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Topicos a serem abordados

As escalas envolvidas;

A Radiacao eletromagneética, cinturdes de pressao atmosférica;
As principais forgantes da circulagdo oceanica;

Circulacdo termohalina e Conveyor Belt.

Circulagao do Oceano Atlantico



Introducao

= (Os 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 circula¢do oceanica para o
para que o regime climatico dos nosso planeta (e suas
mudancas) possa ser compreendido em escalas temporais
da ordem de décadas. 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: “A Terra é uma bola de
fUtebOI mOIhada” . D. Olbers




Atlantic WOCE A16 Section — Theta e Salinidade
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Escalas x Movimentos Oceanicos
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A origem

Fusao Solar

Deutério Héli/o}
- — — + Energia
Tricio néutron

Os gases de hidrogénio (deutério e o tritio, is6topos do hidrogénio) se chocam e
formam o hélio e uma particula atobmica 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 ntcleo, que € aproximadamente 15,7 x 106 K
(Kelvin), ela continua o processo de fusao dos gases de hidrogénio formando o hélio até

acabar a sua matéria-prima (este processo levara cerca de 7 bilhdes de ano).



campo elétrico(E)

campo elétn'c;o (Z?JV
Note que o campo elétrico € perpendicular a dire¢do de propagacdo € o campo magnético
também, o que comprova que a onda eletromagnética € uma onda transversal.
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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
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Insolacao media (1991 -1993)
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Forca de Coriolis




Two Circulation Systems

Solar radiation

Global temperature distribution
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Forces Acting on a Parcel of Seawater
F=PGF+C+g+Fr

‘?Sea surface
Friction

o ‘jSeaﬂoor
= _Sea g e
/;' T

surface

PGF = Pressure
Gradient
Force

g = Gravity

C = Coriolis

Fr = Friction (wind at surface, current at sea floor, between currents)
©The COMET Program
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O campo de Pressao nos oceanos

* Grande parte das correntes oceanicas pode ser
adequadamente descrita conhecendo-se o campo
de pressao (analogia com a atmosfera).

e A pressao em um determinado ponto do oceano €
definida como o peso da agua acima deste ponto.
Este peso, por sua vez, ¢ funcao da altura da
coluna d’ 4gua em questao ¢ da sua densidade.

e« Como p(S,T,p), € possivel estimar a distribuicao
de pressao nos oceanos €, portanto, o regime de
correntes a partir de medidas de S,T realizadas,
por exemplo, por um CTD.



p(S,T,p) € determinada pela equagao de estado

da agua do mar com precisao de 0.03 kg/m3 3000
(Millero & Poisson,1981).
Como, no entanto, estamos estimando o 4000}

campo de pressdo a partir de p € esta por sua

vez esta sendo estimada por variaveis que sao

fungdo da pressao (como T), temos que levar 5000
1sto em consideracgao.

A figura ao lado mostra um perfil profundo de  ggoo
temperatura. Note como a temperatura medida

aumenta com a profundidade abaixo dos
3000m. No entanto, a sua ‘' TEMPERATURA 7000

POTENCIAL’, i.e., descontando o efeito da
enorme pressﬁo nas profundidades abissais

8000

continua descrescendo. Assim, para descontar °
estes efeitos, oceanografos usam as I
quantidades potenciais abaixo dos 1000 dbar 9000 |
(m) de profundidade. " 'OL
10 000} 8

Perfil hidrografico na fossa das Filipinas (Bruun
et al, 1956)

Enquanto encontra-se significativas inversoes da densidade in-situ,
raramente, no oceano encontra-se inversoes da densidade potencial



e O conhecimento do campo de densidade, portanto, ¢ fundamental para
o conhecimento do campo de pressao. A relacdo entre estes dois
campos € a equagao hidrostatica:

op/dz=gp,

» Para se chegar ao campo de pressao deve-se integrar verticalmente a
equagdo acima: 22
h (z7.z2) = J(‘S(T. S, p) podz

<17

A ‘h’ denominamos : altura estérica. Ou, se escrita em
termos de pressao, altura dinamica (abaixo).

P2

D (pj, p2)= ’ O(T.S.p)dp
pP1
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Fig. 2.8. Dynamic height (m2 s-2), or steric height multiplied by gravity, for the world ocean. (a) at
1500 m relative to 2000 m, (b) at 0 m relative to 2000 m. Arrows indicate the direction of the
implied movement of water, as explained in Chapter 3. (Divide contour values by 10 to obtain
approximate steric height in m.) From Levitus (1982).



Cisalhamento do Vento
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Schematic diagram of the meridional air pressure distribution and associated air

movement (a) on a non-rotating earth, (b) on a rotating earth without continents, (c)
viewed from above.

Fonte: Tomczak and Godfrev. 1994
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Vento e Correntes Superficiais

Figure 9.2 A combination of four forces—surface winds, the sun’s
heat, the Coriolis effect, and gravity—circulates the ocean surface
clockwise in the Northern Hemisphere and counterclockwise in the
(easterlies). Southern Hemisphere, forming gyres.

Figure 9.1 Winds, driven by uneven solar heating and Earth's spin,
drive the movement of the ocean’s surface currents. The prime
movers are the powerful westerlies and the persistent trade winds
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Si1x Great Current Circuits in the World Ocean

QO 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
(the Amazon river has a transport of ~0.17 Sv)

‘?-.5 ESS228
S Prof. Jin-Yi Yu




Global Surftace Currents
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A acao local do vento: Ekman
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(frictional force + Coriolis Force)




Ekman Transport

\Ekman ltransport

CONVERGENCE
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Lens of accumulated
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Deeper water

Fig.5 Currents flow (V) around a gyre when the inward Ekman transport due to the
Coriolis effect (Fc) is balanced by Fg, the outward force due to gravity.



Sverdrup balance driven by Ekman transport
convergence and divergence

Westerlies
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Tallev SIO 210 (2013) DPO Fig. 7.13



Ekman upwelling/downwelling map
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Blue regions: Ekman pumping -> equatorward Sverdrup transport
Yellow-red regions: Ekman suction -> poleward Sverdrup transport

DPO Fig. S5.10

Tallev SIO 210 (2013)



Os principais termos da equacao do movimento
sdo, na forma vetorial, os seguintes:

i —le— 200xv+g+F,

L o

Cujas componentes ficam resumidas em:

ﬁ-l—u%%;)% wﬁz—la—p+2§f}vsm ¢+F,
ot o ay & o ox

%4.“%4.1;% wﬁz— - %P +2lasin g+ F,

& & & & pdy
O O s EF L OO ot in g+F,
o ox Ay cz o oz




AS ESCALAS DE INTERESSE.:

L 10°m £104s7!
U10'm/s 2 10 m/s?
H 10°m r 10°kg/m?
WU _ 10710 4
2o owe= /= 1074 7/

P=rhz=10°1010°=10"Pa

T=LU=10"s
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1011 + 101 + 101! + 10-4 = 10 + 10-5 -10

Assim, 0 unico balan¢o importante € entre os

termos de P e g,0 balanco hidrostatico.

@:—pg Correctto 1:10°

oz

O mesmo exemplo na equacao horizontal do momento
ficaria: &:  Su  Bu &k 1 8FP
—tu—+V—FW—=———+
o ox Y oz o ax

108+ 10-% + 108 + 108 = 105 + 105



Assim, o balanco entre o termo de Coriolis € o do Gradiente de Pressao €
0 mais importante; este balanco ¢ denominado BALANCO
GEOSTROFICO. As equacdes denominadas de equacdes geostroficas
SA0:

pdx ~  pdy Copd T

Este BALANCO domina os fluxos nos oceanos com escalas maiores
que 50 Km e alguns dias !!!



CIRCULACAO DE LARGA ESCALA:

. Dominada pelos Giros Anticiclonicos

-110.00 -90.00 -70.00 -50.00 -30.00 -10.00 10.00 30.00 50.00 70.00 90.00 110.00

Fonte: www.noaa.gov



Circulacao Superficial
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Elements of the overturning circulation in the Southern Ocean

buoyancy buoyancy
loss gain PF SAF STF
- SAMW

AAIVW
Antarctica . I g

UCcDwW

1,000

000

.000 Mid-Ocean Ridge

4,000
30°

Latitude

Schematic diagram of the overturning circulation in the Southern Ocean (Speer et al., 2000. J. Phys. Oceanogr.,
30, 3212-3222).
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The sparse cobservations suggest the signature of high latitude freshening may already be detected in the Subantarc-
tic Mode Water (SAMWV) and Antarctic Intermediate Water (AAIVW) exported from the Southern Ocean to lower lati-
tudes. SAMW and AAIVV are renewed on decadal time-scales; ventilate the lower thermocline in the Southern
Hemisphere: and sequester heat and anthropogenic CO2. Determining the sensitivity of the Southern Ocean strati-
fication, overturning circulation, and water mass formation to changes in air-sea exchange is a key task for CLIVAR.

(Wong et al.. 1999. Nature, 400, 440-443) ETBE B m



Key Role of the Southern Ocean
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SAMW Subantarctic Mode Water urmIw Upper Intermediate Water, 26.8 = o, = 27.2
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AABW Antarctic Bottom Water 1IoODW Indian Ocean Deep Water
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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™.
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O Oceano Atlantico
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Levitus surface density

Levitus density 2000 m




EqQuatorial
Current

Subtropical
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so- Correntes de superficie do
“=eo- Oceano Atlantico

Abreviagdes usadas para correntes:
EIC (Leste da Islandia)

**"IC (Irminger)

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

¢ Contracorrente do Caribe (CCC)

Abreviagdes usadas para frentes:
Frente Jan Mayen (JMF)
Frente da Corrente da Noruega (NCF)

1s0- Frente da Islandia-Faroe (IFF)

Frente Subartica (SAF)
Frente de Agores (AF)
Frente de Angola-Benguela (ABF)

so- Frente da Corrente do Brasil (BCF)
1> Frente SubTropical (STF)

Frente Polar (PF)
Borda do Giro de Weddell (CWB/WGB)

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 posi¢ao de separagao
da CB entre fevereiro e mar¢o de 1978. Durante este ultimo periodo dois
vortices foram formados (Legeckis e Gordon, 1982).

Fonte: Tomczak and Godfrey, 1994
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SeaWnFS Imqge off Southern Brazn Coast
...... 2 L}Gmuclr‘)/ @301m - N
Ch]orophyll a (mg/mS}

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
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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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