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PIRATA SWE

Motivation

The South Atlantic receives
considerable inflows from the
Pacific, through the Drake
- Pd_,s‘sa e__and from the Indlan
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Modeling studies with coupled
climate models suggest that
major changes in the strength of
the THC significantly affect the
atmospheric and oceanic
circulation on a global scale.

The Atlantic Thermohaline Circulation
- A key Element of the Global Oceanlc Clrculatlon -

Because the seasonal cycle
~and interannual variability
- are strongly linked to the

cllmatologlcal mean state, it R
“_JS | ’Xpected that they also be '
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The Modes of Variability of
the Tropical Atlantic

The interannual variability in the
Tropical Atlantic is dominated by
two modes of variability: The
Equatorial or Cold Tongue Mode
and the Gradient Mode (former
: 7dipo|e)

- The Gradlent Mode is a decadal
emode of varlablllty, In which the
:':;;g»:_q_uatorlal North Atlantlc is warmer

Gradlent Mode

Cl=05x10° J n® b,

Cold Tongue Mode (EI Nino type)

a) ., Heat content _ C=05x10* J m* b) .., Wind stress
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The climate in the east Amazon and NE Brazil is strongly affected
by the combined effect of both the Pacific ENSO and Atlantic
Interhemispheric SST gradient modes.

SST ANOMALIES °C
JAN 04, 1908

weakened
Warm water and northeast
lowr sea-level tradewind

prassure

( ( Qﬂd anamaly

=

Cold water and strengthened
high sea-level southeast
FII'HH-'B-I..II"G‘ tradewind
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Ralnfall Climatology

East Amazonian (EA), NE
Brazil and the African
Sahel rainfall is associated
with the position of the
Intertropical Convergence
Zone (ITCZ), which in
‘turn is strongly linked to
;_Ihe meridional gradient of
k_sea surface ftemperature

January
20w 0

Wf‘.\\'(‘ék%
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The thermocline 7~
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The Agulhas
leakage is formed
by an average
number of 6 rings
per year, each
transporting
between 0.5 and
1.5 Sv.

A northward shift of
the zero wind stress
curl line could
~interrupt the
‘Agulhas leakage

THE “AGULHAS LEAKAGE”

SOUTH ATLANTIC C.

SOUTHERN
AFRICA )

AAAAAAAAA
RRRRRR

&?H;ude c_)f zero wind stress
/ —

AGULHAS RETURN C.

Southern Ocean

| |
AFTER J. LUTJEHARMS
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~ Events of extinction and

_""'-Pas‘r evidences of interruption
of the Agulhas Leakage

Paleoceanographic records
Indicate that the Agulhas leakage
might have been interrupted
during the last glacial period.

-_; _._ *reappearance of foraminifera

Peeters etal., Nature 430, 661-665 (2004)
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The effects of changes in the THC on tropical Atlantic
climate and variability was investigated using an
atmosphere-ocean coupled model.

Influence of the Meridional Overturning Circulation
on Tropical Atlantic Climate and Variability

- NOMOC

Reindert Haarsma', Edmo Campos®, Wilco Hazeleger', Camiel Severijns'

J. of Climate, 2007 (accepted)  ’ ; = ,-,?':ij

Impacts of shutting off the Agulhas leakage on the tropical Atlantic
in a coupled ocean-atmosphere model

Edmo J. D. Campos’, Reindert J. Haarsma?, Wilco Hazeleger?, Camiel Severijns? and
Sybren Drijfhout?

In preparation. To be submitted to
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The CONTROL Experiment
(present day conditions)

som _!ieu surface temperature _ Cl=0.1K d)

BON

Sea surfoce temperature T p=0aK 4

The CONTROLrun- S|mulates reallstlcally the troplcérAtlantlc
varlablllty including the gradient mode and the cold tongue mode.
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Experiment 1

Total collapse of
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Results (NoMOC)

The meridional overturning circulation of the CONTROL experiment is
about 18 Sv. The meridional heat transport is about 1 Pw. These
values are approximately in agreement with the observations.

The MOC is collapsed and the circulation becomes dominated by two
STCs of 4 and 6 Sv in the South and North Atlantic respectively.

Z {psu) @ 22 te 27.94 {summsad}
TIME : 26—JUL—10858 C0:00 to Cd—JUN-DRTBESET-Odafome ratid )s INITSTATES

- The meridional heat
transport Is reduced to 0.3
- Pw, implying that about 70%o
{of;th_e ocean heat transport IS
~ due to the MOC | R

NTROL

P
g

T T T T T T T
aces Zoes o= 207N 4071
_____ ———— LATITUDE

Meridional Heat Transport (PW)

Meridional heat transport (Pw)
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SST differenceannual mean

NO-MOC minus
CONTROL

The change in the Atlantic
circulation strongly affects the “
temperature and salinity .
dlstrlbutlon w1

Sy

I = = M 44 + tnm o m -]l In

LATMIDE

T her SST anomaly reveals a dlpole
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Most of the changes in the mixed layer temperature are due to changes
In the ocean heat transport.

TIME : 11—SEP—108% 00:00 to 21—-JUL—1088 00:00 TME : 11-SEP—108% 0{0:00 to 21—-JUL-1088 00:00

S66E°E

20N —{ HCYF

LATITUDE
LATITUDE
LATITUCE

46°5 |

T
Ll
CONTOUR; SSTPER—SSTCON[Z=22.5]

COHTGLR: SETPER-SSTLONCZ=22.3] LONG‘TUDE CONTOUR: STPER-SSTCON[Z=23.4] LONGITUDE

- Cooling in the NW Atlantic is due to changes in horizontal ocean heat
; transport, caused by the reduction of the western boundary current. B
i In the tropical Atlantic the warming is due to reduction of the oceanic |

coollng due to vertlcal entralnment




CGrupode Cstudod do Occanoe do Clima

GEOCLIM

NEEEEEEENE
p—"

NEEEEEEENE

« « The warming of the tropical Atlantic enhances the
- Hadley circulation, mainly in the boreal summer when

- theincrease of tropical SSTs is largest.

In addition to the strengthening there is a southward
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The largest changes in rainfall occur during JJA =
and are in the order of 5 mm/day. During this =~
season the ITCZ is shifted southward, whereas i

is shifted northward during DJF :
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Change only the boundary

conditions in the South Eastern
corner of the MICOM-Atlantic
basin.

Q.0
Q
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~-3°to -5°C

Temperature
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NO_AGULHAS minus CONTROL

Difference of averaged temperature and salinity ’
profiles along 30W |
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Across BO(W only the sallnlty anomalies appear in the mixed layer. This

|s because the temperature signal is damped out more quickly by
i hanges with rthe atmosphere o
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Surface Mixed Layer
%AEES:U)QQ—QDZSC—MB 00:00 1o 07-NOV—1147 00:00 mg’ z(ps”) 223 HEE
m—__._lemperature

% ws: % el 7
- After 50 years run, the dlfferences between the NOAGU averages and the

- CONTROL climatology show a cooler and fresher SA, and a strong
l Increase in salinity in the southern tropical region. This is due to the

Lorthward shift of the ITCZ.

e St R e~
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Mixed Layer

= Isopycnal Layer 8 Sigma=26. 18 |
At the surface (top panels), the temperature anomaly does not reach

- the equatorial region, which shows a sligh warming up in the eastern

mrxed layer.

00 GO PR A

| EUC and are advected eastward.

' side of the basin. There is, however, a freshening of the equatorial

. Within the thermocline (lower panels), both T and S signals reach the
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response NO AGU NEW — CONTROL TEMPS25
S0ON %\ \g' ?

20N T

TOM A

100W  8OW B0W 404 20W 0 20E 40F 60E
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o ,'{L —-0.7 -0 5 —0.5 —0.4 -3 —0.2 -1 (e8| 0.2 a.3 o4 0.5 0.8 a7

:Fhe_ atmosphere is cooled down over the Agulhas Region, due to the
NOAGU cold anomaly. The colder air is then advected northwestward

by
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“The northward shift of the. 1TCZ, ?

causes a decrease in precipitatig
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LATITUDE @ 15 to 1IN LATITUDE : 15 to 1N
TIME : 29—DEC—1137 00:00 to O7—NOV—1147 00:00 TIME : 28—-DEC—1137 00:00 to O7-NOV—1147 Q0:00
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o —
= Along the guator, the thermocline gets cooler and fresher The mlxed
[

layer is algo freshened in the NOAGU experiment. However, the mixed
layer hardly changes.

- A slight warming up is observed in the bottom of the mixed layer in the
| eastern Atlantic. Why’?’)’?

e — e e N
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3. Conclusions

Closing of Agulhas leakage experiment:

» Cooling and freshening of South Atlantic

Possible cause: advection of cooler and fresher water due to shutdown of
the warm water path into the Atlantic

e Limited impact on equatorial climatology and variability
* Northward shift of ITCZ

« Anomalies advected by the EUC reach and affect the Guinea Dome region
Possible cause: increased stability of eastern equatorial mixed layer

NO MOC experiment:
 Equatorial thermocline becomes warmer and more saline = -
Cause: Weaker MOC advects less cold and fresh water from the midlatitudes
into the equatorial region.
 Large impact on equatorial climatology
» Disappearance of cold-tongue mode

 Enhancement and southward shift of tropospheric jet in the N. Atlantic
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