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Introduction:  

Many mountain ranges commonly show large gradients in precipitation across them: Andes, 
Himalaya, Cascade Mountains of Washington state, Sierra Nevada of California, and the Rocky 
Mountains as a whole.  The most common explanation for these gradients is rain (or 
precipitation) shadowing.  Rain shadows are described as caused by ascending air and 
precipitation on the windward side of a mountain range followed by descending air and a 
reduction in precipitation on the leeward side (i.e., the shadow). 
 
At first glance, an explanation for the rain shadow is easily demonstrated and intellectually 
satisfying: air goes up on the windward side producing clouds and precipitation, and air goes 
down on the leeward side inhibiting clouds and precipitation. Upon deeper reflection, however, 
such an explanation may not be so obvious, especially when attempting to quantify the 
magnitude of the rain-shadow effect, given the wide range of mountain ranges around the 
world, their different climatological environments, and the variability of the weather.  For 
example, recent research on the Cascade Mountains reveals that precipitation can pass over 
the ridge when lee-side descent is limited by stable layers and a cold boundary layer, as well as 
minimal subcloud evaporation of precipitation.  Different synoptic environments provide a more 
favorable situation for rain shadowing, namely warm fronts tend to have less of a rain-shadow 
effect. The results of this research, however, have not been generalized to other mountain 
ranges around the world. 
 
The problems with quantifying the rain-shadow effect go beyond understanding the physical 
processes involved.  Consider the definition of a rain shadow.  The Glossary of Meteorology 
website defines a rain shadow as “A region of sharply reduced precipitation on the lee side of 
an orographic barrier, as compared with regions upwind of the barrier” 
(http://glossary.ametsoc.org/wiki/Rain_shadow).  No time scale is mentioned in this definition.  
Is this definition applied instantaneously within a storm, applied to storm-total precipitation, or 
applied to climatological data?  Or, is the time scale irrelevant for the application of the 
definition?  What about the spatial scale of the reduction of precipitation?  How far away from 
the mountain crest does the rain-shadow effect extend?  It would seem that a rain shadow 
would have to persist farther downstream than just the immediate descent in the lee of the 
mountains.  An extensive minimum in precipitation downstream of the mountain would require 
wave-breaking and the entrainment of dry air aloft.  Similarly, what does “sharply reduced” 
mean when trying to quantify the rain shadow?  If a windward site received 4 mm of rain and a 
leeward site received 3 mm of rain, would that qualify as a rain shadow?  What if there is less 



 

 

precipitation on the lee side for reasons other than the up–down mechanism?  Is this still a rain 
shadow?  These questions raise the spectre that the seemingly obvious definition is challenging 
to apply when faced with real data.  

 

Project Summary:  

 
This project will investigate the factors that control the magnitude of the rain shadow in various 
environments around the world through observations, real-data modeling, and idealized 
modeling. 
 
We are looking for students who want to be challenged, develop a range of skills including 
theory, observations and modeling, and enjoy studying the natural world.  Your background can 
be in meteorology, atmospheric science, physics, math, or a related field. 
 
The student has much say in the direction of this project.  Potential research projects could 
answer the following questions. 
 
• What factors control the strength of the rain shadow at mountain ranges around the world? 
• What processes are responsible for strong versus weak rain shadows? 
• Can the results from observations be generalized through the use of idealized numerical 
models of orographic precipitation using a mesoscale model? 
 
Students are also encouraged to suggest their own research project within the broad topic of 
orographic precipitation.  Please contact Profs Schultz and Kirshbaum to discuss your ideas. 

 
 

  

Image 1 – Radar rainfall rates (mm h–1) at 0815 UTC 5 �December 2015 showing lee-side rain 
shadow.  

 



 

 

  

Image 2 – Simulated vs observed rainfall (mm) under  different flows over the Olympic Mts 
(WF=warm front, WS=warm sector, PF=postfrontal)  
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