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Orographic Precipitation I:

Observation and Theory Overview



“To explain the amount and distribution of orographic
rain …requires consideration of aspects of 
meteorology on three different scales. First, there 
are the large-scale synoptic factors which determine 
the characteristics of the air mass which crosses the 
hills, its wind speed and direction, its stability and 
humidity. Second there is the dynamics of the air 
motion over and around the hill or hills with which we 
are concerned; this determines to what depth and 
through what layer of the air mass is lifted. Thirdly, 
there is the microphysics of the cloud and rain, 
which determines whether the water which is 
condensed as cloud will reach the ground as rain or 
snow, or whether it will be merely re-evaporated on 
the leeward side.”

J. S. Sawyer (1956)
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…large-scale synoptic factors…
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…dynamics of the air motion 
over and around the hill…
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…microphysics of the cloud and rain…
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A Few Examples 



Wales , UK  (stippled > 150 m)
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Sawyer (1956)
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Neiman et al. (2002)
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Rain rate in coastal mtns directly 
linked to upslope flow at coast.

In blocked flow, near-sfc winds do 
not provide useful rain-rate info.
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Wang, Rauber, Ochs
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Schroeder (1977)

Thunderstorm
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Caracena et al. (1979)



Caracena et al. (1979)

Thunderstorm



Many-Scaled Topography



Alpine Precipitation Climatology

Frei and Schär (1998)



A Little Moist Thermodynamics and
Cloud Physics…
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McDonald (1958)
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!!!

Rogers and Yau (1991)
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Orographic Precipitation
Summary

• Large – Scale (Wind, Humidity, Stability)

• Mesoscale dynamics of orographic air flow

• Microphysics
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