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Contribution to project objectives¢ with this deliverable, the project has contributed to the
achievement of the following objectiveB@gm Annex | / DOW, Section B1.1.):

N.° | Objective Yes|No

Reduce uncertainties in our knowledge of the functioningropical Atlantic (TA
climate, particularly climateelated ocean processes (including stratification)

1 dynamics, coupled ocean, atmospbhe and land interactions; and internal aX
externally forced climate variability.
5 Better understand the impact of model systematic error and its reductiorx

seasonalto-decadalkclimate predictions and on climate chang®jections.

Improve the simulation and pediction TA climate on seasonahd longer time
3 |scales, and contribute to better quantification of climate change impacts in X
region.

Improve understanding of the cumulative effects of the multiple stressor
climate variabity, greenhousegasinduced climate change (including warming :
deoxygenation), and fisheries on marine ecosystems, functional diversity
ecosystem services (e.g., fisheries) in the TA.

Assess the socieconomic vulnerabilities and evaluate thesilience of the
5 |welfare of West African fishing communities to climdliéven ecosystem shif X
and global markets.

Author(s) of this deliverable:Marcus Dengle(GEOMAR

Deviation from planned &orts for this deliverable:None to ourbestknowledge

Report
Executive Summary

This reportis Deliverable3.4 of the PREFACE projeptroduced bythe work packageNP3 WP3
focuses on improving the understanding of the physical processes controlling the mixed layer heat
and freshwater balances in thtlantic equatorial cold tongue, th&ulf of Guineand in theeastern
boundary upwelling regionsef the tropical Atlantic Within WP3 observational and model process
studiesare performed the Atlantic observing systeis extendedand datasets to evaluateegional

ocean and atmospheriand global climatenodelsare provided The report focuses oradvances in

the understanding of theariability of the mixedayerheat and salbalancesn the WP3regionswith

a focus on interannual time scales

Seasonal heaand salinity budgetsin the equatorial cold tongue and the Gulf of Guinea

Interannual variability in the equatorial cold tongue region and in the Gulf of Guinea is-|utkse

to the seasonal cycle. Understanding of the seasonal cycle is thus fundanentaterstanding
interannual variabilityPrior to PREFACE, several studies had focussed on the seasonal heat budgets
in the equatorial cold tongue and the Gulf of Guinea, but the leading processes fluxing fresh water in
the mixed layer had not been idef&d.

Three studies extended previous knowledge of the seasonal maget heat budget. In an extensive
observational study, Hummels et al. (2014) showed thihin the equatorial region, the diapycnal
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heat flux is essential for theeasonatlevdopmentof the Atlantic cold tongue. It dominateaver all

other cooling terms in the central and eastern equatodald tongue while it is of similar size as the
zonal advection in the western equatori@ld tongue regionSimilarly, Schlundt et al. (2014 )ufad

that during May to July 201ktrong mixed layerheat loss in theAtlantic cold tongue regiomwas
found to be the result of the balance of warming due to net surface heat fluxaastcbngercooling

due to zonalheat advection and diapycnal mixin§loith of the equatorial cold tongue regiothe
mixed layer heat balance was dominatby net surface heat flux and zonal advectidaring the
same period Finally, Lidke et al. (2017) showed that the heat budget east of 5°W to the Nigerian
coast must be domiated by a balance between net heating by surface heat flux and net cooling by
diapycnal heat fluxes at the base of the mixed layer.

Several studies focussed on seasonal salinity budgets in the mixedDay&itada et al. [2014] used
anocean general otulation modelo investigatemixed layer salinityariations in the Gulf of Guinea
region. The surface salinity seasonal cydecharacterized by strong salinization during May for
coastal areas north and south of the equatdmhe nodel results suggestethat vetical mixing
controls the mixedayer salinity increase at the equator during May, while both vertical mixing and
vertical advection contribute to the salinity increase in coastal regionthe equatorialcold tongue
Camara et al. (2015) sugded that diapycnal freshwater fluxes due to mixiage an important
contribution to the mixed layeilbudget by providing, in general, an upwelling flux of salinity
Similarly, D&llada et al. (20173uggested thathe vertical processes play a crucialerah thesea
surface salinityvariability within the cold tongue. Finally, model studies (Camara et al., 2014; Da
Allada et al.2017) as well as observational studies (Schlundt et al., 2014; Ludke 204F), agree
that the boreal spring sea surface isity maximum within the cold tongue can lexplained by an
upward flux of high salinity originating from the core of the Equatorial Undercurrent (EUC) through
vertical mixing and advection.

Interannual variability of the equatorial Atlantic cold tongue ggon

Interannual variability of thanixedlayer heat and saltbudget in the equatorial Atlantic ere
studied using combined observational and modelling approachd@srannual variability of sea
surface temperature in the equatorial Atlantitrongly impats tropical Atlantic climate variability
and in particularainfall variability over northeast Brazil and the coastal regions surrounding the Gulf
of Guinea Equatorial sea surface temperatures are also Wwealbwn to influence the onset and
strength of theWest African Monsoon. Hence, in order to improskémate prediction in those
regions interannual sea surface temperatuvariability and its causes need to be understood.

Arather unexpected result asput forth by Nnamchi et al. (201%5yho investigatedthe impact
of thermodynamic forcing (i.e. surface net heat florcing on interannual variability of the
equatorialcold tonguetemperatures in the Atlantic and Pacific usmget ofdifferent CMIPXlimate
models.They showed thaih the tropical Atlatic the thermodynamic feedbacks excited by stochastic
atmospheric perturbations can generagdevatedinterannual variability in the Atlantic cold tongue
that explains 6& 23% of the observed interannual variability. In the Pacific, thermodynamic forcing
explained only 3211% of the interannual variabilithnamchi et al. (2015hypothesizel that
atmospheric fluctuations a&®ciated with the interannual Atlantic cold tongue variabilitycan
generate the spacéime structure of theinterannualequatorial Atantic cold tongue eventwsia the
wind-evaporationSST feedback mechanisms even undwotionless ocean conditions. Coupled
dynamics can furtheenhance the characterististructure and energize thaterannual variance of
the Atlanticcold tongue via theBjerknes feedback and changes in mixed layer depth.

The relative contributions of the dynamic and thermodynamic forcing to the interannual
variability of the equatorial Atlantic sea surface temperaturere alsoinvestigatedby Juanno et al.
(2017)usinga set of interannual regional simulations of the tropical Atlantic Ocgéaey found,n
agreement with leading theorieand in contrary toNnamchi et al. (2015) that the interannual
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variations of the dynamical forcing largely contributes to this vartgbMoreover, theyshowed that

mean and seasonal upper ocean temperature biases, commonly found in fully coclptede

models, strongly favor an unrealistthermodynamic control of thequatorial Atlantic interannual
variability.

Similarly Planton etal. (2017¥oundinterannual Atlantic cold tongue variability to be associated
with dynamical forcing. They usen @cean general circulation model capable sifhulating the
interannual variability of theAtlantic cold tongue in agreement with observatiotesdemonstrate
that cold interannuabknomaliesdevelop rapidly from May to June mainly due to intense cooling by
vertical mixing and horizontaheat advection. Anomalously cool cold tongue events amresult of
the combined effects of notocal and localprocessesNon-local procesass are associated with
eastwardpropagating upwelling Kelvin wasegenerating shallownixed layers. The preconditioned
mixed layer is subsequentlyooled bydiapycnal mixing athe base of the mixedayer, which is
amplified bya stronger local injection ofvind energy from the atmosphereDuring anomalously
warm Atlantic cold tongue evenjsPlanton et al. (2017¥ound that processes are reversed.
Downwelling Kelvin wawvetriggerstratification anomalieand mixedayer depth anmalies that are
amplified by a weaker injection of energy from the atmosphere in dagie and thus weaker
diapycnal mixing

It should be noted thatluanno et al. (2017s well asPlanton et al. (20173tress the damping
nature of the thermodynamic forcanduring anomalous cold tongue events. From observations, it is
evident that net surface heat fluxeare increased(i.e. anomalously warm the ocearuring
anomalously cool cold tongue events, while they are decreased during anomalously warm cold
tongue eents, further questioning a dominantole of thermodynamidorcing of interannual Atlantic
cold tongue variability.

The interannual variability of mixed layer salinity was studiiethe Gulf of Guinea by BPralada
et al. (2014). They showehat for the northern and equatorial Gulf of Guineaterannual variability
of nearsurface salinityvaslargely due tointerannual variability oprecipitation and winds. For the
southernregion of theGulf of Guineagnly interannualwind variability wasimportant for explaining
nearsurface salinityvariability. Interannual variability of salinity was investigated by Awo et al.
(2017) who described meridional and zonal variability modes of salinity.

Swudies have @o focusedon understanding individual anomalouslakitic cold tongue events.
Burmeister et al. (2016) investigated the cause focadd sea surface temperature evettat
occurred in the Atlantic cold tongue region in boreal summer 2009. It was preceded by a strong
negative Atlantic meridional mode eveassociated with norttwesterly wind anomalies along the
equator from March to May. Although classical equatorial wave dynamics suggest that westerly wind
anomalies should be followed by a warming in the Atlasttd tongue regionan abrupt cooling
occured. Two mechanisms- meridional advection of subsurface temperature anonmliand
planetary wave reflectionare discussed as potential causes of such an elsihg a set of different
observations Burmeister et al. (2016) showethat meridional advectin is less important in
anomalously cool Atlanticold tongue eventsthan in corresponding warm events, atkat this
processdid not cause the 2009 cold evemhstead,Argo float data confirmad previous findings that
planetary wave reflection contributetb the onset of the 2009 cold event.

Mixed layer heat and salt budgets in the eastern South Atlantic

Mixed-layer heat budgets from th&ngola and Benguela upwelling regiaradculated from the
PREFCLIM climatology (Rath et al. 2016) by Liudke E04l) suggest thatthe most important
cooling term is zonal heat advectiofidditionally, lorizontal heat adveiton due to eddy steering is a
major heat fluxerm and supplies heat to the Angola and Benguela upwelling regions from offshore.
Net surface heat lix is identified as the main driver of seasonal heat content variations due to the
large annual cycle of shewave radiation.Throughout theAngola and Benguela upwelling regions
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evaporation is larger than precipitation and their combined impact on thgethilayer salinity is
balanced by zonal freshwater advectidiodel results by Kom et al. (2017) show freshwater flux
balances that are comparable to the results by Lidke et al (204 The Benguela region, model and
observations roughly agree on freshi@afluxes andseasonal variation of advectiohlowever, df
Angola, sea surface salinityariations are uncorrelatedetween the model and the PREFCLIM
analysis

Interannual variability of the Angola Benguela upwelling region

Interannual variability of ea surface temperature in the AngeBenguela regions is often
explained as being remotely ltlge impact d upwelling and downwelling coastal trapped wa\aes
well as by locameridional winds along theouthwestern coast of Afric&he link between equatial
Atlantic Ocean variability and the coastal region of Angd¢danibiawasinvestigated at interannual
time scales from 1998 to 2018% Imbol Koubgue et al. (201 7Mheir ystematic analysis of all strong
interannual euatorial sea surfaced height anones showed that they precedmterannual sea
surface temperature @omalies along the African coay 1¢2 months confirmingthe hypothesis
that major warm and cold events in the Angdanguela current system are remotely forced by
ocean atmosphere inteions in the equatorial Atlantic. Equatorial wave dynamics is at the origin of
their devebpments. Wind anomalies in the westerguatorial Atlantic force equatorial downwelling
and upwelling Kelvin waves that propagate eastward along the equator andotiieward along the
African coast triggering extreme warm and cold events, respectively.

A perhaps overlooked mechanism cdributing to interannual variability of mixed layer
temperatures in the Angola Benguela upwelling regiomisrannual variabilityof heat contentin
the upperthermoclinebelow the mixed layerTchipalanga et al. (201ésedhydrographic datdrom
the Dr. Fridtjof Nansen cruises and three RV Meteor cruises carried out within PREFACE along the
eastern boundary dfAngola and Namibialhe data revealedemarkable variability in subsface
upper ocean heat contendn interannual to decadal timescale§/arm water mass anomalies were
found further to the south between 1999 and 2001 as well as between 2008 and 2013, while cold
water mass aomalies, likely associated with enhanced contributionsEaistern South Atlantic
Central Watersvere displaced further to the north between 1996 and 1998, from 2002 to 2006 and
since 2015. Such anomalies on isopycnals might represenadditional forcingof sea surface
temperaturevariability.

Similar as for the equatorial Atlantic cold tongueudses also focused on understanding
individualinterannual warm events in the AngeBenguela region. Rouault et al. (2017) investigated
the processes leading ta particularly strong AngolBenguela warm event in 2011, where sea
surface temperature anomalida the AngolaBenguela front werdarger than 4°CConsistent with
previous Benguela Nifioiey found that this event was generated by a relaxation of tasle winds
in the western equatorial Atlantic, which triggered a strong equatorial Kelvin wave propagating
eastward along the equator and then southward along the southwest African coast. In the equatorial
band, the associated oceaubsurface temperatureanomalieswere detectablein data from the
PIRATA mooring arrand the wave propagation was also evidensitellite sea surface height data
In contrast to previous Benguela Nifiloswever, the initial propagation of suburface temperature
anomalies ang the equator starteckarlier in the yearif Octobe) and the associated warming in
the Angolan Benguela Front Zoalksofollowed earlier- in November 2010.

A strong but shortived warm eventn the AngolaBenguela region occurreid January 2016
with sea surface temperature anomalies reaching. 8ibbecke et al. (2017) showed that tinarm
event, however, was not linked to equatorial Kelvin wave propagatiostead, their analysis
suggested that a shallow layer of warm and fresh surface water agv®cted poleward by
southward surface currents, consistent with a weakening of the southerly wiitis southward flow
also carried low salinity surface waters southward that weaeised by excess gmipitation and
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enhanced Congoiver outflow. The frels water surface cap teto enhanced stratification below the
mixed layer. Additionally, the fresh water anomaly formeéedrrier layes that inhibited the
entrainment of cool subsurface waters into the surface mixed layer, thus supporting the
development ofa surface warm anomaly

The individual contributions are summaries below.
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Sea Surface Salinity signature of the interannual climatic modes in the Tropical Atlantic
Mesmin Awd? Gaél Alor§; Thierry Delcrofx Casimir Dallad&, Julien JouanrfoEzinvBaloitcha

International Chair in Mathematicahipsics and Applicationslniversity of AbomeyCalaviUAC),
Cotonou, Bain

I 02N G2ANB RQ; dzRS Sy DS2LKeé&aAljdzS SG hOSIy23aNy
%Laboratory for Ocean Physics and Sageli#mote sensingBrest, France

The impact of the tropical Atlantic meridional and equatorial modes on sea surface salinity (SSS) is
investigated usingn situdata and model simulations. Results indicate the existence of a meridional
SSS dipole in the egtorial regionduring boreal springSrong SSS anomalies in north and south
west tropical Atlantic and off Congo Riae related to the meridional modéFig.1). Moreover, the
results also indicate strong SSS anomalies in the equatorial band, northaatidwest tropical
Atlantic, related to the equatorial moda boreal summerUsing mixedayer salt budgetalculations

from numerical simulationsthe oceanic and atmospherprocesses responsible for thesignatures

were investigated For the meridioal mode, changes in fresh water flux explain the observed
equatorial dipole while the signature in north and south west regions is explained by horizontal
advection(Fig.1). For instance, during a positiyphase of themeridional mode, the northward shift

of the ITCZs related to enhanced precipitationorth of the equatorwhere SSSubsequently
decreases, and legwecipitation occurssouth of the equatorwhere SSS increases. Moreover, the
strengthening of the North Brazil Current carries relatively Hregters from the mouth of the
Amazon River northward while the Brazil Current also carries relatively fresh waters southward. Off
Congo River, the signature is mainly due to meridional advection by the Angola Current south of the
Congo outflow located &°S and vertical advection north of this latitudkar the equatorial moden

boreal summer (not shown)oth fresh water flux and horizontal advection explain the observed
signature in the north tropical region. Indeed, during a positive equatorial mib@depresence of a
strong mean meridional SSS gradient in this region favors the southward advection of salty waters
from the northern subtropical gyre into the region around 10°N. Also, the southward shift of the ITCZ
brings more rain into the region arodrb°N where SSS then decreases, and less rain in around 10°N
where SSS increases. However, in the south equatorial region, the signature is explained by the
combined subsurface contribution of vertical advection and diffusion at the base of mixed layer.

FHg. L Modeled salinity
anomalies associated with
the meridional mode in pst
per month (upper left), the
salinity tendency of the
mixed layer (upper right),
salinity anomalies due to
atmospheric fluxes (midel

_ left), due to horizontal

. advection (middle right) an
- due to vertical advection
and mixing (lower panel).
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Reuvisiting the cause of the eastern equatorial Atlantic cold event in 2009
Kristin Burmeistéer Peter Brandt?, and Joke F. bbecké?
! GEOMAR Helmholtz Centre for @oeResearch Kiel, Kiel, Germany

2 ChristianrAlbrechtsUniversita zu Kiel, Kiel, &many

An extreme cold sea surface temperature event occurred in the Atlantic cold tongue redioread
summer 2009. It was preceded by a strong negative Atlantic meridional mode event associated with
north-westerly wind anomalies along the equator fiitoMarch to May. Although classical equatorial
wave dynamics suggest that westerly wind anomalies should be followed by a warming in the
eastern equatorialAtlantic, an abrupt cooling took place. In the literature two mechanisms
meridional advection of sulbsface temperature anomalies and planetary wave reflectioare
discussed as potential causes of sucheaent. Here, for the first time we use in situ measurements

in addition to satellite and reanalysis productsitwestigate the contribution of both méanisms to

the 2009 cold event. Our results suggest that meridi@dlection is less important in cold events
than in corresponding warm events, and, in particular, did caise the 2009 cold event. Argo float
data confirm previous findings that planeyawave reflection contributedo the onset of the 2009

cold event(Fig. 2) Additionally, our analysis suggests that higher baroclinic mages involved.

(a) 3°N-6°N (b) 1°5-1°N (c) 3°N-6°N (d)1 °5-1° N
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Fig. 2:Anomalies of (a, b) AVISO SLA and (c, d) gridded Argo Z20 for the year 2009 withadhpect
climatological mean (20@2012), averageéh the latitude bands (a, c) 328°N, and (b, d) 1%&°N.

The daily SLA data were smoothed by a 20 day running mean filter. Monthly means of Argo Z 20 data
were linearly interpolated onto a 1horizontal resolution grid. The blackdashed lines represent
estimated propagation velocities oh¢ negative anomalies of (ap.70ms?, (b) 1.36ms’, (c)
-0.43ms*, and (d) 1.05n s™.



EU FP7 603521 Enhancing prediction of tropical Atlantic climate and its impa€&isliverable

On the seasonal variations of salinity of the tropical Atlantic mixed laye

IbrahimaCamara? Nicolas KolodziejcA/Kuliette Mignot®? Alban Lazar, and Amadou T. Gaye
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Polytechnique (ESP)niversité Cheikh Anta Diop de DakdCAD, Dakar, Senegal

2LOCEAN Laboratotyniversité Pierre et Marie CurfJPM@Q, CNRS, IRD,MNHN, Paris, France

% Climate and Environmental Physics, Physics Institute, Oeschger Centre of Climate Change Research,
University of Bern, Bern, Switzerland

The phwical processes controlling the mixed layer salinity (MLS) seasonal budget in the tropical
Atlantic Ocean are investigated using a regional configuration of an ocean general circulation model.
The analysis reveals that the MLS cycle is generally weakmpacison of individual physical
processesntering in the budget because of strong compensation. In evaporative regions, around
the surface salinitymaxima, the ocean acts to freshen the mixed layer against the action of
evaporation(Fig. 3) Poleward of lhe southernSSS maxima, the freshening is ensured by geostrophic
advection, the vertical salinity diffusion and, duringnter, a dominant contribution of the
convective entrainment. On the equatorward flanks of the 8%B&ima, Ekman transport mainly
contributes to supply freshwater from ITCZ regions while vertical satiifftysion adds on the effect

of evaporation. All these terms are phase locked through the effect of the winder the seasonal
march of the ITCZ and in ctal areas affected by rivgr°Sto 15N), the upper oceafreshening by
precipitations and/or runoff is attenuated by vertical salinity diffusion. In the eastern equatorial
regions, seasonal cycle of wind forced surface currents advect freshwaters, which are mixed with
subsurfacesdine water because of the strong vertical turbulent diffusion. In all these regions, the
vertical diffusionpresents an important contribution to the MLS budget by providing, in general, an
upwelling flux of salinitylt is generally due to vertical salipigradient and mixing due to winds.
Furthermore, in the equator wherthe vertical shear, associated to surface horizontal currents, is
developed, the diffusion depends also on gteeared flow stability.

(a) (b)
Y T i, g = Fig.3: Ratio (in %) of (a) May
i to October and (b) Novembe!
#  to April averages of the
» o0ceanic and the atmospheric
% contributions to MLS
=0 variations n the model. (c, d)
. R T « Same as (a) and (b) betweer

@ vertical oceanic and horizont:

- = Oceanic processes. Black
sernons | M. contours lines are ratios of
# 100% and 2100%. White
# contour lines in (c) and (d)
represent mixed layer salinity
_ . = in psu. Hatched areas were
e sy 1Y M not investigaed in the study.
(c) (d)
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Modeled mixedlayer salinity balance in the Giliof Guinea: seasonal and interannual variability
Casimiry.DaAlladd?? Yves du Penho&t, Julien Jouanrfo Gael Alory?® Norbert M. Hounkonnod

! International Chair in Mathematical Physics and Applications, University of AbGaiayi (UAC),
Cotonou, Benin

2 Université de Toulouse; UPS (OMP), LEGOS, 14 Av, EBeliard31400 Toulouse, France
3 L'Institut de recherche pour lééveloppemen{IRD, LEGOS, Toulouse, France
* Departamento de Oceanografia Fisica, CICESE, Ensena@s|Bajaia Mexico

A regional numerical simulation and observations were used to investigate the various processes
controlling mixedayer salinity balance on seasonal and interannual time scales in the Gulf of Guinea.
Processes were quantified using a mitager salt budget. Model results correctly reproduced the
mean, phase, and amplitude of observed seasonal-sadiace salinitfFig. 4) The results indicated

that on seasonal time scales, the mixegter salinity balance differed from one region to another.
The surface salinity seasonal cycle was characterized by strong salinization during May for coastal
areas north and south of the equator. Model results suggested that vertical mixing controls the
mixedayer salinity increase at the equator during May, wHileth vertical mixing and vertical
advection contribute to the salinity increase in coastal regions. We also determined that freshening
from horizontal advection and freshwater flux tended to balance the salinization effects of vertical
diffusion and vertial advection during the seasonal cycle. On interannual time scales, based on the
mixedayer salinity balance and sensitivity experiments, we determined that for the northern and
equatorial Gulf of GuineNGoG and EGoG in Fig. 4, respectivelyangesn nearsurface salinity

were largely due to changes in precipitation and winds. For the southern Gulf of G8Be@ in Fig.

4), only wind changes were determined to be important for explaining 1se#iace salinity changes.
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Importance of the Equatdal Undercurrent on the sea surface salinity in the eastern equatorial
Atlantic in boreal spring.

Casimir YDaAllada?2 Julien Jouanrfo FabienneGaillard, Nicolas KoIodziejcz&lChristophe
Maes, NicolasReu?, and Bernard Bourés

'IRD/LOPS, IFRER, CNRS, IUEM, University of Brest, Brest, France,

2 LHMC/IRHOB, IRD, Cotonou, Benin,

¥ ESTBR/UNSTIMbomey, Benin,

*LEGOS, Universit e de Toulouse, CNES, CNRS, IRD, UPS, Toulouse, France,
®|IFREMER/LOPS, CNRS|URIN, University of Brest, BreSrance,

®JUEM/LOPS, IFREMER, CNRS, IRD, University of Brest, Brest, France,

" L'Institut de recherche pour le développement (IRIBGORBrest, France

The physical processes implied in the sea surface salinity (SSS) increase in the ediiatdraCold
Tongue (ACT) region during boreal spriRgy. 5)and the lag observed between boreal spring SSS
maximum and sea surface temperature (SST) summer minifigm 5)are examined using mixed
layer salinitybudgets computed from observations and modelridg the period B10¢2012. The
boreal spring SSBaximum is mainly explained by an upward flux of high salinity originating from the
core of the EquatoridUndercurrent (EUC) through vertical mixing and advection. The vertical mixing
contribution to the mkedl ayer salt budget peaks in AptMay. It is controlled primarily by (i) an
increased zonal shear between tearface South Equatorial Current and the subsurface EUC and (ii)
the presence of a strong salinity stratificatiahthe mixedlayer base fronDecember to May. This
haline stratification that is due to both high precipitatiobslow the Inter Tropical Convergence Zone
and zonal advection of lowalinity water from theGulf of Guinea explains largely the seasonal cycle
of the vertical advection auribution to the mixedlayer salt budget. In the ACT region, the SST
reaches its maximum in March/April and minimum in July/Auglifis SST minimum appears 1
month after the maximum of SSS. The 1 month lag observed betweemalenum of SSS in June
andthe minimum of SST in July is explained by the shallowing of the EUC saligiip June, then

the weakening/erosion of the EUC in Jgdely which dramatically reduces the lategibsurface
supply of higksaline waters.

Fig.5: SatelliteSST distribution
during July showing the spatial
extend of the equatorial Atlantic
Cold tongue (ACT) region (uppel
panel). Contours represent 23°,
24°, and 8°C isotherms. Lower
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Diapycnal heat flux and mixalayer heat budget within the Atlantic Cold Tongue
Rebecca HummélsMarcus Denglér Peter Brandt Michael Schiundt
! GEOMAR{elmholtz Centre for Ocean Research, k@] Germany

Sea surface temperatures (SSTs) in the eastern tropical Atlantic @wsmlcior climate variability
within the tropical belt. Despite this importance, stadéthe-art climate models show a large SST
warm bias in this region. Knowledge about the seasonal mixed layer (ML) heat budget is a
prerequisite for understanding SST amestate and its variability. Within this study all contributions

to the seasonal ML heat budget are estimated at four locations within the Atlantic cold tongue (ACT)
that are representative for the western (0°N, 23°W), central (0°N, 1694\6) and eastrn (0°N, 0°E)
equatorial as well as the southern (10°S, 10°W) ACT. To estimate the contribution of the diapycnal
heat flux due to turbulence an extensive data set of microstructure observations collected during 10
research cruises between 2005 and 2012rialyzed. The results for the equatorial ACT indicate that
with the inclusion of the diapycnal heat flux the seasonal ML heat budget is baléfiges). Within

the equatorial region, the diapycnal heat flux is essential for the development of the ACT. |
dominates over all other cooling terms in the central and eastern equatorial ACT, while it is of similar
size as the zonal advection in the western equatorial ACT. In contrast, the SST evolution in the
southern ACT region can be explained entirely bygedr heat fluxes
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Fig.6: Individual heat flux contributions (left panel) to the mixed layer heat budget on the equator at
10°W ¢olor code explained in the legendyertical red lineglenote 95 % confidence limits for the
diapycnal heat flux. Thaght panelshows the sum of the individual flux contributions withogt«y)

and with fed) the diapycnal mixed layer heat flux; observed heat tendency is indicated thlable

line. Lightgrey shading and light red shadidgnotes95 % confidence limits for heat tendency and
the sum of all flux terms including the diapycnal ML heat loss.
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Role of interannual Kelvin wave propagations in the equatorial Atlantic on the Angola Benguela
Current system

Rodrigue Anicet Imbol Koungtfe Seena lllid=, Mathieu Rouauft?
! Department of Oceanography, MARE Institute, University of Capa, Cape Town, South Africa

2 NansenTutu Centrefor Marine Environmental Research, Department of Oceanography, University
of Cam Town, Cape Town, Southrida
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The link between equatorial Atlantic Ocean variability and the coastal regidmgdlaNamibia is
investigated ainterannual time scales from 1998 to 2012. An index of equatorial Kebae activity

is defined based on Prediction and Research Moored Array in the Tropical Atlantic (PHR&TA).

the equator, results show a significant correlation between interahRIRATA monthly dynamic
heightanomalies, altimetric monthly sea surface heighbmalies (SSHA), and SSHA calculated with
an Ocean Linear Model. This allows us to interpret PIRATA records in terms of equatorial Kelvin
waves.Estimated phase speed of eastrd propagations from PIRATA equatorial mooring remains in
agreementwith the linear theory, emphasizing the dominance of the second baroclinic mode.
Systematic analysis of alfong interannual equatorial SSHA shows that they precedi;Bynonths
extreme interannual seawsface temperature amomalies along the African coaéEig. 7) which
confirms thehypothesis that major warm ancbld events in the AngolBenguela current system are
remotely forced by ocean atmosphere interactiois the equatorial Aflntic. Equatorial wave
dynamics is at the origin of their developments. Wind anomatfiethe Western Equatorial Atlantic
force equatorial downwelling and upwelling Kelvin waves that propagastward along the equator

and then poleward along the Africaspast triggering extreme warm and coddents, respectively

(Fig. 7) A proxy index based on linear ocean dynamics appears to be significantly more correlated
with coastal variability than an index based on wind variability. Results show a seasona) pivithin
significantly higher correlations between our equatorial index and coastal SSTA in Q&jwiler
season.
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Equatorial Atlantic interannual variability and its relation to dynamic and thermodynamic
processes

Julien Jouanmnp Olga Hernandéz, Emilia Sanche@ome?, and Bruno Derembfe
L LEGOS, Université de Toulouse, CNEBSCIRD, UPS, Toulouse, France

2 Mercator-Océan, Ramonville Saint Agne, France

3 CECI/CERFACS, Toulouse, France

* Laboratoire de Météorologie Dynamique, Paris, France

The contributions of the dynamic and thermodynamic forcing to the interannual vanabilithe
equatorial Atlantic sea surface temperature are investigated using a set of interannual regional
simulations of the tropical Atlantic Ocean. The ocean model is forced with an interactive atmospheric
boundary layer, avoiding damping toward presedhairtemperature as is usually the case in forced
ocean models. The model successfully reproduces a large frad®dh (n ®pp0 2F (GKS
interannual variability in the equatorial Atlantic. In agreement with leading theories, our results
confirm tha the interannual variations of the dynamical forcing largely contributes to this variability.
We show that mean and seasonal upper ocean temperature biases, commonly found in fully coupled
models, strongly favor an unrealistic thermodynamic control of Bggiatorial Atlantic interannual
variability.
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Mixed layer heat andsdt budget and Equatorial Underarent dynamics in the tropical Atlantic
from a joint modelobservations approach
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Climatological mixed layer heat arsélt budget terms derived from a NEMO 1/4° forced model
simulation and from a PREFACE observdimsed product are compared in the eastern tropical
Atlantic. Mean spatial patterns of mixed layer depth, 88@ SSS are in good agreement despite
some local biases. For the annual mean heat balance, atmospheric fluxes are quite different along
the coasts, while horizontal advection mostly differs around the equata@yb® due to the low
resolutionof the obsenrations (2.5°) that cannot resolve small meridional scales. The seasonal heat
balance is compared in boxes off Angola, in the northeast Gulf of Guinea and in the Atlantic cold
tongue. Seasonal variations of heat fluxes are correlated except in the laswhi, advection is
everywhere poorly correlated. For the annual mean salt balance, model and observations show
similar freshwater fluxes, with larger spatial contrasts in the model, while advection mostly differs
around the ITCZ. In the Benguela regiondel and observations roughly agree on freshwater fluxes
and advection seasonal variations. Off Angola, SSS variaienancorrelated. The observation
basedproduct does not explicitly resolve vertical diffusion,iaportant process for the heat arsht
balance in the Gulf of Guinea.

The seasonal characteristics of the simulated EUC transport are compared to observations based on
cruises and moorings at 23°W. In the model, the EUC transport is slightly larger than observed on
average, while its seasohaycle is of comparable amplitude and shows a maximum around
September and minimum in November, leading the observations by one month. The maximum
velocity is also biased high but seasonal cycles are consistent and roughly phased with the transport
seasoml cycle. The EUC core in the model is shallower than observed but with a similar seasonal
cycle and coinciding maxima in depth and transport. Its latitudinal position is more south of the
equator, with a seasonal cycle opposite in phase and larger thaerebd. A test simulation with
interannual wind forcing but climatological fluxes forcing is compared to the reference simulation to
identify the respective role of dynamic and thermodynamic forcing on the EUC characteristics, in
particular its salinity mamum.

15



EU FP7 603521 Enhancing prediction of tropical Atlantic climate and its impa€&isliverable

The Angola Current: Flow and hydrographic characteristics as observed at 11°S
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The eastern boundary circulation off the coast of Angola has beerridedanly sparsely talate,
although it is a key element in the understanding of the highly productive tropical marine ecosystem
off Angola. Here, we report for the first time direct velocity observations of the Angola Current (AC)
at 11°S collected betwen July 2013 and October 2015 in theptterange from 45 to 450 m. The
measurements reveal an alongshore flow that is dominated by intras@hsorseasonal variability
with periodically alternating southward and norttard velocities in the range of +40cms™. During

the observation period, a wdasouthward mean flow of & cms™ at 50 m depth is observed, with

the southward current extending down to about 200 m depth. Corresponding mean southward
transport of the AC is estimated to be 0.32/- 0.06Su An extensive set of hydrographic
measurements is used favestigate the thermal structure and seasonality in the hydrography of the
eastern boundary circulatio(Fig. 9) Within the depth range of the AC, the superposition of annual
and semiannual harmmics explains aignificant part of the total variability, although salinity in the
near surface layer appears to be also impactad interannual variability and/or shorterm
freshening events. In the central water layer, temperature aatlihity on isopgnals vary only weakly

on seasonal to annual time scales. The available data set is funget to evaluate different
NBIylIfeadaArd LINPRdzOGA LI NI AOdzZ I NI &8 RodeRSTdiasesiin/ 3
the Eastern Tropical Atlantic.

Fig.9: Seasonal distribution of
potential temperature a) and
salinity c) derived from available
hydrographic measurements at
11°S. Sampling times relative to
the calendar year are indicated ¢
the top. Blackihes represent
isopycnals.
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