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• Doppler radar measurements: 

Summary of 
results 

Observations: Airborne Doppler radar measurements 

Methods: Measures of turbulence intensity 

TKE and σw
2 

Wind variances along 1.5 km long flight segments 

“EDR” 
Eddy-dissipation rate using “Kolmogorov’s law” 

Results: Turbulence in a hydraulic jump-type rotor 

Results: Turbulence in a “classic” lee-wave rotor 

• In winter 2006, the NASA Orographic Clouds Experiment (NASA06) was conducted over the Medicine 
Bow Mountains in SE Wyoming. Measurements were collected by the University of Wyoming King Air 
(UWKA) aircraft and the Wyoming Cloud Radar (WCR). 

• On 26 January and  5 February 2006, multiple straight-and-level legs were flown across the ridge along 
the mean wind direction. High-resolution radar data reveal wave-induced boundary-layer separation in 
the lee of the mountain and ensuing rotor formation (French et al., 2014). 

Conclusions 
 

• Data from airborne Doppler radar can be used to obtain quantitative estimates of terrain-induced 
turbulence. 

• Better than 25% accuracy on the variance of vertical wind σw
2 is achieved in regions of moderate to 

severe turbulence in the lee of the mountain. 
• A unique result of this work is the quasi-instantaneous, two-dimensional display of the spatial 

distribution of turbulence in the interior of atmospheric rotors. 
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Introduction: Mountain-induced turbulent processes 

• Various turbulence-generating processes in the presence of mountainous terrain are known, 
ranging from convection over orography to gravity-wave breaking and boundary-layer separation. 

• The focus of this work is on wave-induced boundary-layer separation (BLS). BLS has received 
significant attention in numerical as well as laboratory studies due to its key role in the formation of 
atmospheric rotors (R). 

• Direct observational evidence of the phenomonen, however, was lacking until recently. 

Left: Numerical 
experiments of 
boundary-layer 
separation by Doyle 
and Durran (2002). 
Right: Laboratory 
experiments in a 
water tank by Knigge 
et al. (2010). 
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Aircraft in situ data 
• Three wind components at a 

frequency of 25 Hz 
 

Wyoming Cloud Radar 
• Dual-Doppler radar 
• Operated in multi-beam mode 
• Single-Doppler frequency of 30 Hz 
• Vertical resolution of 30 m 
• Sensitivity to cloud ice 

Objective: Quantitative estimation of turbulence intensity 

--- O b j e c t i v e s    o f   t h i s   s t u d y  --- 

Quantify turbulence and 
shed light on the origin of 
turbulent processes in 
complex terrain. 

Detect locations of strong 
turbulence across the 
mountain ridge using aircraft 
in situ and radar data. 

Gain insight into levels of 
turbulence within regions of 
boundary-layer separation 
and atmospheric rotors. 

Please don’t hesitate to ask for details! 

• Aircraft measurements: 

• Doppler radar measurements: 

• Aircraft and radar measurements: 

EDR is proportional to the “subjective feel of 
turbulence” of pilots and passengers on aircraft. 
It is thus linked to aviation turbulence categories 
“light” , “moderate”, and “severe”. 

• On 5 February 2006, a large-amplitude mountain wave broke over the Medicine Bow Mountains and 
trapped lee waves formed over  the lee slope. 

• The lee wave forcing gave rise to wave-induced boundary-layer separation and a large atmospheric 
rotor, characterised by “severe” levels of turbulence. 

• In situ and radar data along flight legs 1 and 3, document the evolution of the rotor event. 

Leg 1 on 5 February Leg 3 on 5 February 
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Mid-tropospheric gravity 
wave breaking. “Moderate” 
levels of turbulence. 
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Smooth trapped lee waves. 
No detectable level of 
turbulence. 

2 “Severe” turbulence in the 
interior of the rotor. 
25% accuracy and better on 
turbulence estimates. 
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Leg 5 on 26 January 

“Moderate-severe” turbulence 
encountered at flight level in a 
hydraulic jump-like feature. 
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“Severe” turbulence in the interior 
of a huge atmospheric rotor.  
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