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Research questionReviewBackground

Action 3.4b 

Build a methodological approach and a tool to compare multifunctional management scenarios at the scale of

forest, taking into account risks.

« Five-year plan for forestry research and popularization 2019-2024 »

PhD initiation context
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➢ Climate change will affect ecosystem services supply and we are facing uncertainty about 

frequency and severity of risks that are coming

IPCC 2021

Research questionReviewBackground
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➢ Climate change will affect ecosystem services supply and we face uncertainty about frequency 

and severity of risks that are coming

➢ Disturbances could intensify in the future and interact with climate change in modulating 

ecosystem services.

Patacca et al. 2022

Research questionReviewBackground
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➢ Climate change will affect ecosystem services supply and we face uncertainty about frequency 

and severity of risks that are coming

➢ Disturbances could intensify in the future and interact with climate change in modulating 

ecosystem services.

➢ The homogenization of forests led by human through forest management and timber harvesting 

has globally decrease the forests resilience.

Research questionReviewBackground

Betts et al. 2021 6
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➢ We need solutions to increase forest

resilience

➢ We need solutions to deal with tradesoff

between ecosystem services and ensure

forest multifunctionnality
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A literature review

About solutions to increase forest and ecosystem services resilience

A research question

About solutions to increase forest / ecosystem services resilience AND ensure multifunctionnality

A new simulator

Adapted to belgian forests, forest scale and considering drought

Research plan
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A strategy to increase resilience : 

Ensure diversity at multiple scales
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Tree Stand Multi-stands (forest)
Landscapes
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State of the art
“Assessing the impact of structural and compositional complexity across scales on forest and ES 

resilience : An overview of the literature“

Research questionBackground Review
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Compositional complexity

Structural complexity

Management complexity

Stand scale

Forest scale

Landscape scale 
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How is studied the impact of structural and compositional complexity across scales on forest resilience and 
ecosystem services supply in the littérature ?

➢ On what scale ? ➢ What kind of complexity ? ➢ What kind of resilience ?

➢ What component of 

resilience ? 

➢ What type of risk ?➢ What ecosystem service ? ➢ What kind of indicator ?



How is studied the impact of structural and compositional complexity across scales on forest resilience 
and ecosystem services supply in the littérature ?

Research questionBackground Review
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Through forests attributes Through management types

➢ What type of species mix ?

hardwood/softwood

species diversity

functionnal traits diversity

…

➢ What kind of structure ?

➢ How is studied the complexity

through management ?

➢ …



Forest modelling

Risks scenarios

Management scenarios
Ecosystem services

Forest attributes

Saint-Hubert forest

Epioux forest

Hautes-Fagnes forest

Anlier forest

Managing the forest at multiple scales as a way to enhance forest resilience to drought and multifunctionnality : Are 
intensification, extensification and complexification strategies equal ? 

Public forests only

Background Review Research question
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Forest modelling

Risks scenarios

Management scenarios Ecosystem services

Forest attributes

Intensification Increase proportion of managed area

Extensification Decrease the proportion of managed

area

Complexification Increase balance in even-aged / 

uneven aged management ? 

Hardwood/softwood ratio ?

Increase beta-diversity ?

Intensification Reduce minimum cutting diameter

Increase thinning intensity

Extensification Increase minimum cutting diameter

Decrease thinning intensity

Complexification Increase compositional/functional

diversity ?

Favour secondary species ?

Scale
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Forest modelling

Risks scenarios

Management scenarios Ecosystem services

Forest attributes

Scenario type Stand scale Forest scale Enhance

Complexity

Baseline S-Baseline F-Baseline No

Intensification SI FI No

Extensification SE FE No

Trade-off 1 SE FI No

Trade-off 2 SI FE No

Baseline S-Baseline F-Baseline Yes

Intensification SI FI Yes

Extensification SE FE Yes

Trade-off 1 SE FI Yes

Trade-off 2 SI FE Yes

Legend

S : « stand »

F : “forest”

I  :”intensification”

E : “extensification”
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Forest modelling

Risks scenarios

Management scenarios Ecosystem services

Forest attributes

Scenario type Stand scale Forest scale Enhance

Complexity

Baseline S-Baseline L-Baseline No

Intensification SI LI No

Extensification SE LE No

Trade-off 1 SE LI No

Trade-off 2 SI LE No

Baseline S-Baseline L-Baseline Yes

Intensification SI LI Yes

Extensification SE LE Yes

Trade-off 1 SE LI Yes

Trade-off 2 SI LE Yes

Land sparing based strategy

Land sharing based strategy

Land sparing based strategy

Land sharing based strategy

Legend

S : « stand »

F : “forest”

I  :”intensification”

E : “extensification”
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➢ Two climate scenario will be explore : the SSP2-4.5 and the SSP5-8.5
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Forest modelling

Risks scenarios

Management scenarios Ecosystem services

Forest attributes

Focus on drought

IPCC 2021
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Forest modelling

Risks scenarios

Management scenarios Ecosystem services

Forest attributes

➢ We are creating our own simulators on Capsis platform

Wallonia Forest Simulator

A tree-individual and distance-independant model

Based on empirical growth and regeneration sub-model

Based on semi-empirical mortality sub-model 

Calibrated for 17 belgian species

Designed for mixed, pure, even-aged and uneven-aged 

stand



Harvested timber [m³/ha/year]

Harvested timber per species [m³/ha/year]

Harvested timber per species and girth class [m³/ha/year]

Basal area [m²/ha/year]

Basal area per species [m²/ha/year]

Basal area per species and girth class [m²/ha/year]

Carbon stock (dead wood,above and below-ground trees

biomass)[T/ha]

Harvested carbon stock [T/ha] (via C.A.T.)

Dead wood volume [m²/ha]

Number of living large wood [n/ha]

Number of dendromicrohabitat tree[n/Ha] 

Background Review Research question
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Forest modelling

Risks scenarios

Management scenarios Ecosystem services

Forest attributes

Multifunctionnality indicator
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Forest modelling

Risks scenarios

Management scenarios Ecosystem services

Forest attributes

Species diversity indices 

- Species richness

- Shannon index

- Simpson's dominance index

Structural diversity :

- Shannon index

- Gini index

Landscape diversity index : 

- To be define in literature

Resilience indicators

Niimmo et al. 2017



Background Review Research question

Managers added value :

➢ New decision support system (WaFfleS)

➢ New communication tool (WaFfleS)

➢ Potential guidelines to manage their forest

resilience and multifunctionality at large

scale considering drought risks

Research added value

➢ Littérature review on the impact of

structural and compositional complexity

across scales on forest resilience and

ecosystem services supply:

➢ Potential new knowledges about how to

manage forest resilience and

multifunctionality at large scale

considering drought risks

➢ New simulator for Belgian forests
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Contact : v.vankeymeulen@uliege.be

Thank you for your attention
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Supplementary material : Hypothesis

Ho : increasing structural and compositional complexity at the stand scale increase ES resilience by favouring

process linked to growth reactivity

Ho : increasing structural and compositional complexity at the forest scale will dicrease disturbances effect

by diversifying stand response paths and diversifying their sensitivity

Ho : intensification at forest and stand scale will decrease tree density and reduce competition for water 

ressources 

Ho : extensification will reduce pressure on biodiversity, intensification will increase timber production, 

hypothesis for carbon stocks ?  
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