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Management options:

A: low intensity

B: business as usual

C: climate adapted forestry

D: intensified management

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the grant agreement Nº 101000406.

WP8 develops a Multi-Criteria Decision Support System (MCDSS), which provides information 

to stakeholders on the forest-wood value chain based on a combination of (stakeholder) 

objectives and quantified impacts. The aimed solutions will harmonize the interests of all 

stakeholders by assuming a virtual superior decision maker who is optimizing an overall 

objective (sum of all stakeholder objectives). The MCDSS serves to achieve resilient forest 

production systems. Actors will be empowered to understand the far-reaching consequences 

of their decisions in a multicriteria decision-making environment.

𝑣𝑣(ℎ𝑎𝑎𝑎𝑎𝑣𝑣𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎),𝑔𝑔 = �𝑎𝑎∈𝑇𝑇 �𝑐𝑐∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝐻𝐻𝑎𝑎𝑎𝑎𝑣𝑣𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎 ⋅ 𝐹𝐹𝑐𝑐harvested timber

periodic annual increment 𝑣𝑣(𝑝𝑝𝑎𝑎𝑎𝑎𝑡𝑡𝑝𝑝𝑎𝑎𝑡𝑡𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎),𝑔𝑔 = �𝑎𝑎∈𝑇𝑇 �𝑐𝑐∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝑃𝑃𝑎𝑎𝑎𝑎𝑡𝑡𝑝𝑝𝑎𝑎𝑡𝑡𝑐𝑐𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑃𝑃𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎
Carbon-sequestration 𝑣𝑣(𝑐𝑐−𝑎𝑎𝑎𝑎𝑠𝑠𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑝𝑝𝑎𝑎),𝑔𝑔 = �𝑎𝑎∈𝑇𝑇 �𝑐𝑐∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝐶𝐶𝑎𝑎𝑎𝑎𝑡𝑡𝑝𝑝𝑎𝑎 ⋅ 𝐹𝐹𝑐𝑐
Large trees 𝑣𝑣(𝑎𝑎𝑎𝑎𝑎𝑎𝑔𝑔𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎),𝑔𝑔 = �𝑎𝑎∈𝑇𝑇 �𝑐𝑐∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ⋅ 𝐹𝐹𝑐𝑐
Standing timber 𝑣𝑣(𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑔𝑔 𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎),𝑔𝑔 = �𝑎𝑎∈𝑇𝑇 �𝑐𝑐∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑔𝑔 ⋅ 𝐹𝐹𝑐𝑐

Shannon Index

𝑝𝑝𝑎𝑎,𝑎𝑎 ≤ 1 − 𝑎𝑎𝑎𝑎,𝑎𝑎

min �𝑦𝑦 = �𝑎𝑎∈𝑇𝑇�𝑎𝑎∈𝑆𝑆(𝑎𝑎𝑎𝑎,𝑎𝑎+𝑝𝑝𝑎𝑎,𝑎𝑎)
s.t.:

0 ≤ 𝑝𝑝𝑎𝑎,𝑎𝑎, 𝑎𝑎𝑎𝑎,𝑎𝑎 ≤ 1

∀𝑎𝑎 ∈ 𝑆𝑆, 𝑎𝑎 ∈ 𝑇𝑇
∀𝑎𝑎 ∈ 𝑆𝑆, 𝑎𝑎 ∈ 𝑇𝑇∀𝑎𝑎 ∈ 𝑆𝑆, 𝑎𝑎 ∈ 𝑇𝑇

=> Approximation through linearization necessary!

Assumption: shannon index reaches the maximum if following

statement applies:

𝑎𝑎𝑎𝑎,𝑎𝑎 ≤ 𝑎𝑎𝑎𝑎,𝑎𝑎 ∀𝑎𝑎 ∈ 𝑆𝑆, 𝑎𝑎 ∈ 𝑇𝑇
𝑎𝑎𝑎𝑎,𝑎𝑎 ∈ {0; 1} ∀𝑎𝑎 ∈ 𝑆𝑆, 𝑎𝑎 ∈ 𝑇𝑇

𝑣𝑣(𝑎𝑎ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎 𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑥𝑥),𝑔𝑔 = −�𝑎𝑎 ∈𝑇𝑇 �𝑐𝑐 ∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀�𝑎𝑎∈𝑆𝑆 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐹𝐹𝑐𝑐,𝑡𝑡,𝑎𝑎,𝑎𝑎 ⋅ ln 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐹𝐹𝑐𝑐,𝑡𝑡,𝑎𝑎,𝑎𝑎

�𝑐𝑐∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐹𝐹𝑐𝑐,𝑡𝑡,𝑎𝑎,𝑎𝑎 =
1

|𝑆𝑆|
∀𝑎𝑎 ∈ 𝑇𝑇, 𝑎𝑎 ∈ 𝑆𝑆

�𝑐𝑐∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐹𝐹𝑐𝑐,𝑡𝑡,𝑎𝑎,𝑎𝑎 + 𝑎𝑎𝑎𝑎,𝑎𝑎 − 𝑝𝑝𝑎𝑎,𝑎𝑎 =
1

|𝑆𝑆|

Indices𝑎𝑎 - index of the period 𝑐𝑐 – index of the cell 𝑔𝑔 – index of a group m – index of management option s – index of species

Sets𝑀𝑀 Management options 𝐶𝐶 Cells 𝑂𝑂𝑔𝑔 objectives o considered in group g𝑃𝑃𝑔𝑔𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 indicators i considered as objective in group g 𝐶𝐶𝑔𝑔 Cells in group g𝑇𝑇 Periods 𝐺𝐺 Groups

Input: Parameters𝑌𝑌𝑝𝑝,𝑔𝑔 lower bound for objective o in group g𝑌𝑌𝑝𝑝,𝑔𝑔 upper bound for objective o in group g𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎,𝑎𝑎𝐻𝐻𝑎𝑎𝑎𝑎𝑣𝑣𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎 Harvested amount of timber in 𝑡𝑡3 of species 𝑎𝑎 of assortment 𝑎𝑎 in period 𝑎𝑎 if management option 𝑡𝑡 is applied in cell 𝑐𝑐𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝑃𝑃𝑎𝑎𝑎𝑎𝑡𝑡𝑝𝑝𝑎𝑎𝑡𝑡𝑐𝑐𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑃𝑃𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎 Volume increment per period t for cell c with management option m𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝐶𝐶𝑎𝑎𝑎𝑎𝑡𝑡𝑝𝑝𝑎𝑎 Carbon sequestration in period 𝑎𝑎 if management option 𝑡𝑡 is applied in cell 𝑐𝑐𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑔𝑔 Standing timber in period 𝑎𝑎 if management option 𝑡𝑡 is applied in cell 𝑐𝑐𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 Number of large trees in period 𝑎𝑎 if management option 𝑡𝑡 is applied in cell 𝑐𝑐𝐹𝐹𝑐𝑐 Size of cell c in hectare

Output: Variables𝑦𝑦𝑝𝑝,𝑔𝑔∗ normalized value of objective o in group g𝑣𝑣𝑡𝑡,𝑔𝑔 value of indicator i in group g 𝑥𝑥𝑐𝑐,𝑡𝑡 =1, if management option 𝑡𝑡 is applied for cell 𝑐𝑐, otherwise 0

max𝑦𝑦𝑝𝑝,𝑔𝑔∗ =
𝑦𝑦𝑝𝑝,𝑔𝑔 − 𝑌𝑌𝑝𝑝,𝑔𝑔𝑌𝑌𝑝𝑝,𝑔𝑔 − 𝑌𝑌𝑝𝑝,𝑔𝑔𝑦𝑦 𝑡𝑡,𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 ,𝑔𝑔 = 𝑣𝑣𝑡𝑡,𝑔𝑔

∀ 𝑔𝑔 ∈ 𝐺𝐺, 𝑝𝑝 ∈ 𝑂𝑂𝑔𝑔
Indicator constraints:

Selecting one management option for each cell�𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 = 1 ∀𝑐𝑐 ∈ 𝐶𝐶
𝑥𝑥𝑐𝑐,𝑡𝑡 ∈ 0; 1 ∀𝑐𝑐 ∈ 𝐶𝐶,𝑡𝑡 ∈ 𝑀𝑀

Hard constraints, e.g.�𝑐𝑐∈𝐶𝐶𝑔𝑔 �𝑡𝑡∈𝑀𝑀 𝑥𝑥𝑐𝑐,𝑡𝑡 ⋅ 𝐵𝐵𝑐𝑐,𝑡𝑡,𝑎𝑎𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎≤≥ 𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎 ∀ 𝑎𝑎 ∈ 𝑇𝑇
…

Maximize weighted sum objective:

∀ 𝑔𝑔 ∈ 𝐺𝐺, 𝑡𝑡 ∈ 𝑃𝑃𝑔𝑔𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎
∀ 𝑔𝑔 ∈ 𝐺𝐺
∀ 𝑔𝑔 ∈ 𝐺𝐺
∀ 𝑔𝑔 ∈ 𝐺𝐺
∀ 𝑔𝑔 ∈ 𝐺𝐺
∀ 𝑔𝑔 ∈ 𝐺𝐺
∀ 𝑔𝑔 ∈ 𝐺𝐺

Prototype of the MCDSS 

Main features:

• Replication of forest areas on the basis of four representative case 

study regions (Estonia, Switzerland, Spain, Germany)

• Consideration of up to 20 indicators, which can be weighted 

individually in a weighted sum objective

• Utilization of user constraints and target values

• Optimization based on a Mixed Integer Linear Program (MILP)

• Extensive numerical output and graphical analysis with radar charts

Distribution of management options

in the CSR Catalonia

Radar chart with range of indicator values

and optimization result
Numerical output with objective values and

assignment of management options to cells

The mathematical model attempts to realize the 

prioritization of indicators based on the entered weights 

in the best possible way. As a result of the optimization 

the user gets an assignment of a management option to 

each of the cells created. For each indicator the lower and 

upper bound are calculated and its specific value that 

results out of the chosen management options. This can 

be analyzed in a radar chat  which is part of the output. 

For the CSR Catalonia the geo-coordinates of the cells 

were known, enabling the distribution of the manage-

ment options to be displayed graphically on a map.

… …
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