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O Oceano em movimento...




Topicos a serem abordados

As escalas envolvidas;

A Radiagao eletromagnética, cinturdes de pressdo atmosferica;
As principais forgantes da circulacdo oceanica;

Circulacdo termohalina e Conveyor Belt.

Circulagao do Oceano Atlantico



Introducao

= (s primeiros trés metros dos oceanos armazenam a mesma
quantidade de calor que toda a atmosfera. Este calor ¢
liberado e reabsorvido regularmente em um ciclo do
oceano para atmosfera e vice-versa. Conseqlientemente, €
fundamental o conhecimento da circulagdao oceanica para o
para que o regime climatico dos nosso planeta (e suas
mudancas) possa ser compreendido em escalas temporais
da ordem de decadas. Em escalas menores, padroes
atipicos na taxa e tamanho desta interacao oceano-
atmosfera pode causar eventos meteorologicos extremos
(furacoes, enchentes, secas, etc).

Figure 13.1 The oceanic conveyor belt carying heatnorthward into the North Atlantic. Note that this is a cartoon, and it does not accurately describe the ocean's circulation. (from Broecker and Peng, 1982).
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Escalas x Movimentos Oceanicos
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A origem

Fusao Solar

Deutério Héli/o}
g + Energia

% o
Tricio néutron

Os gases de hidrogénio (deutério e o tritio, isotopos do hidrogénio) se chocam e
formam o hélio e uma particula atdmica chamada de néutron. Como ha uma pequena
perda de massa no meio do processo, ela se torna uma quantidade de energia enorme e
juntando com a alta temperatura do sol no nucleo, que é aproximadamente 15,7 x 10° K
(Kelvin), ela continua o processo de fusdo dos gases de hidrogénio formando o hélio até
acabar a sua matéria-prima (este processo levara cerca de 7 bilhdes de ano).



Balanco de Calor
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The mean annual radiation and heatbalance of the earth. From
Houghton et al. (1996: 58), which used data from Kiehl and
Trenberth (1996).



Forc¢as que atuam nos oceanos

— PRIMARIAS
Cisalhamento do Vento (wind stress)

Gradiente de Pressao / Densidade

Gravidade
— SECUNDARIAS

Coriolis

Atrito / Friccao



Dynamic Forcing at the Ocean Surface
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tropopause height is
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Forca de Coriolis
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Giros Oceanicos
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Outras Correntes de Superficie

= Contra-Correntes Equatoriais
= Giros Subpolares

180° 140°
ARCTIC OCEAN

e

— Warm current

—— Cold current

Subtropical
Gyre

Subtropical
Gyre

ATLANTIC

OCEAN

~<_N. Equatorial C.

E Com P O

N. Equatorial C.

Eq. Counter C.

Equator N. Equatorial C.

S. Equatorial C.
PACIFIC OCEAN

Subtropical
Gyre o\ \ INDIAN  20°
Tropic of Capricorn Sbliopical %) ‘ OCEAN
yre 5 \ Subtropical
&l |

Antarctic Circumpolar Current

/”_—.\;
(West Wind Drift)

(West Wind Drift)
60° East Wind Drift

East Wind Drift

Antarctic Circle _—

A —

Copyright © 2008 Pearson Prentice Hall, Inc.



Esquema simplificado da
Circulagao superficial
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Como 0 oceano responde a
acao dos ventos em superficie ?

O Modelo de Ekman;
Geostrofia



O Modelo de Ekman

Observacao: correntes superficiais movem-se em um
angulo em relacao ao vento local.

Ekman spiral describes speed and direction of seawater
flow at different depths

Each successive layer moves increasingly to right (N
hemisphere)

Northern
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Espiral de Ekman

= Descreve a velocidade e direcao da corrente forcada pelo
vendo em diferentes camadas;

= Cada camada gira mais a direita (esquerda) quando no
Hemisferio Norte (Sul).







Transporte de Ekman

= Movimento resultante da coluna d’agua sob a
influencia do vento;

= 90° a direita do vento no HN
= 90° a esquerda do vento no HS

Looking down on ocean surface:

Depth

100 m

Ekman spiral

(@) (b)
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Northern Hemisphere Subtropical Gyre
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Intensificagao das Correntes de
Contorno QOeste

Centro dos Giros Subtropicais deslocado
para OESTE devido a influéncia da
rotacao da Terra;

Como consequéncia as CCOeste sao
intensificadas:

= Mais velozes;
= Mais estreitas
= Mais profundas
= Mais quentes



Correntes de Contorno Leste

Lado oriental das bacias oceanicas (com
propriedades opostas as CCOs):

m Frias

= Mais lentas
= Mais rasas
= Mais largas
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Two Circulation Systems

Solar radiation

Global temperature distribution

A

Bottom-water formatio . | Tropospheric circulation

Deep-ocean
circulation

|
I
|

Y

Surface wind field

P —

Surface-oceMn circulation

—

ESS228
Prof. Jin-Yi Yu




2a aula




S1x Great Current Circuits 1in the World Ocean

U 5 of them are geostrophic gyres:
North Pacific Gyre
South Pacific Gyre
North Atlantic Gyre
South Atlantic Gyre

Indian Ocean Gyre

QO The 6™ and the largest current:
Antarctic Circumpolr Current

(also called West Wind Drift)
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Characteristics of the Gyres

(Figure from Oceanography by Tom Garrison) @ Currents are in geostropic balance
QO Each gyre includes 4 current components:
two boundary currents: western and eastern
two transverse currents: easteward and westward
Western boundary current (jet stream of ocean)

the fast, deep, and narrow current moves warm
water polarward (transport ~50 Sv or greater)

Eastern boundary current

the slow, shallow, and broad current moves cold

Tradé water equatorward (transport ~ 10-15 Sv)
winds
Geographical Equator ‘ Trade wind-driven current

the moderately shallow and broad westward
current (transport ~ 30 Sv)
Westerly-driven current

the wider and slower (than the trade wind-driven

Volume transport unit: current) eastward current

1 sv=1 Sverdrup = 1 million m?/sec

. (&  ESS228
(the Amazon river has a transport of ~0.17 Sv) N Prof. Jin-Yi Yu




Global Surftace Currents
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Circulacao Atmosferica

Ok o8N Jet stream, flows
west to east
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CIRCULACAO DE LARGA ESCALA:

. Dominada pelos Giros Anticiclonicos
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Fonte: www.noaa.gov



Circulacao Supertficial
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Atlantic Meridional Overturning Circulation
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Elements of the overturning circulation in the Southern Ocean
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Schematic diagram of the overturning circulation in the Southern Ocean (Speer et al., 2000, J. Phys. Oceanogr-.,
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Key Role of the Southern Ocean
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3-D global overturning diagram, from Schmitz (1996)

The figure illustrates two of the key roles the Southern Ocean plays in the cli-

mate system:

« Water mass transformations in the SO “close” the overturning circulations by
converting deep water which upwells at high latitude into lighter intermediate
waters and denser bottom waters.

< The Antarctic Circumpolar Current connects the ocean basins, allowing a
global overturning circulation to exist, and allowing anomalies to propagate

between basins and influence the climate “downstream”. e
AV/D5/0101 ,




O Oceano Atlantico

Atlantic Ocean
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Fonte: Tomczak and Godfrev. 1994



s Correntes de superficie do
- Oceano Atlantico

Abreviagdes usadas para correntes:
EIC (Leste da Islandia)

**"IC (Irminger)

Oeste da Groelandia (WGC)
Loop/Giro (LC)

Antilhas (AC)

EqQuatorial
Current

& Contracorrente do Caribe (CCO)

Abreviagdes usadas para frentes:
Frente Jan Mayen (JMF)
Frente da Corrente da Noruega (NCF)
150- Frente da Islandia-Faroe (IFF)
Frente Subartica (SAF)
Guth Atlantic Current st | Frente de Agores (AF)
Frente de Angola-Benguela (ABF)
so° Frente da Corrente do Brasil (BCF)
> Frente SubTropical (STF)
Frente Polar (PF)
Borda do Giro de Weddell (CWB/WGB)

ircumpolar

Fonte: Tomczak and Godfrey, 1994
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(a) A separacao da corrente do Brasil da costa Sul Americana indicada pelas
TSM entre Setembro 1975-Abril 1976; (b) A migracao da posigao de separagao
da CB entre fevereiro € marco de 1978. Durante este ultimo periodo dois
vortices foram formados (Legeckis € Gordon, 1982).

Fonte: Tomczak and Godfrey, 1994
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SeanFS Image off Southern Bmzn Coast
R } ..... 12- ‘January 23001 - P — ” ......... »
i Chlorophyll-a (mg/r‘n.‘.‘)}

........................................................

Variabilidade de mesoescala na confluéncia Brasil/Malvinas observada a partir de
dados de TSM (AVHRR/NOAA, a esquerda) e de cor do oceano ([] clorofila-a pelo
SeaWIFS, a direita).

Fonte: Garcia, et al 2004



Mosaico de imagens do CZCS (Coastal Zone Colour Scanner) de 1983.
Maiores concentragdes de clorofila podem ser observados em tons
vermelhos. Note a ressurgéncia na costa da Namibia/Angola.

Fonte: http://daac.gsfc.nasa.gov
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Buoy Id 17286

o w 50w 20w 30w

20w Buoy Id 19725

Buoys ID 17286 (red) and 19725 (blue) both move quickly along just offshore of the North
Brazil Coast. Buoy 19725 also exhibits the well-known retroflection of the North Brazil

Current during October of 1998. It is then advected by the North Equatorial Current into the
source region for the Antilles Current.
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Maps of the SADCP current vectors obtained for each of the four rings surveyed during three
cruises: NBC1: December 1988, NBC2: February 1999, NBC4: June 2000.
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CZCS composite image of the eastern Caribbean Sea for October 1979, showing the
spatial extent of the Orinoco River plume of induced high productivity that occurs
during the summer rainy season. (Image courtesy of Dr. Frank Muller-Karger,
University of South Florida Remote Sensing Laboratory.)
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