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Introductions

* Who are you?
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Why Oceanography?

* Oceans cover 71% of planet — a critical earth
system component




Our Focus

* Oceans in the climate system
— Ba5|c state circulation, waves, tides
—1In nteracti n,w.tth-the atmosphere
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Earth is unevenly heated by the Su

—
solar flux
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terrestrial flux l

area=mna®

(Mcdified from Hartmann, 1994.)
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Motions of the Earth’s fluid envelope
carry much heat from tropics to pole.
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Global Heat Transport
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Winds

frictional stress
* The water moves in response
* The response is strongly modulated by

- Polar high
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Figure 9.3. Ekman current generated by a 10 m/s wind at 35° N.
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Buoyancy Basics

* Temperature and Salinity set Density
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An oceanographic section
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Antarctic water masses

West Wind

Antarctic Divergence

Polar
Current




WOCE: World Ocean Circulation
Experiment (1990-2002)
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Impression of smooth flow is
erroneous

* The traditional view of a smooth, steady

- flow is largely due to insufficient
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1 year coupled
climate simulation

Ocean 0. 1° to O. 25°

Ay -m-——-am-.- sl e = - ey

g~ o

' . - ). ? Ir'l

vm
-l tl,

Pseudocolor
Var: SST

Units: de% 2
0

24.75

—16.50

ht‘fp*//www a0s.wisc. edu/NgaIeQ/ 8250

| research.html oo

Max: 32.89
Min: -1.000e+34




Simplified overturning circulation

Y Simplified global overturning circulation
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Eastern
array

Mid-Atlantic ~ (VL0
Y Y Ridge moorings B

Effective monitoring. The RAPID/I
toring array, operational since 2004,
ures the transport of the Gulf Stream
Strait using an undersea cable (r
moored array along 26°N measures
sure and water column density at th
eastern boundary and on either sic
Atlantic Ridge; in the lower panel
shown in detail for the western boun
cles in this issue (2, 3) report resul
year of the array’s operation.
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Variability in the thermohaline
circulation in the North Atlantic

Northward Transport (Sv)
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El Nino / Southern Oscillation

El Nifio Conditions
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Ocean’s large heat capacity allows '
substantial modulation of climate warmi

S\ Heat absorbed by the
Heat absorbed by the continents (Beltrami et al., 2002) world ocean

Heat required to melt continental glaciers at estimated maximum melting rate
(Houghton et al., 2001)

Heat absorbed by the atmosphere during 1955-96 (Levitus et a/., 2001)
Heat required to reduce Antarctic sea-ice extent (de la Mare, 1997)
Heat required to melt mountain glaciers at estimated maximum melting rate
(Houghton et al., 2001)

Heat required to melt northern hemisphere sea-ice (Parkinson et a/,, 1999)

Heat required to melt Arctic perennial sea-ice volume (Rothrock et al., 1999)

Figure 3. Estimates of Earth’s heat balance components
(10** J) for the 1955—1998 period. Leitos et . 2005




Oceans absorb anthropogenic CO,
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But the uptake also drives acidification
— ecological impacts?

Before the Industrial Revolution (left], most surface waters were substantially “oversaturated” with respect to aragonite (light blue),
allowing marine organisms to form this mineral readily. But now (center], polar surface waters are only marginally oversaturated (dark blue).
Atthe end of this century (right], such chilly waters, particularly those surrounding Antarctica, are expected to become undersaturated
(purple), makingit difficult for organisms to make aragonite and causing aragonite already formed to dissolve.




Summary

 QOcean is integral to the climate system. It carries
substantial heat from equator to pole.

, .'~ Clrculatren can be explained by Navier Stokes on a
| ' %ﬁg; re, :Forced by winds and buoyancy
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Current Research

 Knowledge of the ocean is rapidly expanding
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Skills for ocean and climate research

e Data analysis




Syllabus Review

. Please also read carefully before next class.




