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RESUMO

Este trabalho descreve a variabilidade de plumas derivadas de
grandes descargas fluviais do Atlantico Tropical, explorando a importan-
cia da precipitacdo e das correntes oceénicas na manutencao e intruséo
destas estruturas. Dados satelitarios de salinidade SMOS sdo combinados
com dados hidrograficos historicos e séries temporais das boias PIRATA
para comparagdo com trés produtos de modelagem oceénica (OFES,
HYCOM e C-GLORS).

A avaliacdo dos produtos de reanalise ilustra melhor desempe-
nho para 0 C-GLORS no Atlantico Tropical. O qual foi selecionado para
0 estudo das plumas.

Sec0es hidrograficas historicas ilustraram trés situac@es distin-
tas com a formacéo de camadas superficiais de baixa salinidade. Na secéo
44°W, a estrutura observada foi formada pela intruséo da pluma do Ama-
zonas através da Contracorrente Norte Equatorial (NECC), com contri-
buicdes significativas de nlcleos de precipitacdo na sua porcao distal. Na
secao de 35°W as dguas de baixa salinidade encontradas foram associadas
a um nucleo de precipitagdo. Por fim, na secdo a 28°W, uma cunha de
aguas relativamente frescas e 75 m de profundidade foi associada a intru-
sdo de aguas do Golfo da Guiné, advectadas pelo ramo norte da Corrente
Sul Equatorial (nNSEC).

A reanélise C-GLORS possibilitou a descri¢do sazonal e interanual das
intrusGes da pluma do Amazonas e das dguas do Golfo da Guiné relativa-
mente fresca. A intrusdo da pluma do Amazonas pela NECC inicia em
julho, atingindo uma posicdo média de 42°W entre outubro e setembro.
J& a intrusdo de &guas frescas da costa Africana atinge a longitude média
de 26°W entre maio e outubro.

A variabilidade interanual destas intrusdes € significativa e por vezes as
plumas geradas na costa Africana e Americana se encontram formando
uma Unica banda zonal de baixa salinidade a 8°N. A banda zonal perma-
nece por cerca de dois meses, possui um periodo de recorrénciade 2 a 6
anos, sendo observada nos anos de 1997, 2000, 2006, 2008, 2011 e 2012.
Sua formacdo ndo € significativamente correlacionada com a descarga



fluvial ou a precipitacdo, mas esta relacionada a variabilidade do sistema
de correntes zonais dirigidas pelo vento.

Keywords: Atlantico Tropical, Rio Amazonas, Contra Corrente Norte
Equatorial (NECC), Rio Congo, ramo norte da Corrente Sul Equatorial
(nSEC), Zona de Convergéncia Intertropical, ITCZ.



ABSTRACT

This paper describes the variability of plumes derived from
large river discharges of the Tropical Atlantic, exploring the importance
of precipitation and ocean currents in the intrusion and maintenance of
these structures. Satellite salinity data from SMOS are combined with his-
torical hydrographic data and temporal series of PIRATA buoys for com-
parison with three oceanic reanalysis products (OFES, HYCOM and C-
GLORS). The evaluation of these models suggests a better performance
for C-GLORS in the Tropical Atlantic. The correlation with PIRATA
buoys is r=0.98 for surface temperature and r=0.95 for salinity, with a
mean squared error (RMSE) smaller than 0.24. The C-GLORS reanalysis
was selected for further exploration of oceanographic as scenarios it ade-
quately represented the thermohaline structure.

Historical hydrographic sections described three distinct situa-
tions with the formation of low salinity superficial layers. At 44°W, the
observed structure was formed by the intrusion of Amazon plume through
the North Equatorial Countercurrent (NECC), with significant contribu-
tions of precipitation on the plume for field.

At 35°W, the low salinity waters detected by ship data was at-
tributed to freshwater derived from precipitation. Finally at 28°W, a fresh
water wedge found between 0 and 10°N up to 75 m depth was linked to
the intrusion of Gulf of Guinea's river and precipitation waters, advected
by the northern branch of the South Equatorial Current (nSEC).

The C-GLORS reanalysis enabled the description of the sea-
sonal and year-to-year variability of the Amazon plume and the Gulf of
Guinea's freshwaters intrusions. The intrusion of the Amazon plume by
NECC starts in July and reaches the average position of 42°W between
October and September. The intrusion of freshwaters from the African
coast reaches an average longitude of 26°W between May and October.

The interanual variability of these intrusions is significant and
sometimes they meet to form a continuous low salinity zonal band be-
tween 4°and 8°N. This band last up to two months, has a return period of
2 to 6 years and has been observed in 1997, 2000, 2006, 2008, 2011 and



2012. Its formation is not significantly correlated to the river discharge or
precipitation. The freshwater zonal band formation seems to be attributed
to the variability of wind-driven zonal currents.

Keywords: Tropical Atlantic, Amazonas River, North Equatorial, Coun-
tercurrent (NECC), Congo River, South Equatorial Current (nSEC),
ITCZ.
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FIGURAS DA INTRODUGAO GERAL

Figura 1. (A) Salinidade superficial média para 0 més de Agosto de
2014 derivada do produto satelitario SMOS, ilustrando a dispersdo de
descargas fluviais do Atlantico Tropical. Cores representam salinidade
superficial com isohalinas de 33.5 e 35. S1, S2 e S3 indicam os
transectos hidrograficos TACE explorados neste trabalho (Tabela 1).
Boias PIRATA utilizadas estdo indicadas por pontos pretos, a boia
8°N, 38°W por um quadrado branco. (B) A descarga dos rios ocorre
em uma regido de intensas correntes zonais dirigidas pelo vento,
indicadas por setas brancas para primavera austral (Stramma, et al.,
2009). A Corrente Sul Equatorial (SEC) faz parte do Giro Subtropical
do Atlantico Sul. Seu ramo sul (sSEC) da origem a Subcorrente Norte
do Brasil NBUC), que flui ao longo da costa formando a Corrente
Norte do Brasil (NBC). Na primavera austral a NBC aumenta seu
transporte e inicia o processo de retroflexdo (Geyer et al., 1996;
Casteldo and Johns, 2011). Parte do escoamento segue para o Caribe,
outra parte alimenta a Contra Corrente Norte Equatorial (NECC) a
8°N. A NECC faz parte do giro equatorial, formado pela Corrente da
Guiné (GC), que contorna a costa Africana no sentido horério
(Stramma e Schott, 1999). A parte sul deste giro é formada pelo ramo
norte da Corrente Sul Equatorial (nSEC) que flui para oeste a ~4°N.
Parte do fluxo da nSEC delete-se para oeste retroalimentando a
NECC. No painel (B) a média mensal de precipitacdo derivada do
produto ECMWF esté ilustrada em cores. Os retdngulos mostram as
regides Al, A2 e A3 utilizadas para calcular a precipitacdo integrada.

Figura 2. Figura mostrando o transporte da Corrente Norte do Brasil
(NBC), a direcdo média dos ventos ao longo do ano na regido da foz
do Rio Amazonas, a vazdo média mensal da descarga do Rio
Amazonas e a orientacdo da linha de costa na regido do Amazonas.
Nota-se que no primeiro semestre do ano ocorre o pico de vazéo do
Amazonas, 0s ventos atuam perpendicular a costa e o transporte esta
baixo. No segundo semestre do ano a descarga do rio Amazonas esta



diminuindo, os ventos mudam de direcdo atuando os alisios de
Sudeste, a NBC aumenta seu transporte e ocorre 0 processo de
retroflexdo, onde parte do seu fluxo alimenta a NECC. (Adaptado de
NItErOUEE, 1996). . ..ccvieiieeie e e 23

Figura 3. O painel A mostra o padrdo de correntes para o periodo de
primavera no hemisfério norte (outono no hemisfério sul). Ainda neste
painel percebemos que neste periodo ndo ha retroflexdo da NBC e o
giro da guiné encontra-se retraido & costa da Africa. O painel B ilustra
0 padrdo de correntes para o periodo de outono no hemisfério norte
(primavera no hemisfério sul). Observamos que neste periodo ocorre
a retroflexdo da NBC e o giro da guiné se estende para o interior do
oceano. (Figuras extraidas de Stramma et al., (1999)).........ccccuvenee. 25

Figura 4. Imagens de satélite mostrando a foz do Rio Congo (painel
superior) e a foz do Rio Amazonas (Painel Inferior). Créditos:
NASA/JUSGS. ..ot 29

Figura 5. Figura mostrando o desvio padrao de salinidade para 0 més
de agosto de 2013, assim como as principais correntes da regido
proximo a foz do Rio Congo e Golfo da Guiné: ramo norte da Corrente
Sul Equatorial (SEC), Corrente da Angola (AC), Corrente Costeira da
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1. INTRODUCAO GERAL

O encontro de aguas estuarinas com aguas oceanicas frequen-
temente formam intensos gradientes de densidade e correntes (Garvine,
1999). O desenvolvimento destas estruturas envolve o "espalhamento” de
aguas estuarinas menos densas sobre aguas oceanicas de maior densidade.
Por serem flutuantes, tais estruturas formadas pela drenagem continental
sdo comumente chamadas de plumas costeiras (Garvine, 1995). A dina-
mica destas fei¢Oes é controlada pelos ventos, descarga fluvial e correntes
ambientes (Lentz and Largier, 2006). Tais forcantes controlam o trans-
porte das dguas e também os processos de mistura da pluma com as mas-
sas de agua circunvizinhas, podendo levar a sua completa disperséo. Plu-
mas alteram a estratificacéo vertical ocednica, e assim interfem nas trocas
de calor e umidade com a atmosfera. Elas também transportam matéria e
energia para regides remotas, as quais ndo seriam realizadas com facili-
dade por outros processos oceanograficos.

A estratificacdo halina causada por plumas pode levar a forma-
¢8o da Camada Barreira (Pailler, 1999). Caracterizada por uma forte pic-
noclina préximo a superficie e que age como um obstaculo, ela inibe as
trocas turbulentas da superficie com aguas profundas. Como consequén-
cia, plumas em superficie podem acumular calor, também apresentando
anomalias positivas de temperatura.

A Figura 1a ilustra a média do campo superficial de salinidade
para 0 més de agosto de 2012, derivados do produto satelitario SMOS
(Kerr et al., 2010). Nesta figura é notavel a presenca de bandas de agua
fresca proximo a foz de grandes rios como o Rio da Plata (35°S), Ama-
zonas (0°) e Congo (4°S). Ainda neste painel é possivel verificar duas
plumas de baixa salinidade direcionadas para o interior do oceano na re-
gido Equatorial, onde em alguns pode formar uma Unica banda de baixa
salinidade préximo a 8°N. A Figura 1b ilustra o padrdo de precipitacdo
acumulada do mesmo periodo. Entretanto é dificil aferir a contribuicéo
relativa de cada descarga ou mesmo da precipitacdo na formacéo da
grande banda de baixa salinidade que atravessa o Atlantico em 8°N. con-
tudo, veremos neste estudo que a formacao desta banda zonal ndo é um
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fendmeno isolado e que pode ocorrer periodicamente, com potencial im-
pacto sobre as trocas de calor e presumivelmente o clima.

Diante disso, esta pesquisa buscou contribuir para uma melhor
descricdo do comportamento e dindmica de formacéao desta grande banda
zonal de baixa salinidade, investigando como diferentes processos contri-
buem para sua formagdo.

O trabalho encontra-se dividido em duas partes principais. A
primeira avalia trés produtos de reanalise oceanica contra dados satelita-
rios e hidrograficos, a fim de selecionar um produto para a investigacao
de processos oceanograficos.

Os dados satelitarios sdo derivados da missdo SMOS (Kerr et
al., 2010), os quais fornecem dados de salinidade e precipitacdo sobre 0s
oceanos. Os perfis hidrograficos de correntes (ADCP), temperatura e sa-
linidade (CTD) sdo oriundos de cruzeiros historicos realizados pelo Tro-
pical Atlantic Climate Experiment (TACE). Também séo utilizadas séries
de salinidade e temperatura coletados através de boias oceanograficas do
projeto PIRATA (Bourless et al., 2008).

Os modelos avaliados referem-se ao produto de Reanalise
Oceénica do HYCOM (Hybrid Coordinate Ocean Model) (Wallcraft et
al., 2009), o OFES (Ocean Global Circulation Model for the Earth Simu-
lator) (Masumoto et al., 2004), e C-GLORS versdo 4 (Storto et al., 2016).

A segunda parte da investigacdo consiste em utilizar os resul-
tados da melhor reandlise oceanica para estudar a dindmica, a variabili-
dade sazonal e interanual da banda zonal de baixa salinidade.

Nas proximas secOes serdo descritos o padrdo de vazdo dos
principais rios do Atlantico, o padrdo de precipitacdo na regido equatorial,
e as principais correntes equatoriais que direcionam e transportam as
aguas frescas derivadas dos grandes rios.

20
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Figura 1. (A) Salinidade superficial média para 0 més de Agosto de 2014
derivada do produto satelitario SMOS, ilustrando a dispersdo de descar-
gas fluviais do Atlantico Tropical. Cores representam salinidade superfi-
cial com isohalinas de 33.5 e 35. S1, S2 e S3 indicam os transectos hidro-
graficos TACE explorados neste trabalho (Tabela 1). Boias PIRATA uti-
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lizadas estdo indicadas por pontos pretos, a boia 8°N, 38°W por um qua-
drado branco. (B) A descarga dos rios ocorre em uma regido de intensas
correntes zonais dirigidas pelo vento, indicadas por setas brancas para
primavera austral (Stramma, et al., 2009). A Corrente Sul Equatorial
(SEC) faz parte do Giro Subtropical do Atléntico Sul. Seu ramo sul
(SSEC) da origem a Subcorrente Norte do Brasil NBUC), que flui ao
longo da costa formando a Corrente Norte do Brasil (NBC). Na primavera
austral a NBC aumenta seu transporte e inicia o processo de retroflexdo
(Geyer et al., 1996; Casteldo and Johns, 2011). Parte do escoamento segue
para o Caribe, outra parte alimenta a Contra Corrente Norte Equatorial
(NECC) a 8°N. A NECC faz parte do giro equatorial, formado pela Cor-
rente da Guiné (GC), que contorna a costa Africana no sentido horario
(Stramma e Schott, 1999). A parte sul deste giro é formada pelo ramo
norte da Corrente Sul Equatorial (nSEC) que flui para oeste a ~4°N. Parte
do fluxo da nSEC delete-se para oeste retroalimentando a NECC. No pai-
nel (B) a média mensal de precipitacdo derivada do produto ECMWF esta
ilustrada em cores. Os retdngulos mostram as regides Al, A2 e A3 utili-
zadas para calcular a precipitacdo integrada.

1.1. DESCARGAS FLUVIAIS

O Oceano Atlantico Equatorial € um receptor de grandes des-
cargas fluviais, principalmente na faixa entre 15°N e 15°S. Cinco das mai-
ores descargas de agua doce do mundo estdo localizada nesta regido do
oceano e sdo mostradas na Tabela 1.

Tabela 1. Tabela mostrando as maiores descargas no Atlantico Tropical
(Dai and Trenberth, 2002).

Rio Descarga (m3 s-1)

Amazonas/Tocantins 229.994
Zaire 41.082
Orinoco 35.930
Niger 5.769
Sanaga 3.127
Total 235.769
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O Rio Amazonas € a maior descarga fluvial do planeta (229.400
m3 s—1) (Dai and Trenberth, 2002). Sua descarga € superior a soma das
préximas seis descargas da lista das maiores do mundo (Pimenta et al.,
2011). De acordo com os dados de vaz&o obtidos na estacdo de Obidos-
PA, localizada a cerca de 700 km a montante da boca do Rio Amazonas,
mostra que este rio tem um pico Unico de vazdo espalhado entre Abril e
Julho (Meade et al., 1991; Nittrouer, 1996) e minima entre outubro e de-
zembro (Figura 2).

O Rio Congo (Zaire) refere-se a segunda maior vazdo do
mundo, com aproximadamente 41.100 m3 s—1. Sua maxima vazao ocorre
nos meses de novembro e dezembro e a minima acorre entre junho e
agosto (Dai and Trenberth 2002). Sua descarga é responsavel por grande
variabilidade da salinidade superficial do Golfo da Guine (Signorini et al.
1999). A terceira maior vazdo do mundo é a do Rio Orinoco, com apro-
ximadamente de 36.000 m3 s—1, com grande variabilidade anual (Dai and
Trenberth 2002). O pico de vazdo ocorre entre agosto e setembro, quando
a precipitacdo sobre a América do Sul se concentra ao norte do Equador
(Dai and Trenberth 2002). O Niger e Sanaga possuem menores vaz0es,
apresentadas na Tabela 1.

Média mensal do stress dos ventos

NBC

Retroflexio m—

300

200

100

Descarga (10° m3s™)

NBC Transporte (108 m3 s™)

Figura 2. Figura mostrando o transporte da Corrente Norte do Brasil
(NBC), a direcdo média dos ventos ao longo do ano na regido da foz do
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Rio Amazonas, a vazdo média mensal da descarga do Rio Amazonas e a
orientacdo da linha de costa na regido do Amazonas. Nota-se que no pri-
meiro semestre do ano ocorre o pico de vazdo do Amazonas, 0s ventos
atuam perpendicular a costa e o transporte esta baixo. No segundo semes-
tre do ano a descarga do rio Amazonas esta diminuindo, os ventos mudam
de dire¢do atuando os alisios de Sudeste, a NBC aumenta seu transporte
e ocorre 0 processo de retroflexdo, onde parte do seu fluxo alimenta a
NECC. (Adaptado de Nittrouer, 1996).

1.2. SISTEMA DE CORRENTES EQUATORIAIS

A descarga dos rios equatoriais ocorrem em uma regido de in-
tensas correntes zonais dirigidas pelo vento (Pond and Pickard, 1992).
Stramma, et al., (1999) descreveram o sistema de correntes equatoriais
para o periodo de primavera e outono no hemisfério norte, e de maneira
geral a Corrente Sul Equatorial, que faz parte do Giro Subtropical do
Atlantico Sul (SEC), no seu ramos sul (SSEC) da origem a Subcorrente
Norte do Brasil (NBS). Essa corrente flui ao longo do NE do Brasil e em
seguida forma a Corrente Norte do Brasil (NBC) (Figura 3).

A NBC ¢é mais intensa durante a primavera (SON) e verdo (DJF) aus-
tral (Geyer, 1996; Nittrouer, 1996) (Figura 2). Neste periodo, a NBC au-
menta seu transporte e inicia o processo de retroflexdo e emissao de vor-
tices. Parte do escoamento da NBC segue em direcdo ao Caribe e outra
alimenta a Contracorrente Norte Equatorial (NECC). A NECC é uma cor-
rente zonal dirigida pelo vento que flui aproximadamente ao longo da la-
titude de 8°N. Ela faz parte de um giro equatorial, formado pela Corrente
da Guiné (GC), a qual contorna a costa do Golfo da Guiné, no sentido
horério (Figura 3a). O ramo sul deste giro é formado pela Corrente Sul
Equatorial no seu ramo Norte (nSEC), que flui aproximadamente a 4°N.
Parte do fluxo da nSEC deflete-se para oeste, retroalimentando a NECC
e em seguida a GC. Outra parte da nSEC atravessa o Atlantico e segue no
sentido ao Caribe, juntando-se a NBC.
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Figura 3. O painel A mostra o padrdo de correntes para o periodo de pri-
mavera no hemisfério norte (outono no hemisfério sul). Ainda neste pai-
nel percebemos que neste periodo ndo hé retroflexdo da NBC e o giro da
guiné encontra-se retraido a costa da Africa. O painel B ilustra o padrio
de correntes para o periodo de outono no hemisfério norte (primavera no
hemisfério sul). Observamos que neste periodo ocorre a retroflexdo da
NBC e o giro da guiné se estende para o interior do oceano. (Figuras ex-
traidas de Stramma et al., (1999)).

1.3. PADROES DE PRECIPITACAO

A regido onde ocorre a formagéo da banda zonal de baixa sali-
nidade estd em uma faixa de latitude de intensa precipitacdo, devido a
Zona de Convergéncia Intertropical (ICTZ). A ITCZ é considerada o sis-
tema gerador de precipitagdo mais importante sobre a regido equatorial
dos oceanos. No Atlantico, ela migra latitudinalmente de 14°N a 2°S e
pode ultrapassar essa faixa em alguns anos. Sua posi¢cdo mais ao norte
ocorre nos meses de agosto e setembro e mais ao sul em marco e abril
(Cavalcante et al., 2009). Sua posi¢do a norte coincide com a intruséo das
aguas da pluma do Amazonas na NECC. A precipitacdo integrada na area
A3 da Figura 1b é comparavel a soma das descargas dos principais rios
que desaguam no Atlantico Tropical (Dai and Trenberth 2002).
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1.4. PADROES DE DISPERSAO DAS PLUMAS

Duas das maiores vazdes de agua doce do mundo desaguam no
Oceano Atléntico, o Rio Amazonas no Leste e o Rio Congo no Oeste (Fi-
gura 1 e Tabela 1). Suas vazdes formam extensas plumas de agua fresca
que espalham-se pelo Atlantico Equatorial (Figura 4). Essas plumas for-
madas diferem significativamente de plumas formadas nas regides tem-
peradas e polares. As diferencas primarias sdo que em baixas latitudes ha
relativamente alta e estavel radiacdo solar, temperatura, precipitacdo e es-
coamento dos rios. Em adic¢do, os ventos sdo dominados pelos ventos ali-
sios (Nittrouer, 1996).

Um dos primeiros estudos sobre a disperséo da Pluma do Ama-
zonas foi realizado no final da década de 80. Utilizando imagens de saté-
lite (Coastal Zone Color Scanner, CZCS) para monitorar as concentracdes
de pigmentos fitoplanctonicos oriundos da descarga do Rio Amazonas.
Muller-Kager et al., (1988) descreveram um padréo de dispersao variavel
entre o primeiro e 0 segundo semestre do ano. No primeiro semestre, uma
faixa de alta concentracéo de pigmentos com largura de aproximadamente
150 km ao longo da costa, estende-se da desembocadura do Rio Amazo-
nas até o Caribe. No segundo semestre as dguas da pluma sdo transporta-
das para a regido equatorial do Atlantico.

Lentz, (1995) e Nittrouer, (1996) reuniram dados de direcédo e
intensidade dos ventos, fluxo da NBC, descarga do Rio Amazonas e es-
tacGes hidrogréficas para tentar explicar esse padrdo de disperséo. Perce-
beram que o periodo de retroflexdo da pluma do Amazonas coincidia com
0 maximo fluxo da NBC, entretanto com lag de dois meses da maxima
descarga do Amazonas. Lentz, (1995) identificou a formacdo de uma pis-
cina de 4gua fresca na boca do Rio Amazonas e atribuiram seu aprisiona-
mento aos intensos ventos aliseos de noroeste (perpendicular e contra a
foz do Rio Amazonas). Na segunda metade do ano a ITCZ migra para
norte e 0s ventos alisios mudam de direcdo e a piscina de agua fresca é
liberada, assim uma grande quantidade de &gua fresca é advectada pela
NBC.

Korosov et al, (2014) combinou os campos de salinidade da
missdo (Aquarius e SMOS) com imagens de cor do oceano (MODIS), e
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desenvolveu um algoritmo baseado em redes neurais para estimar a sali-
nidade do oceano em alta resolucéo espacial. Seus resultados corroboram
aos resultados de Muller-Karger (1988). Coles et al., (2013) estudaram a
dispersdo da pluma do Amazonas na quebra da plataforma e no oceano
aberto utilizando Derivadores Virtuais Lagrangeanos (DVP), simulados
com o modelo HYCOM com 1/6 » de resolucdo espacial. Seus resultados
foram validados com dados coletados por derivadores in situ, juntamente
com dados da boia PIRATA 8°N, 38°W, e identificando quatro caminhos
principais para os derivadores simulados. Sendo dois deles seguindo a di-
recdo noroeste. Outros dois seguem para leste junto com a NECC. Os ca-
minhos que seguem para norte sdo continuos durante o ano todo, J& os
caminhos para oeste sdo sazonais devido a influéncia da ITCZ na NECC.
Comentam também que a descarga do Rio Amazonas ndo é uma influén-
cia priméria na area da pluma ou caminhos que ela seguira. Resultados do
modelo sugerem que aguas da pluma do Amazonas chegam a 20°W entre
novembro e dezembro. Foster et al., (2009) mostrou que 0 mesmo nitro-
génio fixado com comunidades associadas a Pluma do Rio Amazonas,
também foram encontradas junto a 4gua fresca encontrada no Golfo da
Guiné, sugerindo conectividade entre as regides.

A Pluma do Congo foi descrita primeiramente por Eisma and
Van Bennekom, (1978), onde descobriram que a pluma é predominante-
mente orientada para Noroeste, ao invés de seguir para sul, como espe-
rado devido a latitude (6°S) e ao efeito coriolis (Chao et al., 2015). Estu-
dos de modelagem sugerem que a pluma do Congo segue a dire¢ao norte,
e pode ser explicada pela influéncia de correntes de densidade devido ao
fluxo costeiro, pela geomorfologia do estuario do Congo, correntes ocea-
nicas e pelos ventos (Denamiel et al., 2013; Chao et al., 2015). Durante
mais da metado ano, a pluma estende-se para Noroeste alcangando uma
distancia da costa entre 400 e 1000 km. Esses autores também sugerem
que a pluma é carregada para Noroeste pelas correntes dirigidas pelos
ventos, possivelmente o ramo norte da corrente costeira de Benguela
(BCC) (Figura 5). A minima superficie da pluma ¢ alcancada entre Se-
tembro/Outubro, coincidindo com a minima descarga do Rio Congo e a
diminuicdo dos ventos da regido (Hopkins et al., 2013; Chao et al., 2015).
Chao et al., (2015) Utilizando dados de salinidade do satélite Aquarius
encontrou dois centros de baixa salinidade, um na foz do Rio Congo e
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outro ao norte do Equador, no Golfo da Biafra. Mostrou que os dois cen-
tros tem alta correlacdo com a descarga do Rio Congo, porém devido a
distancia, ndo esta claro que que o centro no Golfo da Guiné tenha uma
relacdo direta com a vazdo do rio. A foz do Rio Niger fica proximo ao
centro de baixa salinidade, contudo sua descarga é uma ordem de gran-
deza menor que 0 Congo e é pouco provavel que o Rio Niger seja o Unico
a contribuir para sua variabilidade. Berger et al., (2014) encontraram que
a precipitacdo somada a descargas dos pequenos rios poderiam formar a
regido semi-permanente de baixa salinidade no Golfo da Biafra, Leste do
Golfo da Guiné e ao norte do Equador. Ja a regido de baixa salinidade ao
sul do equador foi atribuida diretamente ao Rio Congo (Chao et al., 2015).
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Figura 4. Imagens de satélite mostrando a foz do Rio Congo (painel su-
perior) e a foz do Rio Amazonas (Painel Inferior). Créditos:
NASA/USGS.
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Figura 5. Figura mostrando o desvio padrdo de salinidade para o més de
agosto de 2013, assim como as principais correntes da regido préximo a
foz do Rio Congo e Golfo da Guiné: ramo norte da Corrente Sul Equato-
rial (SEC), Corrente da Angola (AC), Corrente Costeira da Benguela
(BCC). (Figura extraida de Chao et al., 2015).

1.5. INTERACAO PLUMA-ATMOSFERA

As grandes dimensdes dessas plumas equatoriais, somada a ca-
racteristica de reter calor, podem sem dlvida causar interferéncia nos sis-
temas atmosféricos. Ha estudos que sugerem a intensificagéo de furactes
quando estas tempestades tropicais atravessam regides de &guas com
baixa salinidade e maior temperatura (Reul et al., 2014; Ffield et al.,
2007). Entretanto, ainda ha poucos estudos para entender essa interacdo
pluma-atmosfera. Todavia, é notdrio que essas aguas menos salinas e
mais quentes estdo em uma regido bergo de furacdes e provavelmente in-
tensificando esses sistemas.
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2. JUSTIFICATIVA

A dispersdo de plumas de grandes rios equatoriais ocorrem de
forma complexa e em alguns momentos formam uma Unica banda de
baixa salinidade proximo a latitude de 8oN. Levando em conta que essas
bandas de baixa salinidade interferem na variabilidade de sistemas atmos-
féricos como furactes, este estudo se justifica pela necessidade se conhe-
cer a interacdo dessas bandas com esses sistemas. Este trabalho, de forma
inédita, busca contribuir com a descri¢cdo mais detalhada dos mecanismos
de formac&o e variabilidade dessas bandas zonais de baixa salinidade.

3. Objetivos

3.1. GERAL

O presente trabalho tem como objetivo principal investigar a
formacdo de bandas zonais de baixa salinidade no oceano Atlantico Tro-
pical, devido a convergéncia de aguas de menos salinidade oriundas da
Pluma do Amazonas e do Giro da Guiné.

3.2. ESPECIFICOS

Obijetivos especificos sao:

(1) Awvaliar a performance de trés produtos de modelagem oceé-
nica HYCOM, OFES e C - GLORS baseado nos dados de
boias do projeto (PIRATA), hidrografia (Tropical Atlantic
Climate Experiment — Geomar) e satélite (SMOS);

(2) Descrever a formacdo da grande banda de baixa salinidade
do oceano Atlantico Equatorial;
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(3) Calcular a trajetdria de derivadores superficiais virtuais para
avaliar a dispersao das aguas do Rio Amazonas, e contribui-
¢do da precipitacdo na manutencdo da pluma.

(4) Descrever a variagdo sazonal e interanual da formacdo da
Banda Zonal de Baixa Salinidade.

4. HIPOTESE

@)

)

A hipotese dessa investigacao é a formacado de Bandas Zonais de
Baixa Salinidade no oceano tropical controladas dominante-
mente pelo sistema de correntes equatoriais;

No seu campo distante a pluma do amazonas é alimentada pela
precipitagdo da Zona de Convergéncia Intertropical (ZCIT), que
permite manter uma estrutura zonal de baixa salinidade e forte
estratificacdo vertical, ajudando assim na formag&o e manuten-
¢do de Bandas Zonais de Baixa Salinidade.
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DISPERSION OF PLUMES IN THE TROPICAL ATLANTIC
AND THE FORMATION OF LOW SALINITY ZONAL BANDS

Este capitulo apresenta o artigo que compde esta dissertacdo e que foi
submetido a revista Deep-Sea Research Part I: Oceanographic Research
Papers em 17/11/2017. O contelido apresentado a seguir segue na integra
0 submetido a revista. A confirmacdo da submissdo é apresentada na pro-
xima pégina.
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DISPERSION OF PLUMES IN THE TROPICAL ATLANTIC
AND THE FORMATION OF LOW SALINITY ZONAL BANDS

Fernando Ribeiro, Felipe M. Pimenta, Antonio Fetter

Graduate Program of Oceanography. Center for Mathematics and Phys-
ics Sciences.
Federal University of Santa Catarina, Floriandpolis, SC, 88010-970,
Brazil.

Abstract

This paper describes the variability of plumes derived from
large river discharges of the Tropical Atlantic, exploring the importance
of precipitation and ocean currents in the intrusion and maintenance of
these structures. Satellite salinity data from SMOS are combined with his-
torical hydrographic data and temporal series of PIRATA buoys for com-
parison with three oceanic reanalysis products (OFES, HYCOM and C-
GLORS). The evaluation of these models suggests a better performance
for C-GLORS in the Tropical Atlantic. The correlation with PIRATA
buoys is r=0.98 for surface temperature and r=0.95 for salinity, with a
mean squared error (RMSE) smaller than 0.24. The C-GLORS reanalysis
was selected for further exploration of oceanographic as scenarios it ade-
quately represented the thermohaline structure.

Historical hydrographic sections described three distinct situa-
tions with the formation of low salinity superficial layers. At 44°W, the
observed structure was formed by the intrusion of Amazon plume through
the North Equatorial Countercurrent (NECC), with significant contribu-
tions of precipitation on the plume for field.

At 35°W, the low salinity waters detected by ship data was at-
tributed to freshwater derived from precipitation. Finally at 28°W, a fresh
water wedge found between 0 and 10°N up to 75 m depth was linked to
the intrusion of Gulf of Guinea's river and precipitation waters, advected
by the northern branch of the South Equatorial Current (nSEC).
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The C-GLORS reanalysis enabled the description of the sea-
sonal and year-to-year variability of the Amazon plume and the Gulf of
Guinea's freshwaters intrusions. The intrusion of the Amazon plume by
NECC starts in July and reaches the average position of 42°W between
October and September. The intrusion of freshwaters from the African
coast reaches an average longitude of 26°W between May and October.

The interanual variability of these intrusions is significant and
sometimes they meet to form a continuous low salinity zonal band be-
tween 4° and 8°N. This band last up to two months, has a return period of
2 to 6 years and has been observed in 1997, 2000, 2006, 2008, 2011 and
2012. Its formation is not significantly correlated to the river discharge or
precipitation. The freshwater zonal band formation seems to be attributed
to the variability of wind-driven zonal currents.

Keywords: Tropical Atlantic, Amazon River, North Equatorial, Counter-
current (NECC), Congo River, South Equatorial Current (nSEC), ITCZ.
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1. INTRODUCTION

The meeting of rivers with the sea typically forms coastal
plumes, structures characterized by less dense waters derived from conti-
nental drainage which spread over saltier and denser waters of the oceanic
region (Garvine, 1995). The dynamics and dispersion of plumes rely on
diverse factors, such as the magnitude of the discharge, the latitude, the
bathymetry and other oceanographic drivers such as winds, tides and am-
bient currents (Garvine,1999; Fong and Geyer, 2001; Lentz, 2004; Pi-
menta et al., 2011).

In average and high latitudes, large discharges tend to form
plumes influenced by the earth's rotation that can form a coastal bulb at
the mouth of the estuary. More generally, however, these discharges form
a coastal plume along the coast that propagates in the direction of a Kelvin
wave, leaving the coast to the right (left) in the northern (southern) hem-
isphere (Garvine, 1995; Yankovsky and Chapman, 1997; Fong and
Geyer, 2002; Lentz and Largier, 2006; Whitney and Garvine, 2005; Pi-
menta et al., 2011; Palma and Matano, 2017).

In low latitudes, large discharges tend to form superficial
plumes which convey fresh water preferentially to the open ocean. On the
eastern borders of ocean basins, the discharges are characterized by the
emission of fresh water eddies which propagate to the west. On the west-
ern shores, the theory predicts plumes parallel to the coast that tend to
deflect and intrude along the equatorial region (Palma and Matano, 2017).

The Tropical Atlantic is singular as it receives the input of the
three largest river discharges of the world in low latitudes: Amazon and
Tocantins River (229400 m 3 s 71), Congo River (Zaire) (41100 m3s1)
and the Orinoco (34900 m 3 s 1) (Hovius, 1998; Dai and Trenberth,
2002). The magnitude of these discharges is so significant that their im-
pact over the ocean can be observed from the space and far away from the
coast (Figure 1). The surface salinity field shown is derived from the
SMOS satellite (Kerr et al., 2010) and illustrates the presence of fresh
waters around the mouths of Amazon and Tocantins (0°), Orinoco (2°N),
Congo (6°S), Sanaga (3.5°N) and Niger (5°N) rivers in August of 2014.
It is also possible to observe the plume of the Plata River (35°S) and the
accumulation of fresh waters in the Gulf of Guinea (0°N, 5°E).
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Figure 1b shows the pattern of precipitation accumulated dur-
ing the same period when the Intertropical Convergence Zone (ITCZ) is
in its northern position (Cavalcanti et al., 2009). As we will discuss, the
contribution of the oceanic precipitation integrated between 15°N e 15°S
has a comparable magnitude to the discharge of the mentioned rivers al-
together.

Muller-Karger et al. (1988), Lentz and Limeburner (1995),
Coles et al. (2013) and Korosov et al. (2015) described the intrusion and
dispersion patterns of the Amazon plume in the Tropical Atlantic. During
the first semester, its freshwaters follows the northeast path to the Carib-
bean Sea along with Orinoco river waters. From the second semester on,
the transport of North Brazil Current (NBC) increases and starts its retro-
flection, injecting the Amazon plume into the Tropical Atlantic through
the North Equatorial Countercurrent (NECC) (Geyer et al., 1996; Koro-
sov et al., 2015; Casteldo and Johns, 2011) (Figure 1a,b).

Eisma and Van Bennekom (1978) describe the Congo plume as
predominantly oriented to the northeast. Other studies showed that its ex-
tension reaches from 400 to 1000 km from the coast, supposedly con-
trolled by winds and by the northern portion of the Benguela Current (De-
namiel et al., 2013).

Chao et al. (2015) described two low salinity centers of the Af-
rican coast: the first near the mouth of the Congo River and the other north
of the Equator, in the Gulf of Guinea. Berger et al. (2014) suggest that the
precipitation along with the rivers' discharges forms a semi-permanent
low salinity region on the Gulf of Guinea (Figure 1a).

These different freshwater sources impact the ocean vertical
stratification, influencing mixing and potentially altering exchange pro-
cesses of heat and humidity with the atmosphere. The interaction of
plumes with the large-scale current system enables the efficient transport
of freshwaters to remote regions, which would not be possible by other
oceanographic processes.

In the Tropical Atlantic, the stratification induced by the
plumes and precipitation can lead to the formation of a barrier layer, char-
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acterized as the region between a shallow halocline and a deeper thermo-
cline (Pailler et al., 1999). The halocline inhibits turbulent mixing, accu-
mulating surface heat and impacting atmospheric and climatic processes.
Reul et al. (2014), Ffield (2007) e Balaguru et al. (2012) found a strong
relationship between the intensification of the hurricanes, the position of
the hot and shallow layer of the barrier layer and the plumes of the Ama-
zon and Orinoco rivers.

Ahead of these factors, this research contributes to a better de-
scription of the variability of low latitude plumes in the Tropical Atlantic,
with emphasis on the dispersion of the Amazon River and the Gulf of
Guinea's fresh waters. As we will see further, the ocean large-scale circu-
lation plays a fundamental role in the spatial dispersion of these plumes
which come to form a low salinity zonal band.

For this purpose, this paper combines the analysis of satellite
data from the SMOS mission (Kerr et al., 2010), with historical hydro-
graphic data from the TACE program (Tropical Atlantic Climate Experi-
ment), temporal series of oceanic buoys from the PIRATA program
(Bourlés et al., 2008), and three model products selected for evaluation.
The models products refer to the HYCOM (Hybrid Coordinate Ocean
Model) (Wallcraft et al., 2009), OFES (Ocean Global Circulation Model
for the Earth Simulator) (Masumoto et al., 2004) and C-GLORS version
4 (Centre for Climate Change Global Ocean Reanalysis System) (Storto
et al., 2016).

The results of this article are divided into two principal parts.
In the first part, the ocean reanalysis are compared to satellite data, tem-
poral series of PIRATA and the hydrographic data, in order to select a
product for the investigation of the oceanographic processes. In the sec-
ond part, the combined set of information is used to describe the for-
mation of the superficial low salinity layers detected in the hydrographic
data. The dynamics of freshawater formed in the African and South
American coasts is explored, estimating the importance of the river dis-
charge, precipitation and currents in the seasonal and interanual variabil-
ity of low salinity zonal bands.
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Figure 1. (A) Average surface salinity from the SMOS satellite product
for August 2014, illustrating the dispersion of river discharges of the
Tropical Atlantic. Colors represent the surface salinity with isolines of
33.5 and 35. S1, S2 and S3 indicate the hydrographic transects from
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TACE explored in this paper (Table 1). PIRATA buoys are indicated by
black dots, the buoy 8°N, 38°W by a white square. (B) The river discharge
occurs in a region of intense wind-driven zonal currents, indicated by
white arrows for the southern spring (Stramma et al., 2009). The South
Equatorial Current (SEC) is part of the South Atlantic Subtropical Gyre.
Its southern side (SSEC) leads to the North Brazil undercurrent (NBUC)
which flows along the coast forming the North Brazil Current (NBC)
(Schott et al., 2005). During the southern spring, the NBC transport in-
creases and starts its retroflection (Geyer et al., 1996; Casteldo and Johns,
2011). Part of the discharge follows to the Caribbean, the other part feeds
the North Equatorial Countercurrent (NECC) at 8°N. The NECC is part
of the equatorial gyre, formed by the Guinea Current (GC) which circum-
vents the African coast in a clockwise rotation (Stramma and Schott,
1999). The southern part of the gyre is formed by the northern branch of
the South Equatorial Current (nSEC) which flows west at 4°N. Part of the
nSEC deflects to the east merging with the NECC. In the panel (B), the
monthly average derived from ECMWF is illustrated in colours. The rec-
tangles show the regions A1, A2 and A3 used to calculate the integrated
precipitation.

2. METHODOLOGY

The absence of long time series and the difficulty of covering
large hydrographic distances in short times often poses a difficult to the
investigation of large scale phenomena. In order to circumvent this prob-
lem, the information from satellite products, historical hydrographic data,
PIRATA buoys time series and ocean reanalysis products are combined.
The remote salinity data help to evaluate the quality of the ocean reanal-
ysis products. Hydrographic data enable the vertical structure description
of the plume, also evaluating the efficiency of the models. The reanalysis
dataset enabled the investigation of plumes variability and the influence
of the precipitation in the formation of low salinity layers. Figure 2 shows
the coverage of the datasets used in this study.
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Figure 2. Period of coverage of the satellite temporal series (SMOS), re-
analysis (C-GLORS, HYCOM and OFES), buoys (PIRATA) and hydro-
graphic cruises S1, S2 and S3 (cruises) used in this paper.

2.1. Satellite data

The SMOS (Soil Moisture and Ocean Salinity) is a mission
from the European Spatial Agency (ESA) aimed to supply global maps of
soil humidity and sea surface salinity. Launched in November of 20009,
the orbital platform transmits continuous data which are regularly re-
ceived at the Villafranca station in Spain. Its main sensor is the Micro-
wave Imaging Radiometer using Aperture Synthesis (MIRAS) and con-
sists of a three-arm antenna of 4.5 meters. On these arms 69 elements
named LICEF are distributed. Each element receives the radiation emitted
from the Earth on the L band (1400-1427 MHz). This radiation is then
amplified and stored (Kerr et al., 2010). Here the product SMOS L3 has
been selected, with a spatial resolution of 1/4° (around 27 km). Monthly
averages have been used for the spatial comparison of the superficial
fields and averages of three days for the comparison of temporal series.

2.2. Buoys data

The PIRATA program (Prediction and Research Moored Array
in the Tropical Atlantic) has been developed by NOAA (National Oceanic
and Atmospheric Administration) of the United States in partnership with
France and Brazil. The program consists of a system that aims the collec-
tion, quality control and operational data distribution for monitoring of
oceanographic and climatic processes (Bourlés et al., 2008). The buoys
have surface winds sensors, temperature and salinity in the water column
and other atmospheric parameters. Here 21 buoys have been selected for
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study of the tropical region, as indicated by Figure 1. The PIRATA data
was used to access the performance of the models' products.

2.3. Hydrographic data

Hydrographic data was obtained by historical cruises of the
Meteor ship conducted in the Atlantic Ocean and provided by the TACE
program (Tropical Atlantic Climate Experiment). A total of three merid-
ional transects at the longitudes of
44°W, 35°W e 28°W are used, covering distinct situations when surface
low salinity layers were detected. A total of 104 CTD vertical profiles
were analysed. The oceanographic transects refer to the cruise M151 of
November 2000, M53 of May 2002 and M68 of June 2006, respectively
illustrated by S1, S2 and S3 in Figure 1a and listed on Table 1.

Table 1. Meridional transects S1, S2 and S3 with the identification of the
hydrographic cruises, period of sampling, number of CTD profiles used
and geographical position. Source: Tropical Atlantic Climate Experiment
(http://tace.geomar.de/data/cuisedata/index.html).

Transect | Cruises date O’;u;rrgtf)ﬁ;s Latitude longitude
S1 M151 12'/(1/%/28%0 20 00.74°N to 11.77°N 44°W
s2 ms3 | OO0 35 04.74°N 10 07.90°N |  35°W
S3 M68 071/%/3/28%6 49 03.99°N to 15.31°N 28°W

2.4. Ocean model products

Hereinafter the three products of oceanic reanalysis evaluated
in this paper are presented.
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24.1. HYCOM

The HYCOM reanalysis project (Hybrid Coordinate Ocean
Model)! is a multinational effort sponsored by the NOPP (National Ocean
Partnership Program) as part of GODAE (US Global Ocean Data Assim-
ilation Experiment) aimed to develop and evaluate an oceanic model with
data assimilation. Among the main objectives are the representation of
the ocean three-dimensional state in high spatial and real-time resolution,
the provision of boundary conditions for coastal and regional models, as
well as a global coupled ocean-atmosphere forecast model. The system
includes sophisticated techniques for the assimilation of satellite sea sur-
face topography and temperature, as well as in-situ temperature and sa-
linity data. Its results are available in the spatial resolution of 1/12° (~9
km) in 40 vertical levels and daily temporal resolution. The available data
cover the period from 1992 up to the present. The climatological dis-
charge of HYCOM is implemented in the form of surface virtual salt flux
in the river mouth (Wallcraft et al., 2009). HYCOM also employs a ba-
rotropic pressure term to mimic the presence of the river and a parame-
terization for salt vertical mixing (Schiller and Kourafalou, 2010).

24.2. OFES

OFES, the OGCM (Ocean Global Circulation Model) for the
Earth Simulator is a product based on the Modular Ocean Model (MOM3)
developed by the Geophysical Fluid Dynamics Laboratory
(GFDL/NOAA). The domain covers the region from 75°N to 75°S, with
a horizontal spatial resolution of 1/10° and 54 vertical levels (Masumoto
et al., 2004). OFES uses the wind climatology and precipitation from
NCEP (Kalnay et al., 1996). Heat fluxes are calculated following Rosati
and Miyakoda (1988) with monthly variables of atmospheric reanalysis.
Monthly salinity data from the World Ocean Atlas 1998 (WOA98) were
used to start the model and to compute the salinity restoring fluxes that
lead to climatological convergence of the surface salinity fields. OFES
does not perform any ocean data assimilation during the model integra-
tion. The river discharge is inserted as surface fresh water flux that is spa-

! https://hycom.org
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tially distributed in the region near the estuary. Additional parameteriza-
tions provide vertical mixture of fresh water near the rivers' mouths (Pa-
canovsky and Griffies, 1999).

243. C-GLORS

The C-GLORS version 4 refers to a model of the Euro-Medi-
terranean Center for Climate Change (CMCC) called CMCC Global
Ocean Reanalysis System (C-GLORS) (Storto et al., 2016). The reanaly-
sis covers the period of 1982-2014. The model of ocean general circula-
tion used in the reanalysis C-GLORS is the Nucleus for European Mod-
eling of the Ocean (NEMO) version 3.2.1 (Madec et al., 1998). The rea-
nalysis has a resolution of 1/4° in the equator, with a grid ranging from
10 km in high latitude to 27 km in the equator, and 50 vertical levels.
Main atmospheric forcings are derived from the Large and Yeager (2004)
dataset. Precipitation fields are obtained from the ERA-Interim atmos-
pheric reanalysis and corrected with a climatological coefficient from the
Remote Sensing  Systems/Passive  Microwave Water Cycle
(REMSS/PMWCC), as described by Storto et al. (2012). River discharges
are implemented as monthly climatological averages from Dai and Tren-
berth (2002), also spatially distributed near the estuaries' mouths. The C-
GLORS uses a 3D variational analysis system (3DVAR), originally for-
mulated for the Mediterranean Sea (Dobricic and Pinardi, 2008) and
adapted for the global ocean (Storto et al., 2011). The system, called
OceanVar, assimilates in situ observations of temperature, salinity and of
sea surface topography. The observations obtained from buoys, Argo
floaters, XBTs and CTDs are provided by the ENSEMBLES EN3v2a da-
taset (Ingleby and Huddleston, 2007).

3. RESULTS

Results are organized in six subsections. The first three describe
results of the comparison of ocean models with satellite data, ocean buoys
and hydrographical profiles in the Tropical Atlantic. The next subsections
explore the oceanographic scenarios registered by the historical hydro-
graphic transects, describing the role of precipitation and river discharge
in the formation of low salinity surface layers. Finally, the mechanism for
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the formation of low salinity zonal bands is described, as well as its sea-
sonal and year-to-year variability.

3.1 Satellite data

Figure 3 compares the average fields of surface salinity derived
from SMOS mission with three ocean modeling products (OFES, HY-
COM and C-GLORS) for Setember 2012. Figure 3a, derived from SMOS,
depicts the intrusion of the Amazon plume along the latitude 8°N. The
surface salinity field also indicate the formation of a low salinity zonal
band which crosses the Atlantic Ocean from the South American coast to
Africa, between latitudes 3°N and 10°N. The Orinoco plume, located at
10°N is displaced to the northeast and partially fused with the Amazon
plumes' waters. A fresh water band is observed along the entire African
coast, including the Gulf of Guinea. It is also possible to see the coastal
intrusion of fresh waters from the Rio de la Plata between 35° and 28°S.
Itis difficult, however, to evaluate the contribution of the continental dis-
charge to surface salinity in contrast to the precipitation.

The panels of Figure 3b, ¢ and d represent the monthly averages
from the reanalysis products for the same period. OFES (Figure 3b) does
not faithfully represent the observed salinity data. The numerically simu-
lated amazon plume display a shorter extension and the low salinity zonal
band is absent from the results of this model. HYCOM (Figure 3c) does
not form the Amazon plume intrusion into the Tropical Atlantic. In the
results of this model, the plume flows along the continental shelf towards
the Caribbean Sea. According to the observations HY COM shows a low
salinity signal in the east of the Atlantic but it does not form the low sa-
linity zonal band nor represent the real extension of the Plata plume, that
is limited to 32°S. The model product which compares more favorably
to the SMOS data is C-GLORS (Figure 3d). This model satisfactorily re-
produces the Orinoco's plume, the NBC retroflection and the intrusion of
the Amazon plume in the Tropical Atlantic, as well as the formation of
low salinity zonal band. The C-GLORS also represents the accumulation
of fresh waters in the Gulf of Guinea and Rio de la Plata plume but does
not reproduce the entire coastal band of low salinity waters found south-
west of the African continent.
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Figure 3. Surface salinity field derived from SMOS satellite product for
September 2012. The average fields derived from ocean models for the
same period are indicated. In each panel, the salinity is represented by
colors. Isohalines of 33.5 and 35 PSU are indicated by white and black
lines respectively.

3.2. PIRATA buoys

After a first evaluation of the surface salinity fields, we com-
pared the model and SMOS results to the temporal series derived from
PIRATA ocean buoys. Figure 4 compares the surface salinity time series
of the PIRATA buoy 8°N 38°W, with SMOS data and three model prod-
ucts, displayed in three different panels. PIRATA observations, illustrated
by blue dots, describe seasonal variations that are generally between 36
and 34 PSU but with salinity drops, sometimes reaching 31 PSU. This
signal refers mostly to the instructions of the Amazon plume by NECC at
8°N, which happens preferentially between August and November. Com-
paring PIRATA with the satellite data, illustrated by red dots, it is possible
to observe that SMOS follows the main tendency of the in-situ data, but
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sometimes over-estimate the salinity minimum, with differences up to 1
PSU.

Data derived from the model products are indicated by gray
lines in each panel. OFES (upper panel) does not represent the observed
minimum of salinity, particularly for 2008, 2009 and 2010. The differ-
ences in these three periods reach 4 PSU. The second panel illustrates the
temporal series of HYCOM, which does not represent the real amplitude
of the low salinity pulses. The C-GLORS reanalysis stands out as it more
faithfully represents the salinity variability.

The following Figure 5, 6 and 7 compare the model products
with buoys' data in dispersion graphs. In each figure, the data of the se-
lected 21 buoys are illustrated by gray dots. Black dots show the data
registered by the buoy 8°N 38°W. The panels on the left compare the
salinity and the panels on the right compare the temperature data.

There is a large dispersion of surface salinity and temperature
for the comparisons with OFES (Figure 5). The correlation was r=0.87
for salinity r=0.84 for temperature, with a confidence interval of 95%.
The root mean squared error was 0.38 for salinity and 1.14 for tempera-
ture (Table 2). As previously verified, OFES fails to represent the salinity
signal associated with the plumes' intrusion. Figure 6 presents the com-
parison to HYCOM reanalysis. Results reveal less dispersed data, yet
without properly representing minimum salinity events. The correlation
was r=0.91 for salinity, with RMSE of 0.30. Finally, Figure 7 compares
in-situ data with the C-GLORS reanalysis. The product presented the
smallest dispersion, with a correlation of r=0.95 for salinity and r=0.98
for temperature. The RMSE was 0.23 for salinity and 0.24 for tempera-
ture. C-GLORS presented the best comparisons with surface temperature
and salinity observations.
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Figure 4. Time series of surface salinity from derived from observations
and model products. Data from the PIRATA buoy of 8°N 38°W is indi-
cated by blue dots. SMOS data for the same location are illustrated in red.
Panels illustrate the different reanalysis products indicated by gray lines.
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Figure 5. Dispersion diagrams of salinity in (psu) (left panel) and temper-
ature in (°C) (right panel) comparing PIRATA buoy observations to
OFES model results. Gray dots represent the data of 21 buoys illustrated
in Figure 1. Black dots represent the data of the buoy located at 8°N
38°W.
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Table 2. Correlation and root mean squared error (in parentheses) for PI-
RATA salinity (S) and temperature (T) observations compared to model
products. The location of the buoys is illustrated in Figure 1.

Buoys 8°N 38°W 21 buoys

S T S T
OFES (8:2% ((1):18) (gigé) ((l)ﬁ)
HYCOM (823) (8j§3> (8:23) (8:?1%
C-GLORS (8:38) (8:%) (8:22) (8:2?1)
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3.3. Hydrographic profiles

This subsection compares CTD profiles from the hydrograph-
ical cruises with model data. Profiles were selected to intercept the core
of the superficial low salinity layers present in the hidrographic observa-
tions. Figure 8 presents the results for the three different sections S1, S2
and S3 comparing the three model products. The left column displays sa-
linity and the right column temperature profiles. The red line in each panel
represents the observed profile (CTD). OFES is represented by a black
line, HYCOM by green and C-GLORS by a blue line. The product that
compares more favorably to in-situ data in the surface (0 to 200 m) is C-
GLORS, and the worst is HYCOM with a difference up to 1 PSU in the
surface. The salinity profile of section S1 illustrate a freshwater layer of
34.3 PSU up to 40 m depth. Below this superficial layer the profile indi-
cates a halocline around 60 m.

Both HYCOM and C-GLORS presented a good performance
for the temperature profiles. OFES has the largest differences for temper-
ature in the surface and over deeper layers (>200 m). Below 200 m, both
salinity and temperature profiles are generally well reproduced by HY-
COM and C-GLORS. Table 3 shows the correlation results and the mean
squared error of the salinity profiles presented in Figure 8.

C-GLORS stood out in all comparisons as the best model prod-
uct for the Tropical Atlantic. After comparing its data with SMOS, PI-
RATA and hydrographic data, the conclusion was that C-GLORS reanal-
ysis presents a rather satisfying performance for the study of freshwater
dispersion processes. In the next section, the C-GLORS reanalysis prod-
uct will be used to describe the different situations responsible for the
formation of low salinity layers as recorded by the hydrographic observa-
tions.
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Figure 8. Salinity (left panels) and temperature (right panels) profiles de-
rived from hydrographic transects S1, S2 and S3, comparing hydro-
graphic data (CTD, red line) to model data from OFES (black), HYCOM
(green) and C-GLORS (blue). The positions of the profiles will be show
below in the figure 9, 11 e 14 identified with a square magenta.

52



Table 3. Correlation and mean squared error (in parentheses) between the
reanalysis products and the vertical profiles of salinity. The data refer to
the stations selected from the transects S1, S2 and S3, illustrated in Figure
8.

S 2 $3

OFES (8222) (8:28) (8228)
HYCOM (823% (8:22) (8:%)
C-GLORS (8:2?1) (8:33) (8:8?1)

3.4. Hydrographic transects and low salinity band formation

In this subsection, C-GLORS data is used to explore the back-
ground oceanographic setting during the sampling of the hydrographic
sections S1, S2 and S3 (Figure 1 and Table 1). Both large-scale ocean
currents and regional precipitation can play a fundamental role in the in-
trusion of coastal plumes and the formation of low salinity surface layers
in the Tropical Atlantic.

3.4.1. Transect S1 at 44°W

Figure 9 (left panel) presents the hydrographic section S1 at the
longitude 44°W derived from the Meteor cruise M151 of November 2000
and compares its data to the results of C-GLORS reanalysis (right panel).
A deep halocline is observed around 150 m with a salinity limit close to
35,5 PSU as well as a shallower halocline at 50 m, delimiting a low salin-
ity surface layer between 5° and 11°N.

The low salinity surface structure illustrate two cores of ap-
proximately 34.5 PSU separated by one degree of latitude, surrounded by
tropical ambient waters (> 36 PSU). The C-GLORS data demonstrate the
same structures in the hydrographic section.
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The evolution of surface salinity fields and precipitation enable
the exploration of the formation mechanism of this low salinity surface
layer. Figure 10 presents six panels: the first illustrates the accumulated
precipitation in June 2000 (panel A). The following panels (B to F) show
the evolution of the surface salinity between June 28t and November 13t
of 2000. Virtual Lagrangian drifters are also indicated. Those launched
instantaneously into the precipitation core located at 8°N and 35°W in
June 2000 are illustrated by black dots. Drifters launched continuously in
the mouth of the Amazon estuary are illustrated by white dots.

Particles released in the mouth of the Amazon follow the NBC
retroflection and travel around 8°N through the NECC. Yet, the particles
liberated into the precipitation core follow two main paths. Some particles
migrate to the east with the NECC and others migrate to the west through
the nSEC, providing the mixing of relatively fresh waters from the Ama-
zon plume with waters from precipitation. Wind-driven currents, how-
ever, participate redistributing the less saline waters zonally.

The most common view of the hydrologic cycle establishes es-
tuarine plumes as the final destination of waters derived from continental
precipitation. The results showed here, however, refer to an evidence that
large-scale plumes can also be the destination of waters originated from
ocean precipitation. These waters can refuel the coastal plumes maintain-
ing their saline anomaly in the far field.

The panel F of Figure 10 denotes the situation of convergence
and mixture of fresh waters over the hydrographic section S1 collected in
November 2000. Such results suggest the intrusion of the Amazon plumes
in its far field has significant contributions of waters derived from ITCZ
cores, which deform in zonal bands due to the shear of wind-driven cur-
rents.
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Figure 9. Vertical salinity transect S1 at 44 © W from the Meteor cruise
M151 of November 2000, compared to C-GLORS model results for the
same period. The salinity is indicated by colors with contour interval of
0.1 psu. Black triangles show the position of the CTD profiles and a
square shows the position of the profile illustrated in Figure 8.
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Figure 10. Evolution of the oceanographic conditions before the sampling
of transect S1 during the Meteor cruise M151 of November 2000 (Table
1). Panel A describes the precipitation field of June 5%, 2000. The next
panels (B to F) illustrate the evolution of the salinity field from June 5t
to November 13, 2000. Black dots illustrate the trajectory of particles
instantaneously launched into the precipitation core located at 8°N 35°W.
The trajectory of the particles illustrates the mixing of Amazon plume
with the waters derived from oceanic precipitation. The position of tran-
sect S1 is indicated.

3.4.2. Transect S2 at 35°W

Figure 11 presents the salinity hydrographic section for the
transect S2 at 35°W of May 2002 along with the C-GLORS dataset. A
halocline between 100 and 150 m separates tropical waters in the surface
(TW) from South Atlantic Central Water at greater depths (SACW)
(Stramma and England, 1999). Two subsurface cores of high salinity are
observed at 0° and 4°S respectively. The first is associated with the Equa-
torial Undercurrent (EUC); the second is associated with the North Brazil
Undercurrent (NBUC) (Schott et al., 2005).

The layer with the lowest salinity detected in the surface during the
cruise is also present in the reanalysis product. Anomalies are on the order
of 1 to 2 PSU in the surface compared to tropical waters up to 37 PSU.
The surface layer has two cores, one located at 3°S and the other at 3°N.

Figure 12 illustrates the streamlines as well as the average sa-
linity field for May of 2002. The fresh waters detected in this situation
cannot be associated with the Amazon plume which was at the beginning
of its intrusion. The same analysis is valid for the freshwater derived from
the African coast which is around 20°W to the west of the Gulf of Guinea.
The analysis of the salinity and currents field suggest that the low salinity
layer observed during the cruise was associated with the precipitation.
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Figure 11. Vertical salinity transect S2 at 35°W during the Meteor cruise

M53, compared to the results of the reanalysis C-GLORS for May 2002.

The salinity is indicated by colors with contour interval of 0.1 psu. Black

triangles show the position of the CTD profiles and a square shows the
position of the profile illustrated in Figure 8.
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Figure 12. Surface salinity and streamlines from C-GLORS for May
2002, sampling period of the transect S2 at 35°W as part of the cruise
Meteor M53 (Table 1). The position of the section is indicated by a black
line. It is noted that in this period, the Amazon plume is starting its retro-
flection along with the NBC. On the African coast, the waters of the Gulf
of Guinea are still confined to 15°W.

3.4.3. Transect S3 at 28°W

The hydrographic section S3 at 28°W of June 2006 conducted
by the Meteor cruise M68 is illustrated in Figure 13 (left panel). The fea-
tures of deeper and surface layers are well represented by the model. The
halocline at 100 m separates tropical waters in the surface from deeper
central waters. A wide structure stands out in the hydrographic data. It
refers to a “V” shape low salinity lens between to 0° to 10°N. This layer
has 70 m depth and salinity anomalies on the order of 1 to 2 PSU com-
pared to the ambient waters.

Streamlines overlaid on surface salinity fields for the period of
the M68 cruise are illustrated in Figure 14. The position of the transect S3
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is indicated by a black line, demonstrating how the cruise intercepted the
core of the freshwater intrusion from the African coast. As the streamlines
illustrate, Gulf of Guinea's waters are advected by the nSEC at 2°N to
30°W, then are deflected to the north, merging with the Amazon waters
along the NECC.

Figure 15 illustrates the evolution of this episode, displaying
the salinity and the streamlines fields two months later, in August 2006.
This figure illustrates the wide extension of the Amazon plume advected
by the NECC and the formation of a low salinity zonal band due its en-
counter with lower salinity waters derived from the Gulf of Guinea. The
freshwater transport from the African coast is promoted by the nSEC.

Part of the freshwater is detained inside the equatorial gyre, recirculating
through the nSEC current (west direction) and NECC (east direction). The
lower panel of Figure 15 illustrates the vertical section through this low
salinity zonal band at 7°S. The surface layer is 40 m depth and extends
for more than 4200 km from the South American to the African coast.
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Figure 13. Vertical salinity transect S3 at 28°W during the Meteor cruise
M68, compared to the results of the reanalysis C-GLORS for June 2006.
The salinity is indicated by colors with contour interval of 0.1 psu. Black
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triangles show the position of the CTD profiles and a square shows the

position of the profile illustrated in Figure 8.
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Figure 14. Surface salinity field and streamlines derived from C-GLORS
for June 2006, sampling period of the transect S3 at 28°W during the
cruise Meteor M68 (Table 1). The position of the section is indicated by
a black line. It is noted that in this period, the Amazon plume is starting
its intrusion along with the NECC. In this situation, the equatorial gyre
formed by the nSEC is quite developed, transporting freshwaters from the

Gulf of Guinea to the longitude of 35°W.
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Figure 15. a) Surface salinity fields and streamlines derived from C-
GLORS for August 2006. The figure illustrates the intrusion of the Ama-
zon plume along the NECC, interacting with waters coming from the Gulf
of Guinea, transported by nSEC. The mixing of these different freshwater
sources leads to the formation of a continuous low salinity zonal band
between 3°N and 8°N. b) Vertical transect between
18° and 65°W illustrating the structure of the low salinity zonal band. As
it is illustrated, the surface layer has salinity between 33 and 34.5 and
depth of approximately 40 meters.
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3.5. Seasonal variability

The previous analysis suggests that the formation of low salin-
ity zonal bands has significant contributions from the Amazon River
plume advected by the NECC and from Gulf of Guinea river and precip-
itation freshwaters advected by the nSEC. In order to explore the varia-
bility of these intrusions, we monitored the position of the 34.5 isoline
around the latitudes of 8°N and 4°N, presenting the results in Figure 16.
Here the abscissa represents the zonal position of these freshwater intru-
sions. Black dots describe the climatological variability of intrusions un-
der influence of Amazon River plume at 8°N. Red squares illustrate the
average displacement of freshwaters intrusions from the African coast at
4°N.

We can observe that the plumes are generally close to the coast
during the first half of the year (January to April). Over the months, the
low salinity waters are transported offshore, reaching maximum intru-
sions on the second half of the year. The climatological maximum occurs
in September for the Amazon plume and between August and October for
the Gulf of Guinea freshwaters. These migrations are dominantly con-
trolled by zonal currents. The intrusion of the Amazon plume has shorter
duration when compared to the intrusion of the waters coming from the
contribution of rivers and precipitation over the Gulf of Guinea.

63



DEC| e et
NOV - —a— —a— .
OCTr [ » ! = .
SEPF [ » | = -
AUGK —e— —a— .
JUL} e e
JUN He F—a— A
MAY e —a— A
APR [ s -
MARF e HH
FEB| Fa-
JANF s o A

-60 -50 -40 -30 -20 -10
Longitude

Figure 16. Climatology of the low salinity intrusions on the Tropical At-
lantic. Black dots indicate the average position of the 34.5 PSU isohaline
along the latitude of 8°N. Red dots indicate the isoline of 34.5 PSU posi-
tion for the latitude of 4°N (red). Bars indicate the standard deviation.
Data used refers to the surface salinity fields of C-GLORS between 1993
and 2014.
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3.6. Interanual variability

Figure 17 illustrates the surface salinity temporal evolution
through a Hovmoller diagram at 8°N, illustrating the year-to-year varia-
bility of low salinity band formation between 1993 and 2014 (central
panel). The isolines of 34.5 and 35 PSU are indicated, as well as the po-
sition and period covered by the hydrographical cruises (black squares).
The same figure presents the time series of river discharges (left panel)
and integrated precipitation (right panel).

The river discharges of the Amazon and Tocantins river (red)
and time series of the Orinoco (blue) and Congo (black) rivers come from
Dai et al. (2009). The Amazon river has a strong seasonal signal, with a
maximum of discharge in the first semester, reaching close to 250000 m
3571, The Orinoco and Congo rivers have maximums of 68.000 e 82.000
m 3 s ~1in July and November respectively. The correlation of the Ama-
zon river's discharge with salinity at 8°N 35°W is relatively low, r=0.56,
with a confidence interval of 95%.

The integrated precipitation in the tropical region between
15°N and 15°S is significant. Its contribution is equal to an average dis-
charge of 315.000 m 3s 1, thus comparable the sum of the discharges of
the Amazon, Orinoco and Congo rivers. Different from the river dis-
charge, the integrated precipitation does not present any dominant sea-
sonal signal and is apparently uncorrelated (r=0.23) to the salinity signal
at 8°N 35°W.

The time series of integrated precipitation for the region close
the Amazon mouth (A2) and the Gulf of Guinea region (A3) are illus-
trated as black and red lines respectively (Figure 17). The contribution of
precipitation on these regions is comparable to the discharge of the Ori-
noco and Congo rivers, although they do not present any clear correlation
with low band formation or the salinity signal at 35°W.

The analysis of the Hovmdéller diagram made for the latitude
8°N corroborates the climatological results described in the previous sec-
tion. Low salinity intrusions happen preferentially during the second se-
mester after the seasonal peak of Amazon discharge, with a signal that
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propagates to the east, from the South American coast at 60°W. The west-
ward intrusion of freshwater from the African coast at 10°W is also ap-
parently in synch with Congo discharge which has its maximum on No-
vember.

The salinity field illustrates that in the years 1997, 2000, 2006,
2008, 2011 and 2012, these freshwater intrusions were so significant that
they formed a continuous low salinity zonal band. The weak correlation
with the river discharge and the integrated precipitation suggests that the
formation of the low salinity band might be attributed to the variability of
the wind-driven circulation.
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Figure 17. Hovmoller diagram indicating the year-to-year variability on
the formation of continuous low salinity zonal bands in the Tropical At-
lantic at 8°N (central panel). The left panel indicates temporal series of
the river discharges of the Amazon+Tocantins, Orinoco and Congo rivers
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(Dai et al., 2009). The panel on the right illustrates the integrated precip-
itation series for the regions indicated in Figure 1b: the region of the Gulf
of Guinea (Al); the region of the Amazon plume (A2) and the tropical
region between 15°N and 15°S (A3). The formation of salinity zonal band
was significant for 1997, 2000, 2006, 2008, 2011 and 2012.

4. SUMMARY AND CONCLUSIONS

This article explored the dynamics of low latitude plumes de-
rived from large river discharges of the Tropical Atlantic, exploring the
role precipitation and of wind-driven large-scale currents in the intrusion
and maintenance of these structures.

Three model products (OFES, HYCOM and C-GLORS) were
compared with satellite data from SMOS, historical hydrographic data
and PIRATA buoys in order to select the best product. Surface salinity
fields were well described by the reanalysis C-GLORS when compared
to the satellite product. The correlations of PIRATA time series against
OFES, HYCOM and C-GLORS were 0.87, 0.91 and 0.95 with a mean
squared error (RMSE) of 0.38, 0.30 and 0.23 PSU respectively.

Although C-GLORS has less spatial resolution, its performance
was more satisfying than the other products. Tseng et al. (2016) shows
that the current climate models do not explicitly resolve mixing processes
and that better parameterizations are necessary. Despite the fact that the
products HYCOM and C-GLORS have advanced systems of data assim-
ilation, C-GLORS was the only model capable to satisfactorily reproduce
the salinity fields. This was partially linked to the prescription of the river
discharge employed by C-GLORS.

The analysis of the historical hydrographic sections, combined
with the C-GLORS product illustrated the process of dispersion of the
Amazon plume and the low salinity waters of the Gulf of Guinea. During
the first semester of the year, the Amazon and Orinoco waters follow the
North Brazil Current (NBC) to the Caribbean. During the second semester
- the Amazon plume is captured in the NBC retroflection, which flows to
the east, through the North Equatorial Countercurrent (NECC) at 8°N.
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During its intrusion, the plume receives the contribution of precipitation
from the ITCZ, which converge with the equatorial currents mixing with
Amazon waters.

On the east side, the Gulf of Guinea gyre accumulates low sa-
linity waters derived from large African rivers such as the Congo, Niger
and Sanaga as well as freshwaters from ocean precipitation. At the begin-
ning of the year the Gulf of Guinea plume remains close to the African
coast. In July, it starts its intrusion to the west, flowing with the northern
branch of the South Equatorial Current (nSEC).

In certain occasions, the extension of the Amazon plume to the
west and the extension of the Gulf of Guinea waters to the east leads to
their convergence forming of a continuous low salinity zonal band. The
reanalysis suggests that the zonal band formation has year-to-year varia-
bility, presumably associated with wind-driven currents. Foster et al.
(2009) showed that the same nitrogen fixed with communities associated
with the Amazon river plume was also found in the fresh water of the Gulf
of Guinea. This fact suggests a biological connectivity between the two
regions.

To conclude, the intrusion of freshwater has a much bigger im-
pact than what current global models reproduce (Sun et al., 2017). Coles
et al. (2013) suggest that freshwater plumes strengthen the vertical strati-
fication, reducing the mixed layer depth, also modifying currents and the
ocean-atmosphere interactions. As the area of this low salinity zonal band
formation is prone to the passage of hurricanes, it is necessary to imple-
ment the dynamics of this band for more realistic atmospheric forecasts.
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5. CONCLUSOES E CONSIDERAGCOES FINAIS

Esta dissertacdo explorou a dindmica de plumas de baixa lati-
tude derivadas de grandes descargas fluviais do Atlantico Tropical, ex-
plorando o papel da precipitacdo e das correntes de larga escala dirigidas
pelo vento na intrusdo e manutengdo destas estruturas. Trés produtos de
modelagem oceénica (OFES, HYCOM e C-GLORS) foram comparados
com dados satelitarios SMOS, dados hidrogréaficos historicos e dados de
boias PIRATA, para selecdo de um produto que melhor representasse o
Atlantico Tropical. Campos de salinidade superficial foram bem descritos
pela reanalise C-GLORS em comparacdo ao produto satelitario SMOS.
Correlagdes das séries temporais de salinidade PIRATA contra os produ-
tos OFES, HYCOM e C-GLORS foram 0.87, 0.91 e 0.95 com um erro
quadratico médio (RMSE) de 0.38, 0.30 e 0.23 psu respectivamente.

Embora o C-GLORS possua menor resolugéo espacial que ou-
tros produtos, seu desempenho foi mais satisfatério. Tseng et al. (2016)
destaca que os modelos climaticos atuais ndo resolvem explicitamente os
processos de mistura costeiro-estuarina, sendo necessario parametriza-
¢des. Embora os produtos HYCOM e C-GLORS possuem avangados sis-
temas de assimilacdo de dados, somente 0 C-GLORS foi capaz de mode-
lar satisfatoriamente o campo superficial termohalino no Atlantico Tropi-
cal. Este fato est4 provavelmente associado a prescri¢do da descarga flu-
vial realizada pelo C-GLORS.

A anélise de se¢des hidrograficas histéricas, combinada ao pro-
duto C-GLORS ilustrou o processo de dispersdo da pluma do Amazonas
e das aguas de baixa salinidade do Golfo da Guiné. No primeiro semestre
do ano, as aguas do Amazonas e Orinoco seguem a Corrente Norte do
Brasil (NBC) em diregdo ao Caribe. No segundo semestre, a partir de
agosto, a pluma do Amazonas é capturada na retroflexdo da NBC, poste-
riormente fluindo para leste através da Contracorrente Norte Equatorial
(NECC) a 8° N. Durante sua intrusdo, a pluma sofre a contribuigdo de
aguas derivadas da precipitacdo da ITCZ, que convergem ao longo das
correntes equatoriais, misturando-se com as aguas do Amazonas.

No lado leste, o interior do Giro da Guiné concentra aguas de
baixa salinidade oriundas dos grandes rios Africanos, como Congo, Niger
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e Sanaga, além de aguas frescas derivadas da precipitacdo oceénica. Ve-
rificamos um padrdo sazonal de migracdo das aguas do Giro da Guiné.
No inicio do ano esta pluma encontra-se retraida proximo a costa da
Africa. A partir de julho ela inicia sua intrus&o a oeste, fluindo através do
ramo norte da Corrente Sul Equatorial (nNSEC).

Em certas ocasides, a extensdo da pluma do Amazonas, para
oeste, e das aguas do Golfo da Guiné, para leste, leva a convergéncia de
aguas frescas, com a formacao de uma banda zonal continua de baixa sa-
linidade. A reandlise sugere que o fendmeno de formagdo da banda possui
variabilidade interanual, presumivelmente associado a varia¢fes das cor-
rentes oceanicas. Foster et al. (2009) mostrou que o mesmo nitrogénio
fixado com comunidades associadas a Pluma do Rio Amazonas, também
foram encontradas junto & agua fresca encontrada no Golfo da Guiné, su-
gerindo conectividade bioldgica entre as regides.

Finalizando, a intrusdo de agua fresca tem um impacto maior
do que é atualmente reproduzido por modelos climéaticos globais (Sun et
al., 2017). Coles et al. (2013) destaca que plumas de &gua fresca introdu-
zem estratificacdo que pode reduzir a camada de mistura, modificar cor-
rentes, e influenciar a interacdo oceano-atmosfera. Visto que a area de
formag&o desta banda zonal de baixa salinidade é uma regido de origem
e passagem de furacGes, ha a necessidade de implementar a dindmica
desta banda para previsdes atmosféricas mais realisticas.
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