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 Basic equations : 
momentum, 
heat,
moisture,
scalars (CO2, SO2, O3), 
turbulent kinetic energy (E)

One-and-a-half-order turbulence closure
based on equations of E and � (dissipation rate) : ( E-l, E-� .)
E-� closure based on � (� /E) equation

 Topography
 Simple terrain-following coordinate system

 Horizontal and vertical resolution
 depending on a problem

Basic characteristics of the SCADIS Basic characteristics of the SCADIS ((scasca lar lar disdis tribution)tribution) modelmodel

SCADIS is high resolution 3-D numerical model capable of computing the 
physical processes within both plant canopy and atmospheric boundary layer 
simultaneously.
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� (z) [� 2 � -3] LAI [� 2 � -2]

Sources caused by vegetation in equations  :
momentum

turbulent kinetic energy

closure

( Raupach and Shaw, 1982 )
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Structure of vegetation
presented by type of vegetation (vertical profile of LAD,
leaf or needle size, optical properties, 
aerodynamic drag coefficients cd…) 



q(t),T(t), C(t), V(t), U(t)

Clouds ( t)

T ( soil ), q ( soil ), F
CO2

( soil ), V = 0 , U = 0

Q
0

( t),

l o w e r   b o u n d a r y  c o n d i t i o n s 

3 km

1 - 10 km

Upper boundary conditions

DomainDomain
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Forest edge effectForest edge effect



Experimental observations of turbulence downwind of a forest edge (Kruijt, 1994):
-The turbulent diffusivity strongly decreased (to 60% of the equilibrium value)
- This drop was correlated with deficits of low-frequency (large eddy) turbulence
-The spectral analysis showed that turbulent length scales were smaller on average

than in equilibrium conditions. This variation in length scales appeared to explain 
the variation in diffusivity.

Turbulence regime studyTurbulence regime study
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a) E-l model
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(Sogachev and Panferov, 2006)

Validity of the modelValidity of the model
Thus the basic requirement of K-theory – that the length scale of the mixing process 
be substantially smaller than that of the inhomogeneity in the mean scalar or 
momentum gradient – is not violated here (Corrsin 1974).

SCADIS reproduces the experimental variation in length scales



(Kruijt, 1994, Sogachev et al. 2007)

Turbulent flow statisticsTurbulent flow statistics
( h = 15 m, LAI = 2 and � = 5 )



Turbulence regimeTurbulence regime
( qualitative comparison with measurements )
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Turbulence regimeTurbulence regime
( qualitative comparison with measurements )

x / h

0 10 20 30

R
F

D

-0.4

-0.3

-0.2

-0.1

0.0

(Kruijt, 1994)



Turbulence regimeTurbulence regime
( qualitative comparison with measurements )
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Turbulence regimeTurbulence regime
( qualitative comparison SCADIS with measurements )
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(Kruijt, 1994; Sogachev et al., 2005)



Turbulence regimeTurbulence regime
( qualitative comparison SCADIS with measurements )

� u u’w’

(Morse et al., 2002)



(Sogachev and Panferov, 2006)

Turbulence regimeTurbulence regime
(comparison SCADIS with wind-tunnel measurements )



Turbulence regime within cutTurbulence regime within cut --blocksblocks
(comparison SCADIS with Wilson and Flesch (1999) measurements and model)

(Panferov, and Sogachev, 2008)



(Panferov, and Sogachev, 2008)

Turbulence regime within a forest gapTurbulence regime within a forest gap
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Comparison between vertical profiles of measured (symbols) and modelled 
(lines) turbulent kinetic energy, E downwind the model forest edge. The 
position at x/h = 0 corresponds to the beginning of the open place. (After 
Sogachev and Panferov, 2006).

Turbulence regime behind a forestTurbulence regime behind a forest
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(Panferov, and Sogachev, 2008)



Forest architectureForest architecture

(Sogachev et al., 2008)

K-theory can be also valid provided the spatial variation of cdA is slow compared to the 
size of large eddies responsible for the transport terms in the shear stress and flux 
equations (Finnigan and Belcher, 2004) 
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Modelled relationships between tree structure Modelled relationships between tree structure 
and aerodynamic parameters and aerodynamic parameters 



Approach 1Approach 1

Approach 2Approach 2

Some observationsSome observations

(Sogachev et al., 2005)
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Some observationsSome observations



Airflow from the left

Distance ( m )

0 200 400 600 800

z 
/ h

0.0

0.1

0.2
0.6

0.8

1.0
F

lu
x 

de
vi

at
io

n 
fr

om
 N

E
E

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

Approach 1
Approach 2
Flux deviation

d

z0

Some observationsSome observations



ApplicationsApplications



ClearClear --cut study site in cut study site in SollingSolling , Germany , Germany 

(Oltchev et al., 2005; DFG Crant Gr 738/16-1 )



Modelled airflow over study area in Modelled airflow over study area in SollingSolling
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Source weight function or flux footprint

In a simple form «footprint» or «source weight function» f (x,y,zm) is the transfer 
functionbetween the measured value at a certain point F(0,0,zm) and the set of forcings 
on the surface-atmosphere interface F(x,y,0) (Schuepp et al., 1990, Schmid, 2002). 

Interpretation of measurement dataInterpretation of measurement data



Methods of estimation of source weight function Methods of estimation of source weight function 
in ensemblein ensemble --averaged modelaveraged model
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i indicates a model grid cell within a domain of I grid cells. k is the investigated grid cell 
(measurement point) . Z1 and Z2 are the heights for which the footprint is estimated. The 
dashed areas depict high intensity areas of vertical scalar flux. 

(Sogachev and Lloyd, 2004)



Verification of footprint estimation approachVerification of footprint estimation approach

(Sogachev et al.,  2005b)
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Footprint prediction for urban terrain in Helsinki,  FinlandFootprint prediction for urban terrain in Helsinki,  Finland

(Vesala et al., 2008)



ABL dynamicsABL dynamics

(Lasko et al., 2007)



ABL dynamicsABL dynamics



Thank you for your attention !


