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OBJECTIVES

• To investigate turbulence spectral characteristics
within and above the roughness sublayer.

• To obtain the appropriate scaling parameters needed
to collapse spectra.

• To compare spectra with existing models valid for
the horizontally homogeneous and flat (HHF) ter-
rain.

• To determine the influence of the tall canopy and het-
erogeneous surface cover on the TKE budget terms.

METHODS

Spectral models:
1. Canopy scaling (Kaimal and Finnigan, 1994)
2. Kaimal et al. (1972) (neutral)
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3. Olesen et al. (1984) (stable)
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Normalized TKE budget equation:

0 = φa + φm − ζ − φt − φp − φε (3)SITE & DATA

Data: from 62 m tower

• Five levels @ 20, 32, 40,
55 and 62 m

• Analyzed period:
Dec 2008 - Feb 2009

• Nocturnal BL:
1800 - 0600 LST

• Canopy height ∼ 18 m
Figure 1: Google Maps image (Image c©2015 DigitalGlobe) of the
observational site. Measurement tower is indicated with a red dot
(45o28′32′′ N, 16o47′44′′ E).

Conceptual sketch of idealized vertical
layers after a step change in surface roughness.
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Level 1: Roughness sublayer
Levels 2-5: Transition layer
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TKE DISSIPATION RATE

Local Isotropy Requirements: Sw,v/Su = 4/3

and −5/3 slope within the inertial subrange

True local isotropy is not found!
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1
• Sw < Su, Sv as well as φεw < φεu,v =⇒ important

for normalization of Sw

10
−3

10
−2

10
−1

10
0

10
1

10
−1

10
0

10
1

10
2

ζ=(z−d)/Λ

Φ
ε

Levels 2−5
 

 
φεw

φεu,v

10
−3

10
−2

10
−1

10
0

10
1

10
−1

10
0

10
1

10
2

ζ=(z−d)/Λ

Φ
ε

Level 1
 

 
Kaimal and Finnigan (1994)
Wyngaard and Cote (1971)

Figure 2: Non-dimensional dissipation rate of the TKE (φε =
k(z − d)ε/u3∗` ) versus local stability parameter ζ, where Λ =

−u3∗`θv/(kgw′θ′v) is local Obukhov length.

CHARACTERISTICS OF THE VELOCITY SPECTRA

Canopy scaling: fSu,v,w/σu,v,w vs. fhc/Uhc
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Figure 3: Normalized spectra of all three velocity components at
all five levels (median of all spectra is shown) plotted versus fre-
quency normalized with canopy scaling (hc and Uhc). Solid black
line denotes −2/3 slope (inertial subrange).

• Canopy scaling (σu,v,w, Uhc, hc) was successful
through the entire measurement layer.

• Vertical spectra normalized with φεw =⇒ good cor-
respondence with the Kansas (& Minnesota) spectral
models.

• Spectral models of Olesen et al. (1984) for the
first time applied to data over heterogeneous plant
canopy and found to be successful.

• Influence of sub-meso motions evident in Su, Sv

spectra at lower frequencies.

Spectral model according to Kaimal et al. (1972)
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Figure 4: Normalized spectra of all three velocity components for
seven different stability categories (median of all spectra is plot-
ted). Black solid curves → neutral Kansas spectra Kaimal et al.
(1972).

Spectral model according to Olesen et al. (1984)
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Figure 5: Velocity spectra normalized according to Olesen et al.
(1984) for different stability classes. Stability classes s1 to s7 corre-
spond to the following ranges of ζ: 0−0.05, 0.05−0.15, 0.15−0.35,
0.35− 0.65, 0.65− 1, 1− 1.5, ≥ 1.5, respectively.

CONCLUSION

• φε at level 1 influenced by roughness elements, φε at levels 2 − 5: deviation from
local balance in neutral conditions.

• Canopy scaling is successful; wind variances relevant for collapsing the spectra to a
single curve.

• Despite the non-4/3 behavior, the Kansas spectral models can be used if φε for ver-

tical component is derived from Sw.
• The main reason for the TKE non-closure =⇒ in the transition layer: the non-local

dynamics (Li et al., 2008) or inactive turbulence theory (Högström, 1990) and turbu-
lent transport of TKE above vegetated canopies in the RSL.
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TKE BUDGET
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Figure 6: Normalized TKE budget terms shown separately for measurements within the RSL and transition layer. The green, orange and
yellow curves represent the best fits of φm, φε and residual term, respectively. The residual term is: R = −φm + ζ + φε.

• The local equilibrium between the production and destruction of TKE is violated.
• Within the RSL: shear production larger than buoyant destruction and dissipation of TKE =⇒ loss of energy for
ζ ≤ 0.1. For ζ > 0.1 the residual term changes sign and TKE balance is closed in the RSL.

• In the transition layer: the total local losses of TKE exceeds the local shear production =⇒ R > 0 =⇒ gain of TKE.


