonal anomaly ofQ@sotherm depth (m)
computed from the forced model SST; vi) intraseab@momaly of meridional SST gradient (every 0.5° o
latitude), from the forced model; averaged over\W06° W. The vertical black thin line indicates tthate of 14

May, 2005. For details about the calculations efahomalies, see Sect. 2.

Many English/grammar corrections have also beeneriadhe text.
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Abstract. The impact ofboreal spring intraseasonal wind bursts on sea surfao@deature variability in the
eastern Tropical Atlantic Ocean in 2005 and 200@vestigated using numerical simulation and obstons.

We specially focus on the coastal region east d&& &hd between the equator and 7° S ltatnot been studied
in detall so farFor both years, the southerly winds strengthemdgcedcooling episodethrough i) upwelling
processes; ii) vertical mixing due to vertical ah®f zonal current; and fasome particular eventi) a
decrease of incoming surface shortwave radiatidre $trength of theooling episodewas modulated by
subsurface conditions affected by the arrival ofvife waves from the west influencing the depth bét
thermocline. Once impinging the eastern bounddrg, Kelvin waves excited westward-propagating Rossby
waves which, combined with the effect of enhancestward surface currents, contributed to the westwa
extension of the cold water. A particularly stromgnd event occurred in mid-May 2005 and caused an
anomalous strong cooling off Cape-Lopez and invthele eastern Tropical Atlantic Ocean. From thelymis.

of oceanic and atmospheric conditions during ttagtipular event, it appears that anomalous strionggal
spring wind strengthening associated to anomaltnasig Hadley cell activity made the event as a sieei
event which prematurely triggered the rainfall ¢ab®nset in the northern Gulf of Guineaaking it the
earliest over 1998-2008 perioResults show that no similar atmospheric conditivere observeid May over

the 1998-2008 period. It is also found that thenaalous oceanic and atmospheric conditions assdciatéhe
event exerted strong influence on rainfall off Nvedst Brazil. This study highlights the differembgesses
through which the wind power from South Atlantic lisought to the ocean in the Gulf of Guinea and

emphasizes the need to further document and mahgdBouth 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 signatureof the SST seasonal cycle in the eastern
equatorial Atlantic is the Atlantic cold tongue (AC(Zebiak, 1993) characterized by a fast drop 8T Sup to



7° C) inborealspring and summer slightly south of the equatat east of 20°W (Merle, 1980; Picaut, 1983).
During boreal summer, the southern boundary ofdbider temperature connects progressively withatisral
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 gllaie
boreal winter to early summer (Brandt et al., 20&&¥ociated to the meridional displacement of titerd
Tropical Convergence Zone (ITCZ) (Picaut, 1983;i6adl989; 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 uieht
mixing, vertical advection and entrainment, as waslhorizontal 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, 1®&alacchi and Picaut, 1983; McCreary et al. 498

Besides the dominant seasonal cycle, the eastgitat 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 Stlehte
Anticyclone and SST anomalies in the southeastempidal Atlantic has been described by Libbeckalet
(2014). These authors suggest that the St. Helemiwyklone variability might be an importance saumaf
anomalous tropical Atlantic wind power which affecBST in the eastern equatorial Atlantic via sdvera
mechanisms: zonal wind stress changes in the westpratorial basin, wave adjustment, meridionakation

of subsurface temperature anomalies, intraseasandlstress variations, and possibly even otherhaeisms.
Through the in situ data analysis of AMMA/EGEE ces (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 equagtradd 0°

W is not smooth but results from the successioshairt-durationcooling episodegenerated by southeasterly
wind bursts due to the fluctuating St. Helena Aytlone. In addition, according to Leduc-Leballedra¢
(2013), the sharp and durable change in the atneoispbirculation in the northern Gulf of Guinea (dbly
strong southerlies north of equator) takes placeutifh an abrupt seasonal transition prepared lig@ession of
southerly wind bursts and possibly triggered bygaificantly stronger wind burst. The southerly @ibursts
occurring inborealspring in the Gulf of Guinea thus would play anportant role in driving precipitation
pattern in the area through air-sea interactioms détlogon et al., 2010; Nicholson and Dezfulil®0and
coupling between the ACT and the West Africa Moms@&AM).

Improving our understanding of the impact of sudhdabursts on SST variability at intraseasonal esialthe
eastern Tropical Atlantic is important through litsk with the regional climate. However, while tR&T and
Angola-Benguela regions have been the object ofyns&udies, the dynamics and SST variability of ¢cbastal

eastern region is much less documented.



In this study, we therefore first focus our anaysff Cape-Lopez (defined from 0° N-7° S; 5° E-H‘%nd
hereafter called CLR for ‘Cape-Lopez regiosgée map shown in Fig) 2nd aim to improve understanding of
its seasonal SST variability and the impact ofasérasonal winds on SST variability duringrealspring and
summer. To this end, we use regional high resolutiodel results as well as satellite SST data aadsarface
height observations. We first use model outputsfi®98 to 2008 to analyze the seasonal cyciedé €LR and

to highlight its interannual variability, and thesm specially focus on the years 2005 and 2006\esitigate the
SST response of intraseasonal wind forcing. Thegeparticular years were largely investigated dyrihe
African Monsoon Multidisciplinary Analyses (AMMA)x@eriment (Redelsperger et al., 2006). The yeab200
is characterized by the lowest SST values in th& AGring the past 3 decades (along with 1982),evd06 is
considered as a normal year (Caniaux et al., 204&h, 2005 exhibits the earliest development & ACT.
The study of SST variability at intraseasonal scdieing these two years is thus interesting fortdvet
understanding their observed differences in SS$m@®d conditions. These two particular years haentalso
chosen by Marin et al. (2009) to study the varigbidf the properties of the ACT. Their study cormeed the
equatorial area west of 4° E, whereas we proposeciss inthe CLR, east of 5° E where coastal processes are

expected to be involved.

The question of the processes implied in the SSTabiity in the Cape-Lopez region was raised basedin
observation in satellite SST data of cold coastaiens during boreal spring independent from thdsseved
off shore in the cold tongue region around 10°Wakihalso raised the question of the link of sucHingowith
the cold tongue developmeri¥lost studies on the CLR focused on the analykisbservational dataset to
examine the hydrology and its seasonal variationgkhe frontal (coastal) region of Congo (e.g. &let972;
Piton, 1988) or on the impact of Congo River on $8d@ mixed layer (e.g. Materia et al., 2012; Derdhweii al.,
2013; White and Toumi, 2014) but, to our knowledge,detailed analysis of SST variability at seatamal
intraseasonal time scales have been realized. #&rbanderstanding of ocean-atmosphere interaciiorikis
region is thus needed. Some previous studies detatéhe whole eastern Tropical Atlantic (Gulf ofii@Gea)
suggest thamultiple processes could be in play in CLR, coupling renaote local forcing, and combined with
the very low thermal inertia of the mixed layer tteg~or example, Giordani et al. (2013) show fraygional
model results that horizontal advection, entraintnand turbulent mixing significantly contribute tioe heat
budget east of 3°W because of the very thin mixaed. The upper layers of the north CLR might dlso
impacted by vertical mixing induced by the intenserent vertical shear between the South EquatGustent,
flowing westward at the surface, and the subsurkastward Equatorial Under-Current. In additionldeal
forcing, the area is also under the influence ef #lrival of equatorial Kelvin waves from West atheir
reflection, once reaching the African coast, polelas coastally trapped waves and westward as Rossles
(Moore, 1968; McCreary, 1976; Moore and Philand&77). The principal source of the equatorial Kelvi
waves has been usually related to the western @tgiatonal wind changes during late boreal wirteearly
summer (e.g.; Philander, 1990). In order to betteterstand th&igger mechanism of Kelvin waves generation
which conditions the mixed layer properties in ®eR, another purpose of this study is thus to idfigrnhe
atmospheric conditions coinciding with the Kelviawes generation in the West of the basin durindexia005
and 2006In addition, some studies (such as DeCoétlogon. eP@10) suggest that at short time scale (a few

days), more than half of the cold SST anomaly addine equatorial cooling could be explained by fumtal



oceanic advection of upwelled cold coastal watergrolled by the winds. Therefore, a better underding of

the SST variability in the CLR may also help totbetinderstand the SST variability in the equatoagion

Several studiese(g.Okumura and Xie, 2004; Caniaux et al., 2011; Ngustal., 2011; Thorncroft et al., 2011)
showevidenceof a high correlation between the ACT and the WAM omsehe Sahelian region. Based on an
analysis of 2¥ears of data, Caniaux et al. (2011) identified ybar 2005 as the year with the earliest WAM
onset date (around 19 May 2005 whereas they dé#imenean onset date on 23 June +/-8 days). Acapidin
Marin et al. (2009), the time shift in the develagrh of the ACT between 2005 and 2006 is relatead 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 {raceded a
strong cold event in the far eastern Tropical Aftanlong with an early ACT development. We aintdéscribe

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 usehis
study are described. The seasonal and interanaualbility of SST, winds, currents, 20° C-isothedepth and
sea surface heat flux in the CLR are analyzed at. Se Thecooling episodegenerated in response to southerly
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 dsstdisn 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) HRaturing a two-way nesting capability basedr@RIF
(Adaptative Grid Refinement In Fortran) (Debreuakt 2012). The two-way capability allows interacts
between a large-scale (parent) configuration ateloresolution and a regional (child) configuratianhigh
resolution. The ROMSTOOLS package (Penven et @D8Ris used for the design of the configuratione 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 1E.3thd from 17° S to 8° N and the nested high réisoiu
zoom focuses between 17° S and 6.6° N and betw@eWland 14.1° E domain. This configuration alldas
equatorial Kelvin waves induced by trade wind vioizs in the western part of the basin to propagatethe
Gulf of Guinea and influence the coastal upwell{8grvain et al., 1982; Picaut, 1983). The horizogtid
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.

(2016), their Fig. 1). This allows an accurate hason of the mesoscale dynamics since the firsbdaic



Rossby radius of deformation ranges from 150 to R30in the region (Chelton et al., 1998). The \ceti
coordinate is discretized into 45 sigma levels witirtical S-coordinate surface and bottom stretghin
parameters set respectively to theta_s = 6 and 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 surfacelkeand 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 Trenti¥s global monthly climatological run-off data g&ai and
Trenberth, 2002). The rivers properties of salirityd temperature are prescribed as annual meaasvalne
river (Amazon) is prescribed in the parent modellevfive rivers, that correspond to the major rvgresent
around the Gulf of Guinea, are prescribed in thiédamodel (Congo, Niger, Ogoou, Sanaga, Volta).tih¢
surface, the model is forced with the surface laadt freshwater fluxes as well as 6 hourly windsstréerived
from the Climate Forecast System Reanalysis (CKB&)zontal resolution of ¥°x ¥%°) (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 Giesg2008). 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@ridays averaged model outputs from year 199@ad0
2008. The model has already been validated suedlsefith a large set of measurements and climafickl
data, and more detailed information about the medidiations can be found in Herbert et al. (2016).

Note that throughout the whole text and figure icays, the term “intraseasonal variations” is useddsignate
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 fielotained after the removing of the 30 days low-fdtssed

field averaged over 1998-2008 to the total fieldhaf given year.

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 prestuidy the 10 years’ time series, from 1 Janu&§8lto 31
December 2008, obtained as 3-daily field. The irtgrdrfeature of the microwave retrievals is thatah give
accurate SST measurements under clouds (Wentz 20aD). 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 zonéwno
data extends at approximately 100 km from the cddss limits to some degree the analysis of neastal

regions, in particular those dominated by coagtalelling 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, Vattbn, and Interpretation of Satellite Oceanogreptata
(AVISO; www.aviso.altimetry.fr). The sea surfaceidi# dataset is a merged product of observatioos 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 towaat for atmospheric (wet troposphere, dry tropesp and

ionosphere delays) and oceanographic (electromagbigis, ocean, load, solid Earth and pole tidé&cts.



The mean sea surface topography for the period-282 was removed from the SSH to produce seacsurfa

height anomalies.

In addition, surface pressure data were studiedguBICMWF 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 conditions in CR
The purpose of this section is to describe thessedstmospheric and ocean surface conditionsarCitR.

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

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 ma@gspite a warm
bias (~1°C) compared to satellite observationsntbdel well reproduces the satellite pattern. [é/tiiis warm
bias in the eastern tropical Atlantic is well knowncoupled climate models (e.g. Zeng et al., 1998vey 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 maybelqresent along the Atlantic coast of southemicAfin
forced ocean-only simulatiomhe SST May-June average map indicates that tteabsummer SST minimum
is related tointensified cool SST around 6°S, in the Congo rhaegion. In this region, the coast is oriented
parallel to the trade flow which reinforces in balreummer, thus favorable to coastal upwelling psses. The
mean alongshore wind stress during May-June revedisct that upwelling conditions are observedravest

of the CLR. Wind stress magnitude exhibits a semmi@l variability with a second maximum in October—
December and a weakening during July-Septembeosgagy. 1b). The strengthening of windshiorealspring

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 Maye
season, while it is northward from October to Japaot shown). This general picture of surfacewtion is
consistent with observations (Merle, 1972; Pit®88; Rouault et al., 2009).

The region is also characterized by a shallow tlefime which depicts a strong semi-annual cycle.(Ed).
The evolution of z20 reveals a shoaling of the timaline during May-July and a deepening up to Oetob
November when it exhibits a maximum depth, in agrext 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), follagithe
seasonal cycle of solar shortwave radiations. Aild on the May-June average map, greater heestifggind

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 windsiathgenerate coastal upwelling in Congo mouth negiod
modulated by the variation of thermocline depth.



Figure 1. Monthly average of the (a) sea surface tempezaf®€); (b)wind stress direction (vectors) and
magnitude (color field{N.m?); (c) horizontal surface current direction (vectors) apded (color field)(m.s?);
(d) 20° C-isotherm depth (m); and (e) surface Hieat (W.m'%; positive values indicate downward flufrom
January to December from 1998 to 2008 and for limeatology (averaged over 1998-2008) simulated Hey t
model (red curve) and from the observations : mgrakierage TMI 3-daily SST data (light blue curwe(a));
averaged over 5° E-14° E and 7° S-0° S. Right panaps of each variable over May-June..



4. Analysis ofcooling episodesn the CLR in 2005 and 2006

In this section, we examine the impact of intraseabwind bursts on SST ie CLR during the particular
years 2005 and 2006 (Marin et al., 2009; Caniauad.e2011). We propose here to analyze in dethdsSST

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

4.1 SST variations

In order to delineate the sequencecobling episodeswe analyze the SST variations from 2-days avetage
model outputs in 2005 and 2006 over the CLR, iggwben 5° E and 12° Both the SST (Fig. 3a & c¢) and
intraseasonal variations of SST (Fig. 4a & f) haeen shownin 2005, the intraseasonaioling episodetook
place on 22-24 April, 8-12 May, 16-20 May, 26-30W42-16 June and 30 June-2 July, with a tempezatur
drop ranging between -0.2°C to -1.7{Eig 4a). The cooling episodes occurred east of 5° E frony Ma
September. They concerned especially the soutlipraterial region (around ~3-4° S), except for thiergest
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 saifitthe
equator and the warmer water north of the equatovjsible 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 intenseoling episodedn the
establishment of persistent cold anomalieshe CLR,as highlighted by Marin et al. (2009) in the eaquizl

region.



Figure 2. Map of the sea surface temperature (° C) on 12 R0®D5 from 3-days average TMI data (a) and from
the 2-days average model output (b). Note thathf®emodel it corresponds to 11-12 May average vesefar
TMI data it is 10-11-12 May averagéhe black square indicates the Cape-Lopez regialie(t'CLR’).

4.2 Forcing mechanisms
4.2.1. Local forcing

To examine the local forcing mechanisms responsfble the observedcooling episodesin CLR, the
intraseasonal variations of wind stress magni@amgeexamined and compared in 2005 and 20606 éb & 49.

In 2005, successive periods of 6-16 days wind Bifation occurred from late-March to late-May.€eTmain
cooling episodeslescribed above are associated with positivedagrsonal wind stress speed occurongd-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.rf). Another period of wind intensification is evidedcin 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 from midxidh to July The main wind events occurred in 14-
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 Apr019 N.n) and 24-26 June (0.022 N%n 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 duringcooling episodein the CLR for both years,
the 20° C-isotherm depths averaged from 5° E toELZfre presented on Fig. 3b & 3d. They indicatenstr
correlation with SST variations on intraseasonaktiscale withminimum depthg< 35 m) observed during the
mid-May 2005 and end-May everlh early April 2005 and before the late-April Z)Ghe thermocline was
deeper, that can explain why wind intensificatigh miot generate a surface cooling at these tinmefedd, at the
time of the strong 16-24 April 2006 wind evetiite z20values was higher south of the equator than dutiag
14-16 May 2005 event, making the SST less rea¢tiveomparable wind intensification. The same featar

observed in early May 2006, when thggher z20 values indicatdeeper thermocline south of the equator



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 betweenweytears.

The Ekman pumping velocity snaveragedover the CLRfor 2005 and 2006 is shown dfig. 4d & 4i
respectively The dates of intraseasonal upward velocities arige quell correlated with the dates of
intraseasonal wind events (with correlation cogfit equal to 0.55 for 2005 and 0.41 for 2006), inmaxn
being during the early-April, mid-May and end-MaQ05 events and during lageril, mid-June and end-June
2006 However, for comparable wind intensification, theréml 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 currenThe maximum of the vertical shear magnitude fiéfdthe CLR, averaged between
5° and 12° E for 2005 and 200Big. 4c & 41), exhibited intensification south of the equatmmtered around 3-
4° S. Weaker intensification also occurred occaigrat the equator (located around 80 m depth betwthe
westward surface South Equatorial Current — SE@d-the eastward subsurface Equatorial Under- Cijrren
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 @& wind events previously identified for 2005da2006,
with stronger vertical shear occurring in early M2305 and late April 2006. The intensity of the imaxm of
vertical shear magnitude during the events wasdiihilar 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 (roiven). We can also notice that for comparable wind
intensification, theboreal spring and summer wind events were not associatdd comparable intensity of
vertical shear. The meridional wind component fabte to westward Ekman transport was actually geon

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

The heat content within the mixed layer is also aoipd by the sea surface heat fluxes.
The net heat fluxes averaged between 5° E and B2& 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 twhie
net heat flux was negative over most of the reglortrong neicooling (-30 W.nf) occurred during the 26-28
May 2005 event. It was mainly due to a sudden desereof incoming surface short wave radiation (dvbp
about80 W.m? in the CLR between 22 and 28 May; not shown) suijgesncreased cloud covefAnother
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 ex@lsirestricted to the CLR region with values reagh
locally -185W.n% (not shown). For both events, the net cooling it concern the equatorial region west of
0°W.



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; frdvarch
to 31 August 2005 (left panels) and 2006 (rightgign

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 anE125 & g) Time evolution of the intraseasonal a#ions of
wind stress amplitude (N:fA) averaged between 5° E and 12° E and betweenafti®° S; (c & h) Latitude-
time diagram of the intraseasonal variations of ii@ximum of the current vertical shear magnitudestjn
averaged between 5° E and 12°E; (d & i) Longitudeetdiagram of the intraseasonal variations of Bkma
Pumping (m.g) averaged over the CLR. Ekman pumping values ®itate upwelling; (e & j) Latitude-time
diagram of the net heat flux (W-fhaveraged between 5° E and 12° E; frofiMirch to 31 August 2005 (left

panels) and 2006 (right panels). For details abaldulations of intraseasonal variations, see Zect.

4.2.2. Remote forcing

a. Highlighting of Kelvin wave propagation



As previously shown, the time of occurrence of ¢bil events in the CLR coincides withallow thermocline
which allows a mixed layer temperature to be meeetive to surface forcing. Indeed, because girizgimity

to the equator, the thermocline in the CLR is affddy the arrival of equatorial waves, initiatadhewestern
part of the basin. Pairs of alternate downwelling apwelling Kelvin waves occur usually in Februdfgrch,
July-September and October-November. Upon impingeméh the eastern boundary, the incoming equaltori
Kelvin wave excites westward-propagating Rossby esagnd poleward-propagating coastal Kelvin waves
(Moore, 1968; Moore and Philander, 1977; lllig Bf 2004; Schouten et al., 2005; Polo et al., 2008g 20°
C-isotherm depth anomalies along the equator amba®°E are presented on Fig. 5 and clearly evielésnge
negativeanomalies indicating shallower-than-average thetimecpropagating eastward along the equator and
then southeastward for both years. The eastwargapegion 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 1.1-1.3m’s which fits well in the range between the second third baroclinic equatorial
Kelvin wave modesin 2005, negative SSH and z20 anomalies occurréigeiWest in early March- early April
and in mid-May, whereas they occurred around |latierrary — mid-March and early May and June in 2006.
The first Kelvin wave thus reached the CLR slighelgrlier in 2006 than 2005, at the beginning of Mey

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

Thus, the intensity of the cold events observeddrealspring and summer 2005 and 2006 resulted from both
the basin preconditioning by remotely forced shaplbf the thermocline, local mixing and upwellinggesses
in response to strong southerly local winds, as assheat flux variations. In 2005, stronger wintknsification
and favorably preconditioned oceanic subsurfacelitions, made the coupling between surface andustdre

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

Figure 5: Time evolution of the intraseasonal anomaly df @dsotherm 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 thenzadies, see
Sect. 2.



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

b. Kelvin wave generation and coinciding atmospheci conditions in the West

In order to identify the wind activity which accoamies thegenerationof Kelvin upwelling waves in winter
2005 and 2006 in the western part of the basinamadyze the position of the ITCZ (averaged over \B035°

W) identified as the latitude where the meridiomahd stress goes to zero (Fig. 7a & g). The intiaseal
anomaly of the zonal and meridional componentshef wind stress (Fig. 7b-c & 7h-i), the intraseasona
anomaly of wind stress curl (Fig. 7d & j), as wadl the intraseasonal anomaly of the z20 and SSH TEH &

k-1), averaged in the equatorial band (over 1° 8 a&h N), are also presented. Many authors sugfestthe
source of the equatorial Kelvin wave is mainly tethto a sudden change of the western equatoniell zaind
(e.g. Picaut, 1983; Philander, 1990): a symmetesterly (easterly) wind burst along the equatol géherate
Ekman convergence (divergence) and thus force deNimg (upwelling) anomalies which then propagate
eastward as a Kelvin wave (Battisti, 1988; Giese &farrison, 1990). In 2005, shallower-than-average
thermocline, evidenced byegative z20 and SSahomalies, occurred in the end of March-beginmihgpril in

the west part of the basin (Fig. 7e & f). The isgasonal anomalies of meridional and zonal wireksstindicate
that the maximum of thermocline slope anomaly wasoeiated with a strengthening of northeast trades
followed by a strengthening of southeast tradesifeither side on the equator. At the equator, weEadindeed

a sudden reversing of meridional winds which tursedthward on 27-28 March 2005 related to an abrupt
southward displacement of the ITCZ which was theumfl south of the equator in the west part of theirb
(Fig. 7a & b). The ITCZ returned its initial positi four days later followed by a strengthening a$terlies
which persisted for ~20 days (Fig. 7c). Climatotadjy, the latitudinal position of the ITCZ variédsom a

minimum close to the equator borealspring (March-May) in the west to a maximum extensof 10N —



15N in late boreal summer (August) in the east. Ra@sinegative) wind stress curl is found north ¢sdwf the
ITCZ. When the ITCZ is north of the equator, it iceés upward (downward) Ekman pumping to the north
(south) of the ITCZ. Thus, the southward shift loé i TCZ on 27-28 March 2005 accompanied with strong
northerlies led to negative anomaly of wind strass$ south of the equator resulting in upward Ekmamping.
Results show indeed a strong negative anomaly e262arch 2005 associated with the southward siifhe
ITCZ just before the upwelling signal, initiated 28 March. These changes contributed to a risea@roteanic
thermocline with a time lag of some days (Fig. 7€) &The upwelling signal might then be reinfordeg the
symmetric easterly wind which concerned a large phthe western basin. Besides, we identify on. Fid
another peak of negative wind stress curl anomal§-8 May 2005, more sudden than the previous wime.
It was associated with negativ@0 SSH anomaliemdicator of a thermocline rise initiated on 6 M2§05 in
the west of the basin and which propagated eastalardy the equator. The zonal wind stress anoméfigs
7c¢) also indicate an easterly wind strengtheniritgaied in the beginning of May, which a maximum &10

May, just after the minimum of wind stress curl.

In 2006, the upwelling Kelvin wave is identified tine first half of March in the west part of thestm(Fig. 7k

& 1). The coinciding atmospheric conditions werglstly different than the ones identified in 20056.winter,
the position of the ITCZ had a more southern pasiin 2006 than in 2005. It crossed the equatomdua
longer period (about 10 days from ~ Feb. 10 20@&&ching minimum latitude on 22-24 February. Thbisation
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 stfeg
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 southigss, leading to an anti-symmetric meridional dvpattern as
well as symmetric zonal wind pattern on either sisethe equator (not shown). These wind patterne we

expected to generate Ekman convergence at the &arad thus to reinforce the observed upwellingnaalces.

Thus, for both years, Kelvin upwelling wave occdrie the west while easterly winds were strengtdeinem
either side of the equator after the ITCZ reachedduthernmost location. This latter was obseorez 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 verddsm southward shift and was followed by strondesliss
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 way in which
wind intraseasonal events may impact the SST \éitjaim the East part of the basin, through thegetion of

Kelvin wave in the West which shoals the thermaximthe East few weeks later.



Figure 7: Time evolution, from 2-days averaged nhodéputs over Jan-June2005 (left) and Jan-Juné 200
(right); of (a & g) the position (in latitude, beten 5° S and 10° N) where the meridional wind stxedue
equal zero (indicator of the position of the ITC@);& h) the intraseasonal anomaly of the meridioviad
stress (N.i) averaged between 50° W and 35° W and betweenabdS.° N; (c & i) same as (b & h) but for
intraseasonal anomaly of zonal wind stress (f);1fd & j) the intraseasonal anomaly of the wingss curl
(N.m?) ; (e & k) the intraseasonal anomaly of the 208@herm depth (m); (f & I) the intraseasonal antynad
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 calboihs of anomalies, see Sect. 2.

4.3. Westward extension of the CLR cooling

In the east, the cooling generated by southerlylvoursts in the CLR then progressively extendedwass to
connect with the southern boundary of the equdt&@T. This phenomenon was more obvious in 2005whe
the cooling which first concerned coastal areareded further offshore a few days after the tworgirevents
occurring in the second half of Majo evidence the effect of these events on SST, mfpstraseasonal SST
anomaly and intraseasonal wind stress anomaly gedriiom 1 to 12 May (before the strong 2005 eyefFits
8a) and from 14 to 31 May (during and after thiergg 2005 events; Fig. 8b) are presented on Figh8.same
calculations have been for 2006 for comparison. fdwalts illustrate an enhancement after 10 Mayhef
cooling in the east associated with southerly wimeénsification and an extension of the coolingesgly

south of the equator up to 20°W.



Figure 8: (a) intraseasonal anomaly of sea surface temperét C; color) superimposed with intraseasonal
anomaly of wind stress intensity (arrows) averagestr 1-12 May 2005 (up panel) and over 14-30Mayvo

panel); (b) same but for 2006. For details aboaitciculations of the anomalies, see Sect.2.

To better understand the oceanic processes imiplifds cooling extension, we compared the SST, 81\

and zonal velocities along 3° S from March to Seyiter 2005 (Fig. 9 a-d) and 2006 (Fig.9 e-h). In206e
cooling westward extension was associated with atward 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
current occurring off Gabon with periods of ~8-18ysl were related to the strengthening of southsihds
during the wind bursts at the same periods (Fig&4}). 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 t&ror
time scales than seasonal scale but the intentsificaf 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 @rgld by
horizontal oceanic advection controlled by the wimith a lag of a few days. In addition, minimum z20d
SLA values propagating westward at 3° S (Fig. 9b)&initiated from the coast with a propagatingepef
around 10 cm which is very close to the phase speed of Rossyes. Indeed, the generation of the
westward waves at the coast coincided with thevarof Kelvin waves (see Fig. 5a) suggesting thesfmlity

of Kelvin wave’s reflection processes into symneettiwestward 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 reflécieave
signal at the coast by the sea level slope whitanisad 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 thigdst 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 cigr@re usually maximum (as visible on the meas@es
cycle shown on Fig.1c). Thus, the combined effeftavestward surface currents (via advection andicadr
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 28aiV.

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 eaather closely while in 2006, the first Kelvin upiwed
wave reached the coast in May and the second n (ig.5b & Fig. 6b and Fig. 9f). In addition, the
intraseasonal wind strengthening responsible ofctiestal cooling on 18-26 May 2006 is less intefwgad
stress mean in the CLR ~0.04N.m?) than the oneidkiay 2005 (~0.06N.m?; which is preceded and fokal
by another wind bursts few days before and aftier; 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
episodes usually occur in the east at this locatiod is thus closely linked with the shoalinglué thermocline

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

Figure 9: Time-longitude diagrams at 3° S between 10° W EOfdE, and from 2-days averaged model outputs &dm
March to 31 August 2005 and 2006, of (a & e) trees@face temperature (° C); (b & f) the 20° Chsoin-depth (m); (c &
g) the sea level anomalies from AVISO data (m); @hé& h) the zonal component of surface velocitySHh

In conclusion to this section 4, the SST variapilit the CLR at intraseasonal time scales is tiselteof
combination between basin preconditioning by refydferced shoaling of the thermocline via Kelvin wea
local mixing induced by current vertical shear, apavelling processes in response to strong soythérds.
As highlighted for the 26-28 May 2005 and 2 ApiliGB events, the net heat flux may also contribatedol
the surface waters, through enhanced cloud coveéchwtiecrease the incoming solar radiation. The cold

upwelled waters around 3°S extend then westwant fiee eastern coast to near 20°W by combined efffect



the westward propagating Rossby waves as welldisalemixing and advection processes. The cookwatay
thus contribute to the cooling in the southern edfyéhe cold tongue region. Although the procedsgslied
differ slightly due to the presence of the codst $ST variability in the CLR is quite close to thee in the
equatorial cold tongue region (not shown), dueit@lar atmospheric forcing. However, for a givemdiburst,
the intensity of SST response in the CLR and incibld tongue region is modulated by subsurface itiond
which are under the influence of equatorial Kelwiave. In May 2005, the Kelvin wave reached theerast
coast while three wind bursts occurred. The thefimeovas thus shallower in the east than west &F,0°
providing favorable subsurface conditions making ¢bupling between making the SST more reactiweina
intensification occurred during this month. In ddui, the decrease short wave radiations due taresed cloud
cover during the 26-28 May 2005 event or 2 ApriD@@vent, which contribute to the cooling in theRCIdid

not concern the equatorial region east of 0°W.

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, 26-30aiyl
and 14-18 June), characterized by a temperatugerdrging from -0.2° C to -1.7° C in the model. Asés of
intraseasonal wind stress magnitude (Fig. 4b) besaled that each event is associated with strenmgty of
equatorward winds, especially during the 14-16 Masent 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 etdplaAtlantic and identified as part of manifesat of
temporal variability of the St. Helena Anticyclof@arin et al., 2009). In this section, we focustbis mid-

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

5.1 Atmospheric conditions

5.1.1 Wind and surface atmospheric pressure

The spatial distribution of the mid-May 2005 wingkat can be inferred from Fig. 10 where CFSR wipelesi
fields superimposed with daily precipitation fieldsirface pressure, wind speed curl, and downwaodwsave
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 13-14yMzoncomitant with a strengthening of the eassniiest
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€ae
strong winds during the event were associated Wwithh pressure core of the Saint Helena Anticyclone,
especially on 13-14 May, also associated with paldily low pressure under the ITCZ 4 days lateg.(EOc).
The pressure fall during the mid-May 2005 eventesped as the lowest in May over the whole decade (n
shown). The meridional surface pressure gradieringuhe event is thus found to be the strongest 4998-

2008 period. That suggests strong Hadley circutaitibensity during the mid-May event and therefsti@ng



equatorward moisture flux, allowing the deep atnhesiz convection in the Gulf of Guinea to be trigegbat a

self-sustaining level (see Sect. foflowing).

Figure 10 Daily-averaged, from 13 May to 17 May 2005 (feftright 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-wadation (W.n?) from CFSR fields.

5.1.2 Precipitation

The maps of precipitation rate during the eveny.(EDb) display a band of heavy precipitation (9-17 kg.m
?/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. @oy and Carton (2003) showed that this rainfattgra
appears closely linked to the seasonal change hdi&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
rainfall conditions during mid-May event might thbe explained by strong SST gradient between the tw
regions caused by unusually early cooling in theTA€gion at this time of the year.

5.1.3 Generation of atmospheric gravity wave

The precipitation fields during the mid-May everfig. 10b also evidence rainfall pattern typical of
atmospheric gravity wave train characterized byoezbntal 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 dnay
traveled northeastward until 17 May. The rainfadlin was associated with oscillatory wisgdeedcurl train
alternating between positive and negative valugs (Pd) as well as alternating downward shortwave ragimti
minimum (Fig. 10e) associated with the wave clouds. Gravity waveska@vn to play an important role in
transporting the momentum and energy through lastaces (Fritts, 1984). Here, they would be a way

carry momentum and energy from South Atlantic ®elquator during the strong event.
[Figure 11 and associated comments has been deleted
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 (Maatn
al. 2009, Caniaux et al., 2011). The influenceha told tongue on the WAM onset has been suggésted
several authors (Okumura and Xie, 2004; Caniawat.eP011; 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 equatdsidntic: the ACT serves to accelerate (decelerat@ys in
the northern (southern) hemisphere contributingh® 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 2Qthich has been the earliest over 1982-2007 pédraod
Caniaux et al. (2011). In this section we aim t&tdveunderstand how this single wind event may heweh
impact. Foifurther information on the WAM, the reader can reafeLeduc-Leballeur et al. (2013) and Caniaux
et al. (2011).

In order to analyze the air-sea pattern in theheort Gulf of Guinea during May-June 2005, st®w inFig. 11
the wind stress magnitude, precipitation rate, &8T fields averaged from 10° W to 6°.Whe 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 slagjter
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 (aroBAdN) after the event.

Thus, this mid-May event appears as the “decisiemn€ which triggered the abrupt transition betwées two
wind patterns in the northern Gulf of Guinea, witte® wind north of the equator became and remaitvedger

than south of the equator. It occurred 15 daysiezatthan the average date (31 May) identified byue



Leballeur et al. (2013) over 2000-2009 period. Adony to these authors, the time of occurrencehed 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
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 sehdmmsition event as observed in 2005, occurrmgh
earlier than the reference date, supposed anonmalstreng equatorial cooling caused by unusualngtro
southerly winds which allowed, through air-sea ratdéions mechanisms, to trigger the deep atmospheri

convection in the Gulf of Guinea at a self sustairievel.

Figure 11: Time evolution, in May and June 2005 betweefs @thd 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 $ST) fields, from the

forced model.

5.3. Why made the mid-May 2005 everto specia?

To better understand which makes the particularitthe mid-May 2005 event, the atmospheric and micea
conditions (SST, intraseasonal SST anomalies, Seétsonal short-wave radiation flux anomalies (Htrea
RADSW), intraseasonal wind stress magnitude ane®glintraseasonal z20 anomalies, and intraseasonal
meridional SST gradient anomalies) averaged owed@f W - 6° W region and between 15° S to 5° Nrdur
April-May are analyzedverthe 1998-2008 period={g. 19. The intraseasonal wind stress magnitude anomaly
during mid-May event appears to be one of the genhover the whole 1998-2008 periag (o 0.13N.r{
around 15°S and 0.05N:frin equatorial region)These strong wind conditions are usually met latelate
borealspring or summer, when the St. Helena Anticyclstiengthens and shifts northward toward the warm
hemisphere. The wind intensification in mid-May 80@as associated with particularly weak RADSW from
South Atlantic to the northern equatorial regiarggesting cloud albedo effect during the event Wwiénded 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 buistg. 20
April and 8 May). The SST response to the mid-Magne occurred 4-6 days later, inducing the weakest
equatorial SST values for April-May season ovenimle 1998-2008 periodSET drop of ~3°C inducing SST

< 24.8°C) The cooling also caused an enhanced SST froondr@® N, as shown oRig. 12 (bottom panel),
which was found to be thearliest and strongest one over the 1998-2008 ¢heFtos meridional SST gradient



was responsible for the wind surface intensificatimrth of the equator (Fig. 11a and Fig. 12, toyéanel)
through air-sea interaction mechanisms as desctilyededuc-Leballeur et al. (2011Another SST gradient
maximum is found at the end of May 1998 but it was extended as eastward than during the mid-M&p 20
event (not shown).

When the wind burst occurred on 14 May 2005, th&C28otherm depth in the area was anomalously ehall
south of the equator and slightly deeper at theguFig. 12, fifth panél. The thermocline shoaling associated
with the Kelvin wave appeared in fact a few daydieaproviding favorable subsurface conditions ethimade
the SST response to previous wind bursts (20 Aprd 8 May) more effective. At the time of the midiv
event, the wave already reached more eastern agakpwn in previous sections.

Thus, the particularity of the mid-May 2005 evendinty lies in the i) anomalous atmospheric cowdisi
related to strong St. Helena Anticyclone pertudygtii) cooling initiated by the succession of poas wind
bursts; and iii) favorable subsurface local oceanditions preconditioned by equatorial waves wisbbaled
the mixed layer. Another wind burst of comparaligemnsity occurred at the beginning of May 2000y( 12,
fourth panel)while the thermocline was shallow, causing SSTlingaat the equatorH(g. 12, first and second
panely. However, the wind strengthening was less sudtham during the mid-May 2005 event and the
resulting cooling took place over a less broadaedgnot shown). In addition, the surface pressuop é the

ITCZ region was not as pronounced as during mid-R2@g5 event.

Figure 12 Time-latitude diagrams for April-May along the 199808 period, of 2-days average, from top to
bottom i) SST (°C); ii) intraseasonal anomaly of TSEC); , iii) intraseasonal anomaly of wind sses

magnitude (N.if) from CFSR fields; iv) intraseasonal anomaly obrstwave radiation surface flux (W:#H



from CFSR fields; v) intraseasonal anomaly of 2@8@herm depth (m) computed from the forced mod&T;S
vi) intraseasonal anomaly of meridional SST grad{emery 0.5° of latitude), from the forced modaVeraged
over 10° W-6° W. The vertical black thin line indies the date of 14 May, 2005. For details aboet th

calculations of the anomalies, see Sect. 2.
[Figure 14 has been deleted]
6. Summary and discussion

In this study, the impact of intraseasonal windsS&T in the far eastern Tropical Atlantic durimgrealspring
2005 and 2006 has been investigdtedn observations and numerical simulation. We firgtu® our study in
the Cape-Lopez region (CLR), east of 5°E and betweeretjuator and 7° S, where the seasonal and inteabnn
SST variability is poorly documented. There, thereal spring (AMJ) season corresponds to a transitional
period between high SST in boreal winter and we@k $ boreal summer, under the influence of locilds.
Intensified cool SSTs are observed in the coagtaklling area located around 6° S in the Congo moegion,
associated with mean alongshore wind conditi@wseal spring season is in fact characterized by maximum
winds amplitude, influence of which is made moréeetive by shallow thermocline depth, itself strbng
influenced by remote forcing. The seasonal cyclhenCLR is modulated by strong year-to-year vame, as
observed irborealspring 2005 when cold SST anomaly are associatidsivallower-than-average thermocline

depth and positive wind speed anomaly.

The intraseasonal wind bursts which occurredbameal spring 2005 and 2006 generatedoling episodes
especially around 3°-4° S except for some strongeshts when the cooling reached more northerntedah
region, especially during the mid-May and end-M&@2 events. The intensity of the cold events resduitom
both basin preconditioning by remotely forced shmmplof the thermocline (via Kelvin wave), local rinig
(induced by current vertical shear) and upwellingcgsses in response to strong southerly localswviRdr one
particular event, on 26-28 May 2005, the net hkat &lso tended to cool the surface water, duenttaeced
cloud cover which decreased the incoming solaratamis. Inthe CLR, stronger wind intensification and
favorably preconditioned oceanic subsurface comuftiin 2005 made the coupling between surface and
subsurface ocean processes more efficient tha@(6,2esulting in stronger cooling.should be noted that the
occurrence of intraseasonal wind intensificatiothie CLR is not specific to the boreal spring/sumga@)5 and
2006 and is observed every year over the 1998-2@@®d of study (not shown). However, their impant
SST variability in the region is modulated depegdiof the strength of wind intensification and ofeth
subsurface preconditioning. For example, the ye2981 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 thatbfath yearsan Kelvin upwelling wave was initiated in the



west while easterly winds were strengthened frotheeiside of the equator just after the ITCZ toabets
southernmost location. This latter was observedroosth earlier in 2006 (late February — early Mauttian in
2005 (late March-early April), and was associatétth & negative wind stress curl anomaly. In wir2é05, the
ITCZ was found south of the equator after a verddsm southward shift and was followed by strondesliss
during ~20 days, while in winter 2006, the ITCZ wiasind closer to the equator less sharply and duain
longer period, followed by weaker easterlies whempgared to 2005. These results obtaiftedhe years 2005
and 2006 yeardo not imply that same atmospheric conditions wde observed for winter upwelling Kelvin
wave of other years. Especially, the year 2005 weag particular and also exhibited anomalously ®&Ts in
the south Atlantic and anomalously warm SSTs in ribeth Atlantic initiated in fall 2004, signaturd a
meridional mode (Virmani and Weisberg, 2006; Faltel Mc. Phaden, 2006; Hormann and Brandt, 2009).

Upon impingemenét the eastern boundary, the incoming equatorial ikekave excites westward-propagating
Rossby waves and poleward propagating coastal iKelves.In 2005, the Kelvin wave reached the coast
around mid-May while southerly winds strengtherathwing the reflected wave to be reinforced by libeal
wind. This resulted in westward propagation of niegaz20 and SSH anomalies which, combined with
enhanced westward surface currents, provided falereonditions to westward extension of cold upactll

water from the eastern coast to near 20°W throdgection 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 bentified as a “decisive event” which triggered #ierupt
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 nortthef equator through the SST front around 1°N. This
triggered the deep atmospheric convection in thE @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 atmospheonditions over the 1998-2008 period has showan ttie
2005 event was characterized by the strongestcpeessure gradient between the St. Helena higgspres
and the low pressures under the ITCZ, inducingngtidadley cell activity. No similar atmospheric teabh 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 deerin
ITCZ region was not as pronounced than during mad/N005 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#gn 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
borealspring season, which is a transitional periodruswhich an anomalous strong energy input mayhip t
energy balance from an equilibrium state towardf@eroone and thus impact the WAM system. The aisabfs
atmospheric and oceanic conditions during the m&sN005 wind event allows to highlight the diffetren
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 Attant) changes in the trade winds in the westernacoyial
Atlantic exciting eastward-propagating equatorig@hin 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 bursither local (e.g. in 6-8 May) or occurring a feweeks

before in the West.

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; Davay.,e2002; Deser et al., 2006; Chang et al., 2G0&hter
and Xie, 2008ps well as in forced ocean-only simulatigesy. Large and Danabasoglu, 2R0khis warm bias
is well evidenced in our numerical simulation (F1g2) and our results clearly show that tteoling episodes
were underestimated in the CLR, implying the neethvestigate more in depth the oceanic and atmeysph
processes in play in this particular region. Asititeaseasonal wind bursts are related to thedhtains of St.
Helena Anticyclone, their impact on SST variability the eastern tropical Atlantic and regional aim

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. yéwer
2005 exhibited a pronounced meridional mode patietin strong SST gradient between the two hemisgher
Several authors (Foltz et al., 2006 ; Virmani andisilerg, 2006 ; Marengo et al., 2008a, 2008b ; Zsrgy.,
2008) studied this particular year, marked by arloosdy warm SST in the tropical North Atlantic dugi
March-July, the warmest from at least 150 yearss @homalous warming was associated with the nuiatea
and destructive hurricane season on record (Fblk,e2006; Virmani and Weisberg, 2006) and ameswe and
rare drought in the Amazon Basin (Marengo et @08, 2008b; Zeng et al. 2008; Erfanian et al.,720Erom
these authors, primary causes of the anomalous iwgrim 2005 were a weakening of the northeastedge
winds and associated decrease in wind-inducedtlhist 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 ams 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 She6)2 Comparable anomalously warm tropical Atlantic
SSTs have been observed in 2010 also associathdestiteme 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 durirRP05 has been investigated by several authorgabléng
in South Atlantic has received less attention. Bigly highlights the need to further document emitor the
South Atlantic region and the St. Helena Anticyeprthrough additional high resolution analysis and

observations.
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