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?
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Research questionSimulatorBackground



 Climate change will affect ecosystem services supply and we are facing uncertainty about 
frequency and severity of risks that are coming (IPCC 2021)
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IPCC 2021

Research questionSimulatorBackground



 Climate change will affect ecosystem services supply and we face uncertainty about frequency 
and severity of risks that are coming (IPCC 2021).

 forests resilience has globally decrease, also because of the homogenization of forests led by 
forest management and timber harvesting (Muller et al. 2022).

 The demand for other ecosystem services is also increasing.

Betts et al. 2021 5
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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

Research questionSimulatorBackground



Research questionReviewBackground

1. A strategy to ensure forest resilience : increase forest complexity at multiple scales

Tree Stand Multi-stands (forest) Landscapes

8



Research questionReviewBackground

1. A strategy to ensure forest resilience : increase forest complexity at multiple scales

Tree Stand Multi-stands (forest) Landscapes
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2. A strategy to reduce trades-off between ES : Consider multifunctionnality at forest scale

Diluated disturbances
Extensive management + reserves

Concentrated disturbances
Intensive management + reserves



A literature review
About the link between forest heterogeneity at different scales and the resilience of forest 

ecosystem services

A research question
About management solutions to increase forest resilience and multifunctionnality

A new simulator
Adapted to belgian forests, forest scale and considering drought

Research plan
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Research question

Walsi and WaFfleS (Wallonia Forest Simulator) :

 A tree-individual and distance-independant model

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

 Drought sensitive

 Calibrated for 22 Belgian species

Background Simulator
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Carpinus betulusPicea abiesQuercus sp.
Alnus sp.Pseudotsuga menziesiiFagus sylvatica

Quercus rubraPinus sylvestrisBetula sp.
Prunus aviumSorbus aucupariaFraxinus excelsior

Castanea sativaRobinia pseudoacaciaPopulus x (hybridé)
Picea sitchensisPrunus serotinaAcer pseudoplatanus
Other hardwoodPinus nigraLarix sp

Other softwood

Step 1 : model generalities
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Step 2 : input files

Input files required :

 An inventory file

Research questionBackground Simulator
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Step 2 : input files

Input files required :

 An inventory file

 A species file

Species specific parameters
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Step 2 : input files

Input files required :

 An inventory file

 A species file

 A climate file :

o Data projection from SSP scenarios

o Generated by M.A.R

Research questionBackground Simulator



Schéma inspiré de Perin et al. 2018 

Mortality

Thinning Plantation
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Growth Recruitment

Step 3 : Forest dynamic processes

Research questionBackground Simulator



16

Mortality

Eclaircies Plantations

Mortality sub-model
 Also used in Samsara2
 From European NFI data

16Beauchamps 2023

Thinning Plantation

Growth Recruitment

Step 3 : Forest dynamic processes

Deadwood decay sub-model

Research questionBackground Simulator
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Eclaircies Plantations

Growth sub-model
 From SIMREG model
 From Belgian NFI data

Growth
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Mortality

Thinning Plantation

Recruitment

Step 3 : Forest dynamic processes

Research questionBackground Simulator
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Eclaircies Plantations

Recruitment sub-model
 From SIMREG model
 From belgian NFI data

1. Recruitment density computation

Recruitment

2. Recruitment composition computation

Mortality

Thinning Plantation

Growth

Step 3 : Forest dynamic processes

Research questionBackground Simulator
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Step 4 : Interveners for management at stand scale

RecruitmentMortality

Thinning Plantation

Growth

Research questionBackground Simulator
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WaFfleS and Walsi : two different model

 In WaFfleS : 

o Stands are spatialized

o Stands interacts (recruitment process)

o A simulated area is used

o We need to find solution for large scale management

Research questionBackground Simulator



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

Background Simulator Research question

3 management & 
climate scenarios

2 Inventory files

4 ES provision timeseries analysis

ES linker functions
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The methodology to gather data at large scale still need to be define.
 Full inventory
 Samples methodology
 Airborne laser scanning (ALS)

2 Inventory files

BE

Saint-Hubert forest

Epioux forest

Hautes-Fagnes forest

Anlier forest

Public forests only

Processing chain to reconstitute tree characteristics for large areas 
(Vallet et al. 2023)
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Increase proportion of managed area

Decrease the proportion of managed
area

Increase beta diversity

Reduce minimum cutting diameter
Increase thinning intensity

Intensification

Increase minimum cutting diameter
Decrease thinning intensity

Extensification

Increase alpha diversityComplexification

3 management & 
climate scenarios

Bas

αSSP2

We will investigate intensification / extensification and complexification strategies
at stand and forest scales

Background Simulator Research question



Background Review Research question
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Forest scaleStand scaleScenario type

F-BaselineS-BaselineBaseline

FISIIntensification

FESEExtensification

FISETrade-off 1

FESITrade-off 2

Legend
S : “stand”
F : “forest”

I  : “intensification”
E : “extensification”

 We will test 5 mixed intensification /extensification scenarios
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Enhance Complexity
1               2             3

Forest scaleStand scaleScenario type

No             α βF-BaselineS-BaselineBaseline

No             α βFISIIntensification

No             α βFESEExtensification

No             α βFISETrade-off 1

No             α βFESITrade-off 2

 We will test 5 mixed intensification /extensification scenarios x 3 complexification scenarios  

Background Simulator Research question



 Two climate scenario will be explore
 Focus on drought issue
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IPCC 2021
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Volume de bois mort [m²/ha]
Diversité de bois morts
Nombre de très gros bois vivants [n/Ha]

Indices de diversité spécifique :
o Richesse en espèce
o Indice de Shannon
o Indice de dominance de Simpson
Diversité structurelle :
o Indice de Shannon
o Indice de Gini

Indice de diversité du paysage 

Volume récolté [m³/ha/an]
Volume récolté par essence [m³/ha/an]
Volume récolté par essence et par classe de 
circonférence [m³/ha/an]

Augmentation de la surface terrière [m²/ha/an]
Augmentation de la surface terrière par essence 
[m²/ha/an]
Augmentation de la surface terrière par essence et par 
classe de circonférence [m²/ha/an]

Stock de carbone sur pied : biomasse aérienne et 
souterraine [T/ha]
Stock de carbone exporté [T/ha] -> C.A.T

Calcul volume 

Taux de 
conversion 
carbone

Calcul surface 
terrière

Calcul hauteur

IN/OUTput WaFfleS :

 Espèce
 Classes de 

circonférence
 Nombre de tiges

4 ES linker functions
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Volume de bois mort [m²/ha]
Diversité de bois morts
Nombre de très gros bois vivants [n/Ha]

Indices de diversité spécifique :
o Richesse en espèce
o Indice de Shannon
o Indice de dominance de Simpson
Diversité structurelle :
o Indice de Shannon
o Indice de Gini

Indice de diversité du paysage 

Volume récolté [m³/ha/an]
Volume récolté par essence [m³/ha/an]
Volume récolté par essence et par classe de 
circonférence [m³/ha/an]

Augmentation de la surface terrière [m²/ha/an]
Augmentation de la surface terrière par essence 
[m²/ha/an]
Augmentation de la surface terrière par essence et par 
classe de circonférence [m²/ha/an]

Stock de carbone sur pied : biomasse aérienne et 
souterraine [T/ha]
Stock de carbone exporté [T/ha] -> C.A.T

4 ES linker functions

28

Niimmo et al. 2017

Background Simulator Research question



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

Background Simulator Research question

3 management & 
climate scenarios

2 Inventory files

4 ES provision timeseries analysis

ES linker functions
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Contact : v.vankeymeulen@uliege.be

Thank you for your attention
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