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Turbulence parameter inside and above a tall spruce site
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Parameterization of integral turbulence characteristics

In order to parameterize  ITC of the wind components inside the roughness sub layer and a forest, which 

needs to be done for quality control, the dimensionless height ζ *= hc L-1 should be used instead of ζ= zL-1, 
which is used above short vegetation. Since ITC are influenced by stability and the structure of the stand it 

is useful for measurement heights inside the stand and lower roughness sub layer to combine for near 

neutral stratification Equation 1, representing the stand influence, and for stable and unstable stratification 

the parameterizations from Table 1 (Figure 3). As input for Equation 1, measurements  in mean canopy 

height (hc) should be used, if these are not available, literature values can be used instead. The 

coefficients αi, βi and γi are site specific and need to be adjusted to each stand structure. This 
parameterizations can be used for quality assessment routines but it is very site specific, therefore further 

investigation is necessary for a general application.

Figure 3: Profiles of integral turbulence characteristics of the three wind components u (red), v (blue), w (black). Measured 

(symbols) and parameterized values (lines), under stable (a), near neutral (b), and unstable (c) stratification.

σσσσw/u*

σσσσv/u*

σσσσu/u*

-1 < ζζζζ < - 0.0320.01 < ζζζζ < 1

*

* ( )

(1 0.48 )u

z
u

σ
ς

 
+ 

 

*

* ( )

(1 1.11 )v

z
u

σ
ς

 
+ 

 

*

* ( )

(1 0.39 )w

z
u

σ
ς

 
+ 

 

7
* 8

* ( )

(1 0.22 )u

z
u

σ
ς

 
− 

 

7
* 8

* ( )

(1 1.44 )v

z
u

σ
ς

 
− 

 

1
* 3

* ( )

(1 1.82 )w

z
u

σ
ς

 
− 

 

Table1: Parameterizations for integral turbulence characteristics under stable 

and unstable conditions. As input measured near neutral values should be 

taken or the ITC for the desired height can be parameterized by the Equation 

above

Equation1: Parameterization to account for influence of the stand structure  
on integral turbulence characteristics, modified after Rannik et al. (2003).
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Figure 2: Profiles of integral turbulence characteristics (σx u*
-1) of u 

(a) and w (b) from different measurement sites during near neutral 

stratification. The stand at the Weidenbrunnen site (black cross) is 

spruce while the experiments by Rannik et al. (2003) (grey star) and 

Launiainen et al. (2007) (blue diamond) at Hyytiälä and from Mölder 

et al. (2004) (green square) are done in a pine stand. The 

measurement height z is normalized with the mean canopy height hc.

Profiles of integral turbulence 
characteristics

Integral turbulence characteristics (ITC), the 

normalized standard deviation of a turbulent 

quantity, were investigated to improve the quality 

control of flux data measured at the BayCEER 

research site Weidenbrunnen, a 25 m spruce

stand, located in the Fichtelgebirge Mountains in 

North-Eastern Bavaria. The turbulence parameters 

were obtained in September and October 2007 in 

the framework of the EGER (ExchanGE processes 

in mountainous Regions) project. A comparison 

between profiles of ITC from different sites show a 

similar decrease inside the roughness sub layer 

and forest, but the profiles differ in the  lower part 

depending on the stand structure (Figure 2). 

Figure 1: Measurement setup from EGER IOP1 (Serafimovich et al. 

2008).

Figure 4: Profiles of integral turbulence characteristics of the three 

wind components (red), v (blue), w (black). Median values of 

measurements (symbols) and values modeled by  ACASA (lines) 

under stable (a), near neutral (b), and unstable (c) stratification. 

Subfigure (d) shows the measured (symbols) and modeled (lines) 

normalized wind speed, under stable (light blue), near neutral 

(black), and unstable (dark blue) stratification.

Comparison  of measured profiles 
with modeled profiles by the 

ACASA model

A comparison between measured values and 

ACASA (Advanced Canopy-Atmosphere-Soil 

Algorithm, Pyles et al. 2000) model results showed 

a good agreement for the normalized wind speed 

under near neutral and unstable but not for stable 

conditions. The ITC of the wind components u and 

w are usually overestimated above and inside the 

canopy regardless of the stratification. The ITC of w 

is also overestimated in the trunk space. The ITC of 

v is underestimated above the canopy during stable 

and unstable conditions and inside the trunk space 

for all conditions (Figure 4).
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