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Motors of ocean circulation
How long since the motors exist?

What can stop the motor?
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Film sequence and classroom experiments
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1. Modern Ocean Circulation

red: near-surface currents
blue: deep currents

B. Donner, Bremen, Germany



2. Motors of ocean circulation?
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Atmospheric circulation

Figure 6-11 Atmospheric circulation and wind belts of the world.

The wind belts of the world are formed by atmospheric circulation cells. The general pattern Thurman & Tr'ujillo
shown here is modified by seasonal changes and the distribution of continents. 1999 (#2) !
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Wind-driven surface currents
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Formation of deepwater

Ml formation of NADW

formation of AABW

Rahmstorf et al. 2002 (#1)

B. Donner, Bremen, Germany



2. Motors of ocean circulation?

set in motion by major windbelts of the earth

- deepwater currents / sinking of water masses

- tides (turbulent engergy to mix all water masses)
driven by gravitational pull of moon and sun
(here: neglected)
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Locations of deepwater formation

- Norwegian-Greenland Sea
- Labrador-Sea

In the South, along margins of Antarctica: AABW

Formation of deepwater = driving force of

worldwide ,thermohaline circulation™
(thermo = heat, haline = salt)
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Rate of deepwater-formation
(recent estimate, Rrahmstorf, 2002)

salinity: 35 g/I

In the Southern Ocean
salinity: 34 g/|
rate: 21 +/- 6 Sv

In the Northern Pacific
salinity: 32 g/I
rate: O Sv
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Thermohaline stratification of the ocean

water density is determined by both temperature and salinity:
the higher the density, the heavier the water

- a warm (low saline) waterlayer rests on a cold (high saline) one

e

' surface water: warm

intermediate water: cold
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The physical pump:
formation of deepwater

- thermohaline stratification is abrogated
- substances (nutrients, O,, CO,) can be transported into

' very cold warm

cold
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Most amazing is...

properties like density oT ocean water are
of vital importance for vertical
stratification and circulation of water
masses and life in the worlds' oceans.

. hormally temperature is the dominant
factor, salinity is second-order, but
in high latitudes: salinity dominates
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Deepwater formation in the NORTH

NADW = North Atlantic Deep Water

originates in cooling and evaporation of
warm saline surface water transported by
the Gulf Stream & the North Atlantic
Current into the Greenland Sea
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Deepwater formation in the SOUTH

AABW = Antarctic Bottom Water

develops by cooling and salt precipitation
below the sea ice and shelf ice regions

densest water in world oceans

spreads across bottom layers of all ocean
basins
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Cross section of the Atlantic Ocean:

movement of the major water masses

Antarctic Polar
Frontal Zone

Subtropical Subtropical Antarctic
Convergence Drvergence

60° N 40° 20° 0 20° 40° 60° 80°S

The Open University, 1998 (#3)
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3. How long since the motors, i.e.

- modern thermohaline circulation

exist?
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Circulation in paleogene: eocene, 45 Ma b.p.

/] /] (1‘7)
Davis Strait Denmark-Strait Iceland-Faroer Passage Tethyan Passage
flach ab 26 Ma flach: 18 Ma geschlossen ab

tief ab 14 Ma

180°

120°

120° 60

7 (25) /() 3) ! 8)
Isthmus of Panama Drake Passage Indonesian Gateway | Tasmanian Passagé
auf 1000m ab 13-12 Ma| jlach ab 35 Ma schliesst seit ca. 20 Mg flach ab 50 Ma
flach ab 4.6 Ma ief ab 29 Ma flach ab 15 Ma tief ab 32 Ma
geschlossen ab 2.7 Ma

(1) Woodruff and Savin 1989, (2) Duque-Caro 1990, (3) Lee and Lawver 1995, (4) Hay 1996, (5) Haug and Tiedemann 1998,
(6) Lawver and Gahagan 1998, (7) Ramsay et al. 1998, (8) Lawver and Gahagan 2003.
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Effects of plate tectonics: in NORTHERN
hemisphere

1. closure of the seaway between the North and South American
continents in late Neogene

alter 4.6 Ma ole ntion C
surface & deep
water circulation
4.6 Ma ago:

- intensification
of Gulf stream

- initiation of
deep water
formation

after Haug & Tiedemann, 1998 (#4)
3. extensive changes in northern hemisphere climate
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Effects of plate tectonics: in SOUTHERN
hemisphere

Fragmenting of Gondwana, drift of Australia away from Antarctica
Opening of southern gateways, initiation of circumpolar current

www.odsn.de
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Plates’ constellation today:

Antarctic Circumpolar Current

South

ey ” = _' | + isolated the
, e o Antarctic continent

the region

» supported inland
glaciation

A | Y | + facilitated deep

A A water formation

Indian Ocean
q
|

- modern situation
since about 8 Ma
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after Rintoul, Hughes and Olbers, 2001 (#5)
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Southern Ocean

Ocean currents, frontal Temperature in 10 m water depth:
systems and fopography 20°C (red) to -2°C (dark blue)

after Rintoul, Hughes and Olbers, 2001 (#5)
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Formation of inland ice shield
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4. What can stop the motor?

.. changes in density, i.e. in salinity or temperature

Global warming accompanied by an increased
freshwater input into the North Atlantic could
result in major changes in THC strength

A weakening or even a temporary or permanent
cessation of NADW formation is within the range
of possibilities
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The mean annual distribution of surface salinity

The Open University, 1998 (#3)
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