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Definicao

A Processo de ascenséo de aguas para a
superficie do oceano condicionado por
efeitos fisicos associado a uma
divergéncia na superficie
i Alteracdes em processos fisicos, quimico,

bioldgicos e geologicos
I Equacao da continuidade



Consequéncias da Ressurgéncia

A Esfriamento da camada superficial

A Aumento na concentracdo de nutrientes

A Aumento de producio primaria e secundaria
A Aumento em taxas de deposicédo

A Formacéo de depdsitos de fésforo

A Adaptacdes no esquema de recrutamento de
larvas



Tipos

A Ressurgéncia devida a ventos
I oceanicd equatorial
I costeird margem leste dos oceanos
A Ressurgéncia de quebra de plataforma
A Ressurgéncia devida a vortices ciclonicos
A Ressurgéncia associada a meandros
A Ressurgéncias devidas a ondas internas

A Ressurgéncia devida a efeitos topograficos



Ressurgéncia Costeira

Coastal Upwelling: Canary Current
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Modelo de Ekman

Surface currant

Price et al. 1987. Wind
driven ocean currents and

Ekman transporcience
238, 15341538

Stacey et al. (1986. A
wind forced Ekman spiral
as a good statistical fit to
low-frequency currents in
a coastal straiScience
233, 470472



Modelo de Ekman

A Equilibrio entre FCoriolis e tensdo do vento

A Oceano sem bordas e profundidade
llimitada

A Gradiente de presséo nulo

A Vento constante

A Termo de turbuléncia constante



f1 termo de Coriolis
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Fig. 5.05 A perspective drawing through an upwelling region illustrating the offshorc ao Iongo de u ma ||nha paralela ao

Ekman drift in the upper tayer being replaced near the coast by upward moving water

from the lower layer. The upwelling water, usually cool. is separated from the offshore Ve nto
warm water by a surface front parallel to the coast. The wind blows from north to

south.



(a) Vertical section
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(b) Plan view
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Fig. 5.06 (a) A section across an upwelling region in which the upper layer of density p,
and depth H overlies a deep layer of density p,. The interface between the layers rises
from the undisturbed depth H,, to the sea surface in the distance R;. At the sea surface
the interface lies a distance D from the shore. (b) A plan view of the currents parallel to
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the coast which are generated by the distribution of density in (a).

DT distancia da frente em relacao a
costa

Ri 1 largura da regiao onde a interface
entre a camada superior e inferior
(picnoclina) atinge a superficie

Csanady(1981) demonstrou que a apt
a interface alcancar a superficie ela st
move para mar aberto. Uma camada

de 20 m de espessura leva 28 h para
atingir a superficie com um vento de 7

m st R _ /—gH
' f

. Dr

Q
1



Hemisfério Sul - Divergéncia e Convergéncia Costeira

de
¥

Ressurgéncia Costeira (Upwelling)

o - -

Subsidéncia Costeira (Downwelling)
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Peru Current Upwelling

3

o

DEPIH (m)

O sistema de ressurgéncia da costa do
Peru/Chile. C
(a)Componente longitudinal da velocidade (em s
1, positivo em direcéo ao Equador);

(b) componente transversal da corrente (€lm s
positivo em direcao a costa), o transporte de
Ekman para mar aberto € indicado por valores
negativos na superficie;

(c) temperatura médi&Q);

Dados cobrem o periodo de 22/B0/5/1977.

(d) Temperatura superficial 2@3/3/1977. From
Brink et al.(1983).
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California Current Upwelling

OEPTH(M)

g

DEPTN (m)

Mar2, 1999 Apr22 1999

Alongshore flowv (top; cm s1, positive is poleward), cross

shelf flowu (middle; cm s1, positive is shoreward), and density

Gt (bottom) in the Californian u

Left: During weak wind conditions, right: during strong wind

conditions. Intensification of upwelling during strong winds is

indicated by an increase urand an increase in equatorward

flow accompanied by a reduced undercurrent. The shallow STANCE: Fa0e Sne o)

pycnocline (near Gt = 24.5) breaks the surface,

forming a front some 20 km offshore during periods of stronge| Nifio conditions had two direct effects on nutri

upwelling; when the wind relaxes this front recedes towards §“LFppIy: (1) reduced upwelling resulted in severe

coast and may eventually disappear. From Huyer (1976). : A : :
nitrogen limitation during the normal upwelling

season; and (2) enhanced poleward movement
warm, high salinity water resulted in anomalousl
low N:P ratios in the halocline. The latter effect

contributed to nitrate

spring.




Resurgéncia na costa da Somalia

80% da deposicao de Thalassionema
nitzschioides e 78% da deposicao de
Chaetoceros ocorreu durante o periodo de
ressurgéncia.

Como estas duas espécies sao dominantes na
assembléia de diatomaceas nos sedimentos,
elas determinam, portanto o conteudo de silica
biogénica. Conclui-se que esta silica reflete a
ressurgéncia na camada superficial.

Assim, na margem da Somalia, variacdes no
fluxo de silica biogénica como os inferidos a
partir de registros sedimentares podem ser
usados como um indicador de mudancas na
intensidade dos eventos de paleo-ressurgéncia.

E. Koning et al. / Deefsea Research | 48 2474 (2001) 2473
2495




Imagem AVHRR/NOAA-14
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A ressurgéncia de Cabo Frio

C.A.A.H. Carbonel / Continental Shelf Research 23 (2003) 1562 1558
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Fig. 2. 88T ("C) observed in: (a) the first survey from 4 to 6
February 1971; and (b) second survey from 10 to 13 February
1971 (From Maghoeoa et al., 1979).
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Velocidade do Vento (nés)
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Cruzeiro La Plata
Fev/2004

Wind Velocity (m/s)

15

58

15¢ T [ [ T I

Temperature

Sta. Marta Cape |

Rio Grande"‘ ‘

56 54 52 50 48

csm

\

l“}l’/[///}/}/?//? 7 /’ ///:/// '/ '[/'/”'//
S |

10+~

o
1
=

r r r r r

r

(N 7 /% |

r r r r

=

01/01 06/01 11/01 16/01 21/01 26/01 31/01 0502 10/02 15/02 20/02

-32

-33

-34

NN G L
NN

j$N

abo de Santa Martaz

[N Ny



Dados Cruzeiro La Plata

26

28
Sta. Marta Cape ©

Temperature

Rio Grande: 32

34

36

f{lar del Plata 38

i e
58 56 54 52 50 48 46
1 1 1 1
February
2004

30
10 16 Feb 2004
25 | =15

T RK

5 3.6 PSR R R
34 R i i R S S
3.2 e L s
R
. . 130 3
- Sa||n|dade 36 -27 28 Rerrrrrreseressesa
- BT bR KR e e
—2.6 . T erev¥derreseecees| o
24 Tk‘\<—ez¢¢¢z.&{z!e<—e¢(—(—(—
-28 == b ERREmRE L o e e e

@Lzabo de Santa Marta

T e R REER W R R R TR o)

[
e o N R  al a a AAA
F e e e R R ERTREER®RR RS ey

36

e e e R ERRERRRRARARRER R RRTE ¢ ¢

K EECE T RERE R g
Lfdresnmmi k&L
VY b b e RRE Db
i+ rAR

B

Yk by AR
320 330

. EL, i wind speed: T NN
0 E 10 15 ) 24 30+ 0 1000 2000+
T T T T T 40 54 52 -50 -48 -46 -44 meters fsscon (meters amal)

P~ 7
e — = 7
Fe —= =

38
sk -33




Temperature

28
2B
24
L
20
14
16
14
12
10

Santa Marta - Summer

HTQ AR

+*

@ CTD Stations

@ Plancton vertical tow

® Two level plancton tow

<« Motoda horizontal tow, 2 levels
Radiometer bouy
Benthos

A Surface drifter

35

10 -17 Feb




8 Feb PM

-45
45

A
&1
(I
°
e
- s
o
L =~ W
; s Ll =
UL = [y
i =S 2T
§3rc o 3| 2
fl : 2 =
I o R
1 od o = N
o £ @ = B
s o D B
3 = 2 mm : 2
18 £ 2 =N s |
& 3 T 5
(=3
'] Q I3 '] Q o 05
o @ @ & ? ? i

12 Feb PM

v
&
! A
ol &
i3 3T 8
© ) i e
| & e 212
8 & S 87
0 e S G ®
RS TN RN T [ AN e’ DU (N VO LS W A [ < < ol o
‘««tAtAAAAAAAAbbbp‘viJ,VAﬁ .m S £ £ L
RAEEEEEE PR R s bt a el ! S :
1% Y P e i — =7 -
R R R E PR R e 9 « 3 I
i 4 L S B o o ? <2
S ALRRR AR S
¢< !1,‘ ‘AA“’ AR~ Y‘
" VRS il o
L VA SRS B
a PO L
1 1 i
- 0
?
1 = B
i I < - = B
3 | 7Pu. 7FL,
T T T — = ° T P T
v =3/ oll ®
L . | R L L L I o [ 8 e
{ 1 \ -~ R A R % R ARRR & 2T a 5°e ety
\vvvvv4<43+¢¢t4AAAA»vMW «esvvy™ .vvwvvvvv’vivv,v‘,ec - _mm e
Yy vwYYYY VY e A 3aN\y \ 23 81 % 8 t
\M,ﬂt,A&qqﬂH&AAAALbbr‘v‘V\ AAAAAdi‘cvvvvvv.v.vvv,vv ,Mmlm - g B .m1 -
. u&«t&zéatAAAAAAt»v‘v*w ﬂ)ﬁtAd«dthﬂvtvvvvvavvy = 8 ioge 75
N ~ T ° (S e
‘d.é(&mv/:AAAAAAAAAA»vi‘vv‘ ‘ Teww e wrrw X R AR ewn | | 3 2R E =) S 2t [\ 18!
,,.tA‘AAA»»Abrvv*‘O SgmEE KRR Ay oww | Qs s ~z0 =z -
- © SRR AR e ey vy : : : : : : : =8
4 D S % oo Q 0 0 o o o
Pvrd EErrrvv vy | ? ? o R ? X

‘~VVVvvvvvt
YL avvaa
Na v ey

- L S
= ¥ oa el !
ki o R
] o (4~
| 17 X
7 L seecatSY/
4 L o o
~
=i i - : B \m = — T T T =l
L L ] )
| L g 3

T T T A
RS TS A T R A A
vvvaVVVV\vvivvv vqﬂtt
vav&ﬂvvvvqutq |
. TMrvvrrvey

- ¢111¢14

1

1

14 Feb PM

-60
Il
-60

-30
-35-
-30-



Depth (m)

Depth (m)

-100+

-150+

-200+

-250+

-300+

-350

-50+1

-100+

-150+

-200+

-250+

-300+

-50-

0 50 100 150

Distance offshore (Km)

0

50 100 150
Distance offshore (Km)

21.5
20.5
19.5
18.5
17.5
16.5
15.5
14.5
135
12.5
11.5
10.5

37
36.5
36
35.5
35
345
34
335
33
32.5
32
31.5
31
30.5
30

E stuturaV ercal

<-

Inverno 17 Verao - >

Temperatura

Salinidade

Depth (m)

Depth (m)

-50+1

-100-

-150

-200

-250

-300-

0 50 100 150
Distance offshore (Km)

-50

-100-

-150-

-200-

-250-

-300-

-350 \ \
0 50 100 150

Distance offshore (Km)

37

36.8
36.6
36.4
36.2
36

35.8
35.6
354
35.2
35

34.8



-100+

Depth (m)

-250+

-300+

-350

Depth (m)

-1504

-200+

-50+4

0

T T
50 100 150

Distance offshore (Km)

-501

-100-

-150

-200

-250+

-300-

-350
0

50 100 150
Distance offshore (Km)

'OOHNOO-PU'IO‘)\ICOKO

=
o K

O P N W~ 01 O N 00 ©

PR RE PR
oORNWNUTO

<- |nverno 1 Verao - >

Nitrato

Silicato

Depth (m)

Depth (m)

-100-

-150-

-200-

-250-

-300-

-350

-100-

-150+

-200+

-250+

-300+

-350

-501

0

-501

50 100
Distance offshore (Km)

50 100 150
Distance offshore (Km)

10.5

w ~ 01 O N o ©
[ IS IS RS S IS S

o =N
o € k !
U.IU'IU'IU'I

10.5

© ©
oo,

=ohow oo N
IS IS S S B S BN S, B3

o
ol



Depth (m)

[?epth (m)

0+

-50+

-100-

-150-

-200-

-250-

-300-

-350

oD a

ml/l

0

-50

-100+

N
ol
e

N
o
?

-250

-300

50 100 150

Distance offshore (Km)

Turbidez
uT

-350
0

50 100 150

Distance offshore (Km)

13
12
11

w ~ O O N 0 ©

Depth (m)

-100+

-150+

-200

-250+

-300+

-350

-50+

<- Inverno i Verao ->

0

50 100 150
Distance offshore (Km)

===
nNDw b

CoOoo0o0 ok
U1 o N o © =

o
~

cooo
N W

Depth (m)

Depth (m)

-504

-100-

-150

-200+

50 100
Distance offshore (Km)

150

Turbidez
-250-
uT
-300-
-350 ‘ ‘ |
0 50 100 150

Distance offshore (Km)

L T e ——
w ol

N NN
N M OO ©© N M O

W w
o o

5.4

4.6
4.2
3.8
34

2.6
2.2
18
14




Depth (m)

_50,

-100-

-150-

-200-

-250-

-300-

-350 ‘ | |
0 50 100 150

Distance offshore (Km)

Depth (m)

_SO,

-100-

-150-

-200-

-250-

-300-

-350

0

50 100 150
Distance Offshore (Km)




Conclusoes

A ressurgéncia do CSM:

E um processo que-ocorre em pulsos que séo-associados ao ritmo
de passagem de frentes meteorologicas pela area.

Depende do tempo de duragdo em-que ventos de NE/N soprem
sobre a regiao.

Em funcdo do regime de ventos, a maior probabilidade de
ocorréncia @ nos meses de primavera e verao

[H

O modelo de circulagao sazonal da

area segue o proposto por Campos et o
al. (1995)) -----mmmmmmmmmmmmn S
No inverno AC (PRP) e AT da | Lo |

Corrente do Brasil separam ACAS da g
costa.

CW

Eventos de ressurgéncia de quebra de 200-
plataforma podem ocorrer no
INnverno.
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Conclusoes

No inverno, maximos de superficiais de Silicatos, Turbidez e
Fluorescéncia ocorremna PRP'e na area da FSTP. Proximo ao
fundo, os:‘maximos de Silicatos e de Turbidez podem estar
ligados a turbuléncia.

No verao, o processo de ascensao de aguas injeta nutrientes na
camada superficial, entretanto a area afetada € muito restrita
guando comparada a situagao de inverno.

Pergunta: a ressurgéncia € realmente importante para a produc¢ao
biologica da area do CSM?






