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Ocean General Circulation and Climate Change

Kimio HANAWA"

Abstract

0 0 The oceans play important roles in the formation of the earth's climate, and in climatic

variations and change. One of these important roles is meridional heat transport due to oceanic

general circulation, especially three-dimensional thermohaline circulation through the entire

water column. The oceans transport a huge amount of heat-as much as that of the atmosphere.

Accordingly, the north-south gradient of surface air temperature is greatly mitigated. Corre-

sponding to global warming due to increases of greenhouse gasses, the oceanic heat content has

increased sharply. Global warming might cause a weakening of the strength of thermohaline

circulation.

Key words[] general circulation, thermohaline circulation, meridional heat transport, heat con-

tent, global warming
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Annual Range of Temperature (°C)
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Fig. 10 Map of the annual range of surface air temperature. Cited from Hartmann[ 1994010 original

figure was drawn by Shea, 19860
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Fig. 20 Graphs of annual-mean absorbed solar radi-
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radiation[] broken line[] and net radiation

O lower solid line[ averaged around latitude
circle.OJ Cited from Hartman, 19940
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Fig. 30 Latitudinal distribution of annual mean me-
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line[] oceanl] broken line[] and total trans-
port0 solid line[10 Cited from Hartmann,
19940
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Fig. 40 A global map schematically identifying the location and nomenclature for most major upper ocean
flow pattern and the connections between these current systems.O Cited from Schmitz, 1996al]
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Fig. 50 A two-layer thermohaline conveyor belt summary taken schematically from Broecker(] 198710 Cited

from Schmitz, 19950
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Fig. 60 A four-layer version of the deep and abyssal global thermohaline circulation and its upper level com-

pensation flows.

Volume transport estimates(] in Sverdrups[] are in circles associated with the key path segments.[] Cited

from Schmitz, 1996al]
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SLW  Surface Layer Water
SAMW Subantarctic Mode Water
RSW  Red Sea Water

AABW Antarctic Bottom Water
NPDW North Pacific Deep Water

NADW North Atlantic Deep Water
UPIW  Upper Intermediate Water, 26.8 < ¢, < 27.2
LOIW  Lower Intermediate Water, 27.2 < 64 < 27.5
I0DW Indian Ocean Deep Water
BIW Banda Intermediate Water

ACCS  Antarctic Circumpolar Current System NIIW  Northwest Indian Intermediate Water

CDW  Circumpolar Deep Water
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Fig. 70 A three-dimensional interbasin flow schematic with typical meridional-vertical
sections for the indicated oceans, and their horizontal connections in the South-
ern Ocean and the Indonesian Passages.[] Cited from Schmitz, 1996b[]
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Fig. 80 Time series of ocean heat content for 0-300, 0-700 and 0-3000 m, for 1955-2003.
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Fig. 90 Temporal variations of the differences in
area-averaged, decadal mean surface air-
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