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Introduction

Climate change: 

�� increasing frequency of extreme events
(Leckebusch et al., 2008)

wide area damage events (drought, windthrow)
within boreal forest ecosystem

Damage event = combinations of effecting agents 
and structure of forest stands. 

Damage cause: “extreme” event or “normal” event 
becoming “extreme”?

Feedbacks ?



Objectives

1. to investigate the (projected) combinations of 
meteorological conditions leading to abiotic
damage events (windthrow, drought)  for SRES 
A1B and B

2. to investigate (and integrate) the role of feedbacks 



Material and methods:

Methods: Methods: Coupled modelling – Decision  Support System 
„Forest and Climate Change“ (DSS-WuK)

INPUT:INPUT: ECHAM5-MPIOM

CLM (0.2CLM (0.2°°X 0.2X 0.2°°, , SRES A1B, B1 – 2 runs each; C20 – 3 runs)

Downscaling

DSSDSS--WuKWuK

BioticBiotic risksrisksAbioticAbiotic risksrisks

Wind Wind 
(3D ABL Model 

SCADIS, 
Sogachev & 
Panferov, 2006)

DroughtDrought
(BROOK 90, 

Federer et al. 
2003)

Met. Variables (daily resolution)

22°°×× 22°°climate data
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INPUT:INPUT:
CLM-Data

OUTPUT:
3D Wind field, i.e. 

actual wind stress 

on trees 

d
f c Au u zr d=

� - air density 

�A - affected plant area at z
u - Wind velocity

cd – drag coefficient
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Material and methods: 3D ABL Model SCADIS3D ABL Model SCADIS



WindthrowWindthrow: : VVactact > > VVcritcrit

VVcritcrit= = f(DBHf(DBH, H, , H, WHC, RD, , RD, TTsoilsoil, MOR, MOR))

DBH :  DBH :  Diameter at breast height

H      :H      : Tree height

rrWHC : : Relative Water holding 

capacity 

RD   :RD   : Rooting depth

TTsoilsoil :: Soil temperatureSoil temperature

MOR:MOR: Modulus of Rupture

(Peltola, Gardiner…)

, 

, 

Material and methods: Windthrow Windthrow eventevent

VVcritcrit~ rWHC~ rWHC--11



Material and methods: water budget 

climate:
CLM-data

tree species:
Norway spruce

Scots pine

soils:

Cambic Podzol

Podzol

BROOK90 (Federer et al. 2003) Version 4.4e

SVAT-Modell



Material and methods: parameterization
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Bestand

Standort

� tree species

� tree age

� diameter at breast
height [DBH]

� tree height

� solid volume

� stem number

� soil texture

� soil density

� carbon content

transfer functions

� leaf area index (LAI)
(Ahrends et al. 2009)

� root depth

(Raissi et al. 2009)

� critical leaf water potential

(Czaikowski et al. 2009)

� hydraulic functions

(Clapp  & Hornberger (1978)
site

stand



Material and methods: numeric experiments

�Total time range: 1960 - 2100

� Calculations – dynamically (BROOK90) with daily time step

� Spatial averaging : 40 x 40 km (9 grid points) 

� Averaging over models runs = average scenarios A1B, B1

� Aggregating: 30-years mean values (annual, seasonal,

half-year)

� Chosen Periods:     P0P0 = „present“ = 1981-2010

P1P1= 2011-2040; 

P2= 2041-2070;

P3= 2071-2100

ResultsResults:: absolute/relative differences 3,2,1,
0
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Material and methods: critical wind speed

Vmin = 8 m s-1

Vabs.max= 40 m s-1 = full damage (Schelhaas et al 2007). 

minmax,

max,

VV

VV
F

abs

actabs

act
-

-
=

b

actFD -= 1

where b = 3.73 (Schelhaas et al 2007).

Share of survived stand (%)



Material and methods: stands 

Scots pineNorway spruce

Age: 85 85 years

Stand density: 706 561 tree ha-1

Tree height: 26.6 22.3 m

DBH: 27.9 27.2 cm
LAI: 4.2 2.5 m²/m²



Material and methods: soils 

1.551.5sandC80-200

1.551.5sandC40-80

1.551.5sandB30-40

1.551.5sandBh25-30

1.351.5sandAE10-25

1.151.5sandAhE0-10

0.20-L/F/H9-0Podzol

1.9892.5silt loamR60-200

1.5572.5silt loamBw230-60

1.5550silt loamBw10-30

1.3550silt loamBw(AEh)5-10

1.3550silt loamAEh0-5

0.20-L/F/H8-0Cambic

Podzol

BD 

[g/cm³]

Stone [%]Texture

[US System]

HorizonDepth 

[cm]
Soil type



Material and methods: rooting depth

spruce Scots pine

Depends on:

• tree species
• tree age

• precipitation
• soil texture

after: Raissi et al. (2009)



modeling feedback

without feedback

with feedback

simulation period (30 years)
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updates of LAI and stand density after damage events



Feedback:

• decrease of transpiration
• decrease of interception

• increase in available energy
• increase in evaporation

• increase in soil water content

Decrease of LAI Decrease in stand density

Damage Damage eventevent

De/stabilisation of stand � in/decrease of De/stabilisation of stand � in/decrease of VVcritcrit



Tendencies of climate conditions changes 
in 21st century


