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I 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 ?
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I Objectives

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

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

® JGEDRG-&UGUST-UNIVERSITAT
WA GOTTINGEN

A



I Material and methods:

Methods: Coupled modelling — Decision Support System
,Forest and Climate Change” (DSS-WuK)

climate data INPUT: ECHAM5-MPIOM 2°x 2°
Downscaling l

CLM (0.2°X 0.2°, SRES Al1B, B1 — 2 runs each; C20 — 3 runs)
l Met. Variables (daily resolution)

DSS-WuK
Abiotic risks Biotic risks
wWind Drought
(3D ABL Model (BROOK 90,
SCADIS, Federer et al.
Sogachev & 2003)
Panferov, 2006)
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I Material and methods: 3D ABL Model SCADIS
INPUT: OUTPUT:

upper boundary conditions
0 TOA0, OB — | CLM-Data 3D Wind field, i.e.
o Sk actual wind stress
on trees
f = rc,dAululz
) T(soil), q(soil), Fgy (s0il), V=0,U =0 B air denSity

lower boundary conditions

A - affected plant area at z

u - Wind velocity
c4 — drag coefficient

Feoo E R

h h h
fdz= f,dz+ fodz”F=FK +FK

0 0 0

A
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I Material and methods: Windthrow event
Windthrow: V.. > Vit
V= f(DBH, H, WHC, RD, T, MOR)

V i~ r'WHC-1
DBH : Diameter at breast height
H Tree height
rWHC :  Relative Water holding

capacity

RD - Rooting depth (Peltola, Gardiner...)
Teoi - Soll temperature
MOR: Modulus of Rupture
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I Material and methods: water budget

. _ SVAT-Modell
climate:

CLM-data precipitation
s

tree SpeC|eS transpiration
Norway spruce
Scots pine

soils:
Cambic Podzol
Podzol

BROOKO90 (Federer et al. 2003) Version 4.4e
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I Material and methods: parameterization

transfer functions

—

tree species

tree age

diameter at breast
height [DBH]

tree height
solid volume

stem number

soil texture
soil density

carbon content

-
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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)
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I 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 Al1B, Bl
Aggregating: 30-years mean values (annual, seasonal,
half-year)
Chosen Periods: PO = ,present* =1981-2010
P1=2011-2040;
P2=2041-2070;
P3=2071-2100

Results: absolute/relative differences D =ZPiFP0 =123

Jro
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I Material and methods: critical wind speed

Viin =8mst
Vs max— 40 m st = full damage (Schelhaas et al 2007).
F = Vabs,max _Vact
act \/ \/
abs,max ¥ min

D — 1 —_ F b Share of survived stand (%)
act

where b = 3.73 (Schelhaas et al 2007).
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I Material and methods: stands

Norway spruce Scots pine

Age: 85 85 years
Stand density: 706 561 tree hat
Tree height: 26.6 22.3 m

DBH: 27.9 27.2 cm

LAI: 4.2 2.5 m3mz2
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I Material and methods: solls

Soil type | Depth | Horizon Texture Stone [%] BD
[cm] [US System] [o/cm?]
Cambic 8-0 L/F/H - 0 0.2
Podzol 0-5 AEh silt loam 50 1.35
5-10 Bw(AEh) silt loam 50 1.35
10-30 Bw silt loam /5_0\ 1.55
3060 | Bw2 | siltloam /[ 725 |\ 155
60-200 | R siltloam \| 925 |/ 1.98
Podzol 90 | L/FMH i T~ | o2
0-10 AhE sand 1.5 1.15
10-25 AE sand 1.5 1.35
25-30 Bh sand 1.5 1.55
30-40 B sand 1.5 1.55
40-80 C sand 1.5 1.55
80-200 C sand 1.5 1.55
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I Material and methods: rooting depth

spruce Scots pine

Depends on:
* tree species
e tree age

e precipitation
e Soil texture

after: Raissi et al. (2009)
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I modeling feedback

without feedback

damage event

updates of LAl and stand density after damage events

simulation period (30 years)
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I Feedback:

Damage event

Decrease of LA Decrease in stand density

 decrease of transpiration

» decrease of interception
 iIncrease In available energy
e increase in evaporation

e increase In soil water content

e

De/stabilisation of stand In/decrease of V

crit




Tendencies of climate conditions changes
In 21st century



