
Surface ocean circulation



http://www.cpc.noaa.gov/

Sea surface temperature



Clausius-Clapeyron relation
Saturation vapor pressure 

depends onlyon temperature

Higher temperature, molecules in the 

liquid move faster, and can more easily 

escape into vapor.

More water can be present in water air

Might say ñwarmer air can hold more 

waterò. 

Each 10 K, es about doubles.

es

e e.g., h = e/es = 12/42 = 28%

or, Td= 10 C

If air cools to below 10C, 

condensation will occur
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42



The water vapor feedback

The amount of water vapor depends on the temperature.

ÅWarmer temperature causes more water vapor!

ÅThis is what causes the water vapor feedback, which we 
know accelerates greenhouse warming

Warmer 

world

More water 

vapor

Stronger 

greenhouse
Positive feedback!

For every 1 degree of warming by CO2, the water vapor feedback 

adds 2 additional degrees of warming!

ÅThis is the Clausius-Clapeyron relationship
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Evaporation minus precipitation

(hydrologic balance)



Evaporation minus precipitation

Water entering atmosphere at low latitudes (i.e., source)

Exits atmosphere at higher latitudes (i.e., sink)

Must have water moving toward poles (and toward ITCZ!)

This provides part of the energy transport.



Projected precipitation change

IPCC, Fourth Assessment Report, 2007.

Percentage change 2080-2090 relative to 1980-1999.

Patterns of changes linked to overturning circulation.



From previous classes

ÅPressure gradient force is almost 
balanced with Coriolis force ïso 
wind moves along pressure 
contours.

ÅSo why do we get 
convergence?


