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Concept of atmospheric rotors and low-level turbulence 

• Severe low-level turbulence in the lee of mountains is commonly associated to large-amplitude 
lee waves leading to the formation of atmospheric rotors and ensuing turbulence generation. 

• A conceptual model of rotors emerged from field experiments over the Sierra Nevada and the 
Colorado Rockies in the 1950s and 1970s (Holmboe & Klieforth 1957, Lester & Fingerhut 1974). 

• However, the concept proves to be too simplistic for the description of rotors in more complex 
terrain, for example, two parallel ridges separated by a deep valley. 

The Terrain-Induced Rotor Experiment (T-REX) 

• The Terrain-Induced Rotor Experiment (T-REX, Sierra Nevada, CA, 2006) was the most recent, 
effort organized to investigate the coupled mountain-wave, rotor, and boundary-layer system 
(Grubišić et al. 2008). 

• Comprehensive measurements by ground-based and airborne in situ and remote sensors were 
made in and over Owens Valley during T-REX. 
 

Conceptual model of a rotor 
for a single mountain after 
Kuettner (1959) and Holmboe 
and Klieforth (1957). 

T-REX analysis - steps 

The “elevated turbulent zone” (T-REX IOP 1a) 

Conclusions 
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Another “elevated turbulence zone”  (T-REX IOP 2) 

Downslope flow separation above a cold pool  (T-REX IOP 13b) 

• During the nighttime hours of IOP 13, a cold air accumulated in the lowest valley layer. 
• The downslope flow separated from the lee slope as it reached its level of neutral buoyancy 

and a rotor-like turbulent structure formed. 

• The re-analysis of relevant T-REX IOPs (1, 2, 3, 4, 6, and 13) points to strong impacts of 
characteristics of the valley atmosphere on rotor formation. 

• Upstream to downstream potential temperature differences and pressure-driven channelled up-
valley flow substantially modify rotors in a deep valley. 

Marked upstream to downstream 
potential temperature differences. 
Crest-level upstream air cannot 
penetrate to the valley floor. 
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Well-defined lee waves. Vertical 
velocities of +/- 5 m s-1. 
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Turbulence confined beneath the 
lee-wave crest. Due to interaction 
between waves and vertical shear. 
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A valley and a second mountain ... 
• thermally-driven slope and valley flows 
• flow channelling 
• lee wave interference 
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Reconsider T-REX IOPs with 
mountain waves and strong 
in-valley turbulence. 

Examine periods with 
rotors / rotor-like 
structures in the valley. 

Determine which 
characteristics of the 
valley atmosphere impact 
rotor formation. 

Develop extensions to the classic conceptual model of a rotor 
that are appropriate for a deep valley. 

Objective of this study 

• During the morning hours of IOP 1, well-defined lee waves developed downwind of the Sierra 
but the valley atmosphere remained decoupled from the flow aloft, leading to an 

• Interactions of waves and vertical shear led to an “elevated turbulence zone”. 

GFS 700 hPa analysis 

1800 UTC 2 March 
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1700 UTC 2 March SOUNDINGS 

• During the afternoon hours of IOP 2, lee waves of consideraly shorter wavelength than for IOP 1 
were found over Owens Valley. 

• Several separated patches of enhanced turbulence formed in the  “elevated turbulence zone”. 

TURBULENCE ZONES IN A DEEP VALLEY 
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• A decoupled, stable valley atmosphere, lee waves 
aloft, and an elevated turbulence zone at crest level. 
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GFS 700 hPa analysis 

0000 UTC 6 March 
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GFS 700 hPa analysis 

1200 UTC 16 April 
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0800 UTC and 1100 UTC 5 March 

2000 UTC and 2300 UTC 5 March 

Rapid decay of the lee wave. 
Destructive lee-wave interference? 
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Strongly stratified, non-turbulent 
valley atmosphere. Up-valley flow 
due to pressure-driven channelling. 
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Considerably shorter lee waves 
compared to IOP 1. Waves are not 
stationary (downstream shift). 
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The interpolated energy dissipation 
rate reveals several patches of 
enhanced turbulence. 
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Valley cold pool during nighttime. 
Crest-level upstream air can only 
penetrate to top of cold pool. 
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Downslope flow separates from 
lee slope. 
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Kelvin-Helmholtz billows form at 
directionally sheared interface 
between downslope and up-valley 
flow. Enhanced turbulence. 
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A rotor-like structure forms. 3 

DLR Lidar scans at 1100 UTC 16 April 
Looking up-valley 

Radial velocity 

Doppler spectral width 

DLR Lidar scans at 1100 UTC 16 April 
Looking east 

Lowest valley layers continue to 
flow up-valley. 

4 

2 

3 

4 
4 

5 

5 

NON-CLASSICAL TURBULENCE ZONES in a deep valley 
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• A shallow cold pool. Flow separation at its upper edge. 
Turbulence along the interface between separated 
downslope flow and valley flows. 
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