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1 Introduction 

For too long, scientists and managers have tended to view the world
as either protected because of the intrinsic or aesthetic value of the area, or developed for its
utilitarian benefits. The reality, of course, is that our planet is a mosaic of systems providing people
with different bundles of ecosystem services and disservices. We cannot manage these systems
effectively if we do not actively seek to measure the flows of these services, examine who is
benefiting from them, and consider a range of policies, incentives, technologies and regulations
that could encourage better management and sharing of the benefits.�
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2 Material & Methods 



www.arange-project.eu
6

Climate Scenario:
A1B

04: Moderate 
Thinning

01: No 
Management

03: Business as 
Usual

03: Light 
Thinning

Climate Scenario:
BASELINE

04: Moderate 
Thinning

01: No 
Management

03: Business as 
Usual

03: Light 
Thinning

Si
m

ul
at

io
n 

of
 g

ro
w

th
 &

 y
ie

ld
 d

at
a,

U
si

ng
 P

IC
U

S 
fo

r t
he

 A
us

tri
an

 C
SA

 a
nd

 S
IB

Y
LA

 fo
r S

lo
va

ki
a.

Total: 8 growth & yield
datasets per CSA: for 18 management units in 

Montafon, for 45 in Goat Backs Mts. 

Optimization of
Forest Management Planning

using YAFO

Definition of Climate Scenarios and 
Management approaches

based on panel discussions involving 
representatives of all CSAs

Definition of Goals + Objectives
based on panel discussions involving 

representatives of all CSAs

Optimized harvest 
schedules for each 
climate scenario

Figure 1: Data flow and description of the overall modelling + optimization approach

2.1 The Optimization Approach 
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2.2 Case Study Area: Montafon, Austria 
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Figure 2: Position of the Case study area Rellstal in Central Europe and map of forest
stands including contour lines of 20m.

2.3 Case Study Area: Goat Backs Mountains, Slovakia. 
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Figure 3: Position of the Goat Backs, Mts. model region in Europe (A, B), regional forests,
main soil types and elevation zones (C).
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2.4 Management and Data Acquisition 

2.4.1 Montafon, Austria 

Figure 4: Harvesting units in the Austrian CSA (shades of blue) with skyline tracks
according to business as usual (color palette green to red represents early to late harvests
in the simulation period).
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Figure 5: South slope of the Austrian CSA, showing four harvesting units and forest
structures at tree level projected on a digital terrain model.

2.4.2 The Goat Backs Mountains, Slovakia 
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2.5 Growth simulation and Scenarios 

2.5.1 Climate change scenarios 

2.5.2 Montafon, Austria 
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Scenario 1: No management

Scenario 2: Business as usual

Scenario 3: Light thinnings
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Scenario 4: Moderate thinnings

2.5.3 The Goat Backs Mountains, Slovakia 



www.arange-project.eu
17 

Scenario 1: No management

Scenario 2: Business as usual
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Spruce monocultures:

Stands with admixture of beech and fir:

Figure 6: Aerial view of spatial arrangement of the BAU management operations in the
Slovakian CSA. Harvesting, planting, thinning etc. are organized in strips along the dip
lines. The width of a strip does not exceed a double of height of a mature tree.

Scenario 3: Light thinnings

Scenario 4: Moderate thinnings
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3 Results 

3.1 Montafon, Austria 

Figure 7: Development of the growing stock (VolRem) and the amounts harvested
(VolHarvest). BL scenario. Results from the Austrian CSA
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Figure 8: Development of the growing stock (VolRem) and the amounts harvested
(VolHarvest). A1B scenario. Results from the Austrian CSA
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Figure 9: Development of the growing stock (VolRem) and the amounts harvested
(VolHarvest). BL scenario. Results from the Austrian CSA. Additionally a minimum
stocking volume of 250 m³/ha is required.
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Figure 10: Development of the growing stock (VolRem) and the amounts harvested
(VolHarvest). A1B scenario. Results from the Austrian CSA. Additionally a minimum
stocking volume of 250 m³/ha is required.
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Table 1: Financial results of the Montafon CSA. Net present value, standard deviation
(STD), standard deviation relative to the NPV (variation coefficient VC), Value at risk (the
value of the objective function), annuity and standard deviation of the annuity.

Net Present Value Value at Risk Annuity
[EUR/ha] STD VC [EUR/ha] [EUR/(ha*a)] STD

74%
50%
59%
124%

3.2 The Goat Backs Mts., Slovakia 
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Figure 11: Development of the growing stock (VolRem) and the amounts harvested
(VolHarvest). BL scenario. Results from the Slovakian CSA
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Figure 12: Difference of the amounts harvested between the climate change scenario and
the baseline scenario. A positive value means more harvests under climate change
conditions. �CuMngmt� is current management (BAU), �NoMngmt� is no management,
�LightThin� is light thinning and �ModThin� is a moderate close to nature thinning.
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Figure 13: Development of the growing stock (VolRem) and the amounts harvested
(VolHarvest). BL scenario. Results from the Slovakian CSA. Additionally a minimum
stocking volume of 250 m³/ha is required.

Figure 14: Development of the growing stock (VolRem) and the amounts harvested
(VolHarvest). A1B scenario. Results from the Slovakian CSA. Additionally a minimum
stocking volume of 250 m³/ha is required.
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Table 2: Financial results of the Slovakian CSA. Net present value, standard deviation
(STD), standard deviation relative to the NPV (variation coefficient VC), Value at risk (the
value of the objective function), annuity and standard deviation of the annuity.

Net Present Value Value at Risk Annuity
[EUR/ha] STD VC [EUR/ha] [EUR/(ha*y)] STD

5.1%
5.6%
5.5%
6.0%

4 Discussion & Conclusions 
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