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Monin-Obukhov: when dissimilarity?

• non-stationarity (use only midday data)

• surface heterogeneity (which scale?, footprints)

• advection

• entrainment processes 



Detection of entrainment influences 

on surface layer measurements

1. Are there larger scales in the EC-signal?

Wavelet analysis: time scales processes

2. Are larger scales caused by entrainment?

Radio soundings: entrainment ratio’s

3. Are larger scales caused by advection?

Pdf humidity-signal: origin signal



1. Are there larger scales in the EC-

signal?

Wavelet instead of Fourier: wave doesn’t have 
to be periodic
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Timescales transport (1h data): w
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Timescales transport (1h data): T en q
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Dominant timescales q, IOP days

25-27 June 5 July



2. Are larger scales caused by 

entrainment?

(assumption)

B (Betts 1992)



Radio soundings site 1



Radio soundings site 1



IOP: DOY ‘Large’ βq ‘Large’ scales present

166 - -

170 - -

171 - -

176 Y Y

177 Y Y

178 Y Y

182 - -

183 - -

186 Y Y

Large scales + entrainment ratios q



Entr ratio VS contr larger scales



Theory: contr top-down (entrainment)
LES Moeng and Wyngaard, and Patton et al.



Theory: contr top-down
Variance budget





Monin-Obukhov agreement



3. Are larger scales caused by advection?



Skewness pdf humidity



Skewness pdf humidity



Skewness IOP days



Horizontal advection?

From Lannemezan (south-east of site)?

NO: 

–Skewness-entrainment theory agrees with selected days

–south-easterly wind doesn’t always give low skewness or 

large time scales

–Lannemezan is a small town (Tapper, 1990)



Ideas

• Area-averaged flux from Oscar for 

entrainment ratio calculations

• Check entrainment velocity; dzi/dt (UHF) 

• Same story for CO2 (aircraft data)

• Continue heterogeneity study after 

improvement footprint model



THANKS FOR LISTENING










