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Global Oceah Cenvev‘-

to differ dramatlcally from its present day state - |

« The climate leaves behind an ‘Impact on the I|thosphere s/ ',
sedlment cover What type of phyS|caI climate signal can be

Glacial Earth



Global Ocean Convevor'

balance of the deepwater sources can change, causmg c |
to differ dramatically from its present-day state.

Glacial Earth




Stommel-Arons Ocean circulation (1958)
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» Geological past shows
substantial differencesin-
ocean circulation during
warm and cold climates.

Fip. 217 The ulation ot the ocean in schematic form. The dominant features are the large, anticyclonic sub-
tropical gyres in each ocean basin, the equatorial current systems, and the Antarctic Circumpolar Current.

 Geological past shows that
-an imbalance between high
latitudinal deep-water

- sources has dramatically
-altered the climate.

Fig. 2.23 Schematic flow lines for abyssal circulation e cross-hatched areas indicate re
[Adapted from Stommel, H., Deep Sea Researc




Global Ocean (Salinity) Conveyor Belt |

* The concept of the global.conveyor has-beenspu rward by W
Broecker in 1991 and has.proven to be one
In paleoceanography. | - s 77 a2\

* This salinity conveyor belt isa truly global systém of cu' entsyinter-
connecting very distant reglons of the word ocean : '
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Global Ocean (Sallnltv) Convevor Belt

* Meridional-ocean circulation is
respon3|ble '
transport.,

/driven by deepﬁwater sou\s Q

» Geological past shows that 2
imbalance between high latitudinal

[ — ~ deep-water sources dramatically

s - . altered the climate.
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Fig.2.23 Schematic flow lines for abyssal circulation. The cross-hatched areas indicate regions of production of bottom water.
[Adapted from Stommel, H., Deep Sea Research (1958). (after V. Burroughs, 1899)




Structure of presentation
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What is the key to fhe Iarge-'sc':ale ocean circulation?




Global ocean circulation model

MOM 2 (Modular ocean- model version
(Geophysical Fluid Dynamics:LLaboratory)

Grid resolution: - horizontal: 6 x 4° (62 x 45 grid (JOINLS]
- vertical: 12 unevenly spaced Iayérs

| j_Z)

Atmospheric Boundary Conditions
(temperature, evaporation-precipitation rates, wind)

heat exchange moisture exchange
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Global ocean circulation model

The numerical model MOM 2 (Modular ocean model_version 2.2) developed
at GFDL (Geophysical Fluid Dynamics Laboratoryjgias; it ed.at Penn
State to address past and possible future cha .
conveyor. The model equations are solved with different"bou idarysconditions
representing glacial, interglacial, and possible global war'fnir_'\g SC

Atmospheric Boundary Conditions
(temperature, evaporation-precipitation rates, wind)

heat exchange moisture exchange

400

Ocean Circulation Model

3ET0

bottom topography
S |

_ Grid resolution: e i
Bottom topography (ETOPO 5)

« horizontal: 6 x 4° (62 x 45 grid pointé- o
» vertical: 12 unevenly spaced layers




Present-day control experiment

Sea surface boundary conditions (effective freshwater flux)
SST [Levitus and Boyer, 1994],

SSS [Lefitus etaimgo04]

Vertical integrated water mass transport in Sverdrup
above 1500 m ' below 1500 m

1 Sverdrup (Sv) = 10° m3s-!



Atlantic water masses

Latitude, A (deg)

Fig. 2.22 Schematic cross section of surface and subsurface currents in the Nerth and South Atlantic. [Adapted fram Wust, G.,
Kieler Meeresforschungen (1850]]
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Atlantic water masses (mirror mage)
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Characteristics of the presén't-day' Atlantic Ocean

I\/Ierldlonal overturnlnq iInSv . :
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| counterclockwise motion. 3
. Atlantic’s overturning is valid“or

within this ocean’s geographlcal boundary. (with meridional walls at both S|des
therefore, the area south-of 30°S is not shawn).

North Atlantlc Ocean heat transport in PW

1 Sverdrup (Sv) = 106 m3s™
1 PW = 10PW

latitude [©



Experiments with freshwater fluxes -
Freshwater flux| Freshwater flux | Freshwater flux| Freshwater flux [P

from central NA|[ from central NA | from SO into from SO into
into NP [Sv] into NNA [Sv] | Antarctica [Sv]| ACC-region [Sv]

-
o
©

1
Nll—‘
1

1 Sverdrup (Sv) = 10° mdsL
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. 1-Sverdrup (Sv) = 10° m3sL T,
-1 PW = 10BW e -

Experiments with freshwater fluxes -
Freshwater Freshwater Freshwater [Max. northward| Maximum
flux from flux from SO |flux from SO| oceanic heat meridional

central NA |into Antarctica| into ACC- | fluxinthe NA | overturning
into NNA [Sv] region [Sv] [PW] in the NP [Sv] §




Meridional overturning in the North Atlantic (Sv) e

~lmwo ks E

=]

oein b ot Lo —hota

-
20 3o d i - 20 30

Latitude [7] ) Latitude [7]

20 30
Latitude [7] ) Latitude [7]

\ . (1 Sv = 10° m3s?t)



Sea surface salinity in psu




North Atlantic Ocean heat trahsport in PW
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Meridional temperatUrze section.in the North-Atlantic
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Known sediment drifts

AD  —Argyro Drift —Gloria Drift
| AP —Amirante Passage 4 —Hatton Drift
—Bahama Drift —Hatteras Drift
—Bjorn Drift J —Hikurangi Fan-Drift

—Bounty Fan 0 —Hotiho Dnft <
ift 4 —Kerguélen Plateau
ift / —Moat Drift '
agascar—Mascarene Drifts* 3

—Che pml e Drift
—Cha Deep Drift C] 2 ift |
—L .mlerbur\ Drift

am Terrace Drift 8 ift ¥

I:\?\ D —h\\mb Drifts : A
—Feni Drifts 73 4 | s Bk
—Greater Antilles Drift :
—Gardar Drift

Sediment drifts reflect dévélopmerr. m °5, from tens to hundreds of thousands of years.
Drifts are formed along the deep Western boundary: currents.

Drifts reflect a long—term response to e_VIronmentaI conditions rather than a short-term
response to discrete events [Flood and Shor, 1988].






Meridional northward ocean heat transport (PW)
W= 1015 W)

Northward heat transport in the Atlantic Ocean
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Conclusions | |
e The key for global thermohaline. circulation lies in the ig 'tudes of'both

hemispheres. The global conveyor reacts sensitively re’_.e
changes. >

 Despite the fact that our chosen freshwater fluxes are s’ all-and not
realistic, depicting only the most prominent features o eaLI -world
hydrological cycle, it has been possible to mimic a THC very cloSeft
In the control run, provided both NA-NP and the southern “freshwate
- bridges” have been effected!

* The NA:-NP' “freshwater bndge“ accelerates the global conveyor and
increases the northward oceanic heat transport |

/= Freezing.of-ice (b rn,-gw “ejectlon) around Antarctica slows down the
global conveyor and decreasesythe northward oceanic heat transport.




The Oceans
and Rapid
Climate Change
Past, Present

and Future

http://www.agu.org

PENNSTATE Bernd J -Haupt

E Dan Seidov

- http://www.essc.psu.edu/~bjhaupt
http://www.essc.psu.edu/~dseidov



	Sea surface salinity�as a key�to the global ocean conveyor
	Global Ocean Conveyor
	Global Ocean Conveyor
	Stommel-Arons Ocean circulation (1958)
	Global Ocean (Salinity) Conveyor Belt
	Global Ocean (Salinity) Conveyor Belt
	Structure of presentation
	Structure of presentation
	Structure of presentation
	What is the key to the large-scale ocean circulation?
	Global ocean circulation model
	Global ocean circulation model
	Present-day control experiment
	Atlantic water masses
	Atlantic water masses (mirror image)
	Characteristics of the present-day Atlantic Ocean
	Experiments with freshwater fluxes
	Experiments with freshwater fluxes
	Meridional overturning in the North Atlantic (Sv)
	Sea surface salinity in psu
	North Atlantic Ocean heat transport in PW
	Meridional temperature section in the North Atlantic
	Known sediment drifts
	Modeled sediment drifts
	Meridional northward ocean heat transport (PW)
	Conclusions
	Thank you!

