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Die Entdeckung der Leewelle

berichtet von 

Joachim Küttner 2005



Das Moazagotl des Riesengebirges, fotografiert am 11. Dezember 1936. 

Blick von Grunau nach Süden der Strömung entgegen.  

Die mehrfache Schichtung und die laminare Wellenstruktur der Lenticularis Wolke sind erkennbar; darunter die 

Föhnmauer und die in der Wirbelwalze durch starke Turbulenz zerrissenen Cumuli fracti (aus: KÜTTNER, 1938). 



Wolfgang Hirth  - German gliding pioneer and sailplane designer

1931 Grunau,  Selesia



Küttner, 1938



Küttner, 1938



Trapped Lee Waves
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aus: Etling, D. Atmospheric Gravity Waves and Soaring Flight - Physical principles and practical applications, 2014

https://www.schwerewelle.de
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Linearized equations of motion

Flow over cosinusoidal ridges:

Small-amplitude gravity waves

𝑁2 =
𝑔

Θ0

𝑑Θ

𝑑𝑧

𝑧𝑠(𝑥) = ℎ𝑚 cos 𝑘𝑥

𝑘 = ൗ2𝜋
𝜆𝑥



Uniform flow over periodic ridges
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Evanescent waves

Propagating waves



Uniform flow over single mountain
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Geometrical Spreading vs. Ship Waves

Ronald B. Smith (1980) Linear theory of  stratified hydrostatic flow past 

an isolated mountain, Tellus, 32:4, 348-364, DOI: 

10.3402/tellusa.v32i4.10590

Eckermann, S. D., D. Broutman, J. Ma, and J. Lindeman, 

2006: Fourier-Ray Modeling of  Short-Wavelength 

Trapped Lee Waves Observed in Infrared Satellite 

Imagery near Jan Mayen. Mon. Wea. Rev., 134, 2830–2848



2D inviscid airflow over an isolated bell-shaped mountain (Witch of Agnesi)

zs(x) = hm /(1+x2/L2)

with two layers of different Brunt-Väisälä frequencies NU  and NL

NL = 0.025 s-1

NU = 0.010 s-1

H = 3000 m

Trapped Lee Waves
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Knigge C, Etling D, Paci A, Eiff O. 2010. Laboratory experiments on mountain-induced rotors. Q. J. R. Meteorol. 

Soc. 136: 442–450. DOI:10.1002/qj.564 



Owens Valley in the lee of the 

Sierra Nevada Range,

illustrating common rotor characteristics 

such as rotor and lenticular clouds and 

blowing dust. 

Sierra Wave Project 1951/52

1955

Grubišić and Lewis, Bull. Amer. Metorol. Soc., August 2004



Sierra Wave Project 1951/52

1955

Grubišić and Lewis, Bull. Amer. Metorol. Soc., August 2004
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March/April 2006 Owens Valley, CA







2-µm Doppler wind lidar

nearly continuous measurements for 6 weeks

• backscatter from atmospheric aerosols

• Doppler shift → radial velocity

hemispherical scanner

vertical slice scan: 30 - 90 s; conical scan: 60 - 120 s

up to ~3000 scans per day

March/April 2006 Owens Valley, CA

IPA Participation: 14 March - 24 April 2006 



25 March 2006 

18:22 UTC; 10:22 am LT



25 March 2006 

17:40 UTC; 9:40 am LT

26 March 2006 

~00:46 UTC; 4:46 pm LT

Case A Case B



25 March 2006 

17:40 UTC; 9:40 am LT

26 March 2006 

~02...04 UTC; 6...8 pm LT

Case A Case B



Case A
Radial wind Away from

DWL

Towards DWL

Aerosol Backscatter



1812-1822 UTC 1848-1858 UTC 1912-1922 UTC

Case A Radial wind 

Away from DWL

Towards DWL

West to East

East to West

Sierra Nevada



Case B
Radial wind Away from

DWL

Towards DWL

Aerosol Backscatter



0303-0313 UTC 0313-0323 UTC 0318-0328 UTC

Case B Radial wind 

Away from DWL

Towards DWL

West to East

East to West

Sierra Nevada



2-D numerical simulations

a. EULAG - non-hydrostatic, anelastic model by Smolarkiewicz et al. 

b. x=100 m, z=20 m, t=0.25 s

c. nx=4096, nz=1251, nt~16000

d. TKE-closure

e. "realistic" orography of the Owens valley with dx=2 km

f. no-slip boundary condition at the surface

g. initial conditions: ECMWF upstream profiles



t = 0

Temporal Evolution of Simulated Isentropes 

Case A

Case B



t = 06 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



Temporal Evolution of Simulated Isentropes 

t = 12 minCase A

Case B



t = 18 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



t = 24 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



t = 30 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



t = 36 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



t = 42 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



t = 48 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



t = 54 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



t = 60 min

Temporal Evolution of Simulated Isentropes 

Case A

Case B



Kühnlein, C., A. Dörnbrack, and M. Weissmann, 2013: High-Resolution Doppler Lidar Observations of  Transient 

Downslope Flows and Rotors. Mon. Wea. Rev., 141, 3257–3272, https://doi.org/10.1175/MWR-D-12-00260.1. 

snapshot

temporal average

(60 min)

Rotor Concept

https://doi.org/10.1175/MWR-D-12-00260.1
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