
 
Chapter 17 

Mountain Windstorms 
Strong downslope winds of the world: 
 

Foehn – Alps (warm) 
Bora – Adriatic Sea (cold) 
Chinook – Rocky Mountains (warm) 
Santa Ana – Southern California (warm) 
Katabatic – Antarctica and Greenland (cold) 
 

 

Where do downslope 
windstorms occur in 
western North 
America? 
 
 

 
Strong Chinook downslope windstorms occur every winter in Boulder. 



The Dynamics of Downslope Windstorms 
 
Windward side – upwind side of a mountain range 
Leeward (or lee) side – downwind side of a mountain range 
 
As air encounters a mountain range it must rise on the windward side and 
then descend on the leeward side. 
 

 

Lee waves – a 
series of waves in 
the flow 
downstream from a 
mountain 
 
What type of 
clouds form in lee 
waves? 
 

 
Flow associated with severe downslope winds 

 

This figure 
shows 
streamlines 
of flow over 
a mountain 
barrier. 
 
Strongest 
winds occur 
where 
streamlines 
are closest 
together. 

This type of flow can form when winds are strong upstream of the mountain 
and an inversion layer is present above the top of the mountains. 
 
Changes in the upstream wind speed and inversion cause this flow to 
change, resulting in gusty winds on the leeward side of the mountains. 



The hydraulic jump marks the transition from strong winds upstream of the 
jump to weaker winds downstream of the jump. 
 
Strong vertical winds and turbulence occur at the hydraulic jump, creating 
dangerous conditions for aircraft. 
 
Cold Versus Warm Downslope Winds 
 

 

What 3 factors 
determine the 
temperature of 
air in downslope 
windstorms? 
 
 

 
What determines the upstream air temperature for downslope winds in 
Colorado? 
 
How much adiabatic warming does air experience as it descends from the 
crest of the Rocky Mountains to Boulder, CO? 
 
Dry adiabatic lapse rate = 10 deg C / km 
 
What happens to the relative humidity of air as it descends and warms dry 
adiabatically on the leeward side of a mountain range? 
 
What determines if a downslope wind will be warm or cold in Boulder? 
 



Forecasting Chinooks 
 
What 3 weather features are required for a Chinook to form? 

1. 
 
2. 
 
3. 
 

Let’s use a historical example to illustrate these features: 
 
The January 17, 1982 Boulder Windstorm 

 
What weather conditions were associated with this strong windstorm? 
 

 

Surface weather map: 
 
Lee trough – an area of low 
pressure on the lee side of 
the mountains 
 
How does the sea-level 
pressure change from west 
to east across Colorado? 
 
How do the temperatures 
along the Front Range 
compare to the temperatures 
further east? 
 

 



 

700 mb map showing height 
contours and wind speeds for 
the January 1982 Boulder 
downslope windstorm 
 
 

 

 

Temperature soundings from 
Lander, WY and Grand Junction, 
CO for the January 1982 Boulder 
downslope windstorm 
 
At what pressure level are inversion 
layers located in these soundings? 
 
Where are the inversion layers 
located relative to the mountaintop 
level? 
 
 

 
Santa Ana Windstorms of California 
 
Santa Ana winds – the name given to downslope windstorms in Southern 
California 
 
Santa Ana winds are easterly winds that blow from the desert of the Great 
Basin across the San Bernadino and San Gabriel Mountains and into 
Southern California. 



What weather conditions are required for Santa Ana winds to form? 
 
- strong high pressure over the Great Basin 
- strong north-south pressure gradient over southern California 
- an inversion layer above mountaintop level may also be needed 

 
How do Santa Ana winds compare to Chinook winds in Colorado? 
 
When do the strongest Santa Ana winds typically occur? 
 
What hazards are associated with Santa Ana winds? 
 
The December 25, 2000 Santa Ana Winds 

 

Fremont Canyon is located east 
of Los Angeles 
 
Blue line – wind gusts 
 
Red line – average wind speed 
 

 

 

See an animation of the 
weather conditions 
associated with this Santa 
Ana wind event on the 
class web site (under the 
Weather Discussion link) 
 
How does the pressure 
change from northern 
Nevada to southern 
California? 
 
 
 



Katabatic Winds 
 
Katabatic wind – a cold, downslope wind that is the result of cold air flowing 
downslope under the force of gravity 
 

 

How do katabatic winds form? 
 
How do katabatic winds differ 
from the downslope windstorms 
discussed above? 
 
Where are katabatic winds 
most likely to occur? 
 
What weather conditions are 
associated with strong 
katabatic winds? 
 

 
 


