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Goals and characteristics:

• Develop a decision support system for stakeholders

• Find optimal assignment of management option to cells

• Planning horizon: 40 years (2020 – 2060)

• Consideration of user preferences / requirements

• Incorporate simulation data from representative stands of four case study 

regions (Estonia, Switzerland, Spain, Germany)

MCDSS - Recap



MCDSS - Recap

Cell 1,
Area = 
100 ha

Cell 2,
Area = 
100 ha

Cell 3,
Area = 200 ha

Cell 4,
Area = 
70 ha

Management options:

A: low intensity 
B: business as usual 
C: climate adapted forestry 
D: intensified management 

  

recreate own forest with 
representative stands

assign one management 
option to each of the 

cells



Indicator List

∙ Standing timber
∙ Harvested timber (total + 

assortments)
∙ Periodic annual increment
∙ Quadratic mean diameter
∙ Height variability (mean + SD)
∙ Diameter variability (mean + SD)
∙ Deadwood
∙ Shannon index

∙ Carbon in stock
∙ Carbon sequestration
∙ Number of large trees
∙ Visual attractiveness
∙ Wood revenues
∙ Risk of total loss
∙ Risk of economic loss

MCDSS - Recap



Mathematical Model



Mathematical Model

Mixed Integer (Linear) Program

 

 subject to:

Heuristic solution 
methods

Exact solution 
methods

Meta-Heuristics
• Genetic algorithm
• Tabu-Search
• Simulated 

Annealing
• …

Mathematical 
Approaches
• Branch & Bound
• Column Generation
• Benders 

decomposition
• …

Problem 
specific 
approach



Mathematical Model

Weighted Sum 
Approach

 

 

...

 

s.t.   Min. risk of 
loss

Max. 
deadwood

Max. revenues

Max. 
Shannon 

Index

Max. 
C-sequestration

Max. large trees

Max. harvested timber



Mathematical Model
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NP

 

Without 
preferences:
• is indifferent 

between all 
solutions that are 
on the pareto 
frontier

With preferences:
• finds its best 

solution on the 
pareto frontier

decision maker
?

Weighted Sum 
Approach



Mathematical Model

   

 

 

 

 

 

 

 

 

Weighted Sum 
Approach



Mathematical Model

 
Harvested 
timber

Carbon-sequestrati
on

 

Large 
trees

 

Standing 
timber

 

 

 

 

 

… …
…

Indicators
decision variable: 

management option to 
cell

indicator data cell size



Mathematical Model

Shannon Index

  

 

 

s.t.:

 

 

 
 

=> Approximation through linearization necessary!
 

   

   

 

 

 

 

not 
linear!

The area share of all species 
should be as equal as 

possible

The deviation to the 
theoretical optimal share is 

minimized  



Mathematical Model

Selecting one management option for each cell

 

 

User constraints and goal 
programming possible, e.g.
 

 

…

 

 

 

Maximize weighted sum 
objective:

 



Example -
Case Study Region 
Catalonia



• 18 representative stands
− Species code (Pinus sylvestris, Pinus nigra, Quercus 

ilex)
− Site-quality index (high, low)
− Stand age (young, based, mature)

• Simulation data for 19 indicators 
(each for the 18 stands and the planning horizon of 2020 - 
2060)

• 2693 cells 

• 4 management options 
− A: Low intensity management / biodiversity
− B: Protection function / Business as usual (BAU)
− C: Climate-adapted forestry
− D: Wood production

CSR Catalonia - Example



18 
stands

2693 cells 
with 

correspondin
g stand and 

size

CSR Catalonia - Example



CSR Catalonia - Example Weights for 
indicators are 

predefined for four 
scenarios 

(THRO / SLU)



CSR Catalonia - Example

Weighted sum 
objective based on 

the predefined 
weights (here: 

Scenario I)



CSR Catalonia - Example

Solve mathematical 
model



Results



Results

• Detailed numerical output

• Value for all indicators and value range 
(lower bound / upper bound)

• Optimal assignment of management 
options to cells



Results - Scenario I



Results - Scenario II



Restuls - Scenario III



Results - Scenario IV



Conclusion

• The MCDSS helps stakeholders make informed, number-based decisions

• The simulation data from the case study regions serve as input for a 
mathematical model based on the weighted sum approach 

• The results should be understood as suggestions for further analyses

• There is not ONE optimal solution because the results depend heavily on the 
weightings applied








