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Which forest is the best carbon sink?



What is the silvicultural

scenario that will maximize

the carbon sink?



Stock and fluxes of carbon

STOCK FLUXES



Carbon stock in timber products

Substitution (energy, material)



Objectives
1. Characterizing fluxes 

of wood products among 

production units of the 

Walloon timber sector

2. Carbon stocks of 

forest stands of 

contrasted composition 

3. Carbon stocks of pure 

Norway spruce stands 

managed with contrasted 

silvicultural scenarios

100 m³ of broadleaved

timber

Uneven-aged beech stand

Even-aged spruce stands 

with contrasted silvicultural

scenarios100 m³ of coniferous timber Even-aged spruce stand



1. Fluxes of wood products in the Walloon timber sector



Fluxes between production units

Timber product

• Life cycle (building material – paper)

• CO2 emissions (sawn products - pannels MDF, paper)

• Substitution factor (building material – paper/energy)



For 100 m³ of harvested timber:

- Sawn products : 78%/29% = 2.7

- Short-cycle product : 29%/85% = 0.3

- CO2 emissions : 0.7

- Substitution factors : 1.2

- Carbon stock : 2 



2. Carbon sequestration in forest stands of contrasted composition 

• Yield table 

• Initial density :2000 trees/ha

• Site index : 27 m - 50 years

• Cutting cycle : 6 years

• Rotation : 82 years

• 15.6 m³/ha/year

• GYMNOS model + CAT

• Inventory of broadleaved stands 
in Ste-Ode Forest (450 ha) 

• 90% beech

• Basal area : 20-25 m²/ha

• Cutting cycle : 12 years

• 5,5 m³/ha/year

• WALSI model + CAT



tC/ha

Living

biomass
Deadwood

Timber

product
Total

Substitution

tC/ha/year

2. Carbon sequestration in forest stands of contrasted composition 

• Carbon stocks in living and dead biomass were slightly affected by stand composition

• Larger carbon stock (+- 100 tC/ha) in timber product with coniferous plantations

• Greater substitution potential with coniferous plantations.

Best alternative : Coniferous plantation

Reference (broadleaved)  - Alternative scenario (coniferous)



Without thinning

Living biomass

With thinning

3. Carbon sequestration in pure Norway spruce stands managed 

with contrasted thinning regimes

Reference scenario

10 virtual stands of Norway spruce

• 2 cutting regime : With / Without thinning (E/SE)

• 5 Rotation length : 58 / 70 / 82 / 88 / 100 years

• Yield tables

• Infinite cycle

• GYMNOS model + CAT



Without thinning

Living biomass

Timber product

Deadwood

With thinning

3. Carbon sequestration in pure Norway spruce stands managed 

with contrasted thinning regimes

Reference scenario

Thinning :

• Reduces the carbon stocks in living and 
dead biomass

• Slightly increases the carbon stock in timber 
products



Stock total Substitution
tC/ha tC/ha/year

3. Carbon sequestration in pure Norway spruce stands managed 

with contrasted thinning regimes

Long rotation (>70 years) :

• Increases carbon stock (living biomass) : +- 100 tC/ha

• Reduces carbon substitution without thinning

• Increases carbon substitution with thinning

Best alternative : ??? (Long revolution without thinning)



Limitations

• No perturbation !

• CO2 emissions related to plantations

• Import/export

• Below-ground carbon

• CH4, CO2 emissions of wood decomposition in 
landfills

• Representativeness of the Walloon timber sector

• Representativeness of selected study cases
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Does it matter? Should 
we convert 
broadleaved stands 
into unthinned 
coniferous 
plantations?
• Walloon silviculturists could 

increase carbon stocks by 100 
tC/ha (367 tC02/ha)

• Imagine they do so on the 
whole forest area (impossible 
but let’s imagine) 

• Carbon stock would increase 
by 55 MtC (200 MtCO2) 

• = 6 years of  annual Walloon 
CO2 emissions (34 MtCO2)

• What about other ecosystem 
services?



Merci


