
OCN/ATM/ESS 587…..The Ocean (#4)

• The Gulf Stream and climate

• Ocean/atmosphere interactions in the past (glaciations)

• States of the global atmosphere/ocean



The Gulf Stream and Climate:

‘One of the benign offices of the Gulf Stream 
is to convey heat from the Gulf of Mexico, 
where otherwise it would become excessive, 
and to disperse it in regions beyond the 
Atlantic for the amelioration of the climate of 
the British Isles and all of western Europe.’

and were this not to happen ...

‘.. the soft climate of both France and 
England would be as that of Labrador, 
severe in the extreme, and ice-bound.’

…Matthew Fontaine Maury, in The Physical Geography of the Sea (1855)
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•

Palm trees are known to grow in the southern part of 
Ireland (∼50°N) due to the mild climate there; is this the 
influence of the Gulf Stream?



Sept. Sea Surface Temp (°C)March Sea Surface Temp (°C)





Departure (°C) from the zonal mean January air temperature derived 
from the NCEP/NCAR reanalysis.
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Poleward heat transport by the atmosphere and ocean



Contributions of heat transport and heat release from the 
ocean to air temperatures over the Northern Hemisphere:

(1) Winter atmospheric heat transport across 35°N:  6 PW, or 54 watts/m2

(2) Annual mean ocean heat transport across 35°N:  1.3 PW, or 11 watts/m2

(3) Seasonal ocean heat release north of 35°N:  53 watts/m2

Assume a sensitivity of 2 watts/m2 per °C; then warming north of 35°N is

27 °C due to atmospheric heat transport

6 °C due to ocean heat transport

27 °C due to storage
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53 w/m2 (winter)



The total release of sensible, 
latent, and radiative heat from 
the ocean to the atmosphere, 
Dec-Feb.

Ocean heat flux convergence

(a)

(b)

(c)

Seager et al., 2002

[note:  > 0 implies ocean loses heat]

Atmosphere heat flux convergence

[small!]





ΔT ∼ 3°C



ΔT ∼ 12 °C





Rhines and Hakkinen, 2003
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all ocean heat removedProblems:  poor heat storage data;
effects of fresh water; etc.



A schematic drawing showing the Milankovich orbital parameters.

(∼20 ky)

(∼40 ky)

(100-400 ky)

Climate variations:  quasi-regular…



[from Hartmann]
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[from Hartmann]

Fig. 8.8

Gulf Stream/N. Atl. current





Fig. 8.11

[from Hartmann]





Broecker et al., 1985

warm; open to high lat.;
high net evaporation

NADW

cool; closed at high lat.;
low net evaporation

warm; high net evaporation
NPDW??

cold; ice covered;
low net evaporation


