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• Wakes and spectra

• Volume averaging

• Turbulence characteristics

• Transport of scalars
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CanopyCanopy turbulenceturbulence

Galileo Galileo GalileiGalilei:: We will understand the movement of the We will understand the movement of the 
stars long before we understand canopy turbulencestars long before we understand canopy turbulence

RaupachRaupach and Thom, 1981and Thom, 1981: A warning is necessary about: A warning is necessary about
oversimplifications. The micrometeorological custom of oversimplifications. The micrometeorological custom of 
searching for scaling schemes using nonsearching for scaling schemes using non--dimensional dimensional 
variables is not likely to correct results in canopyvariables is not likely to correct results in canopy--flow flow 
studies, except in very simple cases. For this reason, the studies, except in very simple cases. For this reason, the 
subject will probably remain partially empirical for some time subject will probably remain partially empirical for some time 
to come.to come.



Scematic view of the lower boundary layer: The wind profiles
and layers where M-O-theory applies above low vegetation
(smooth surface) (a) and above a forest (rough surface) (b).
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WAKES AND SPECTRA



NOTE:



(Kaimal ja Finnigan (1994): Turbulent boundary-layer flows: Their structure
and measurement, Oxford Univ. Press)



Power specra of u, v and w above canopy (23m)

Frequency weighted power spectra normalized by total variance and plotted as a function of
frequency(Hz). Red line represents inertial subrange behaviour suggested by Kolmogorov.



Same as previous but in sub-canopy trunk space (3m above ground)

Note that the slope of u and v components are more than -2/3 in low frequency
end and less than -2/3 in high frequency end of the inertial subrange

d~100m d~10m d<1m



Leaf area density profile of the intensive
measurement site



Spectra at
different levels.



von Karman streets
in cylinder wakes



G. Katul

Secondary peaks in w spectrum at Strouhal number fd/U = 0.2.

In the forest, inverting peak frequencies using the measured velocity
produces d of the order of tree diameter.



VOLUME AVERAGING 













TKE budget equation in the canopy

Terms 1,3,4,6 like in the 
constant flux layer: 

Term 2: ”wake production”
Term 5: ”dispersive flux”
Term 7: waving of leaves

u





TURBULENCE CHARACTERISTICS



Turbulence characteristic:  vertical variability

Launianen et al., 2007. (submitted to Tellus B)



a and b: Normalized standard deviations (s u/u* and s w/u*)

c and d: turbulence intensities (s u/U and s v/U)
Launianen et al., 2007. (submitted to Tellus B)



Launianen et al., 2007. 

Skewness and
kurtosis profiles



Parcel residence times from Lagrangian simulations

Strong et al., 
2004



TRANSPORT OF SCALARS





Quadrant analysis



Contributions of different quadrants



Quadrant analysis: H on a sunny
summer day

The formation of sensible heat flux from different quadrants (instant products w’T’)

Q1 and Q3: upward
flux

Q2 and Q4:
downward flux

TOTAL flux is sum
of these!



Quadrant analysis: H on a clear
stable night

The formation of sensible heat flux from different quadrants (instant products w’T’)



Dominating time-scale in
turbulent transport?
200...10 s, low and high
frequencies have small effect

Ogive (cumulative frequency) curves



Launiainen et al., 2005. Bor. Env. Res

Sub-canopy and above-canopy heat fluxes



Launianen et al., 2007. (submitted to Tellus B)

Profiles of heat and 
CO2 fluxes.



TAKE HOME









URBAN CANOPIES


