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INTRODUCTION

This document is based on scientific data as of the date of production, which may change 
considering more recent scientific publications. The technical data for each of the forests 
on which it is based are produced by expert foresters, who allow for a certain margin of 
error. They may also be updated according to our knowledge of the forest areas in 
question, for example when an inventory is carried out or updated. 

The various elements of carbon quantification come mainly from the "Label Bas Carbone" 
methodology proposed by the CNPF, which aims to evaluate the potential carbon gain of an 
alternative silvicultural itinerary compared with a so-called reference scenario. As the GFI's 
forest carbon assessment is annual and based on real data, some calculations and data 
have had to be adapted, but they are still based on reliable scientific references. 

This information document is the property of France Valley. It contains private and 
confidential information. Copying, reproduction, or transmission of this document to any 
person other than the addressee requires the prior formal agreement of France Valley. 

While France Valley considers this document to be complete and accurate, it accepts no 
responsibility for any errors, omissions, or interpretations. France Valley entrusts the 
recipients of this document with the responsibility of carrying out any checks they deem 
necessary.
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1. Summary of carbon compartments assessed by 

the methodology
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Compartment type

Forest ecoystem

Above-ground biomass

Root biomass

Soil

Litter

Underfoor

Wood Products
Storage in wood products

Wood product substitution effect

Emissions
Forestry operations

Forest management activities



2. Quantifying carbon stock in forest ecosystems 

Before each new acquisition, the fund has a qualitative and quantitative assessment of the 
asset carried out by a forestry expert member of the Conseil National de l'Expertise 
Foncière Agricole et Forestière (CNEFAF). He adopts the methodology recommended by 
the Compagnie Nationale des Ingénieurs et Experts Forestiers et des Experts Bois 
(CNIEFEB). 
This assessment makes it possible to determine : 
 • Forest species making up the stands; 
 • Volumes by type of product (timber, firewood, pulpwood, etc.); 
 • The nature of the land (forest, moorland, farmland, bare land); 
 • An estimate of the biological growth of stands. 
Each year, the GFI's lead appraiser carries out a revaluation of all the assets in the portfolio, 
applying a growth rate to the stand and deducting any harvesting carried out during the 
year.
The data used in this methodology will be taken from the valuation at portfolio entry for the 
first year, and from annual revaluations thereafter. 

2.1  Datas

Data characterizing mature stands can be collected using a full-scale inventory (counting 
and measuring all trees), statistically using representative plots, or visually for low-value 
plots.
The volumes indicated in tons and steres are converted into cubic meters, the reference 
unit for our calculations, by the standards of the Institut Technologique Forêt Cellulose 
Bois-construction Ameublement (FCBA). 

2.1.1. Mature Forest stands

The assessment of wood volume in growing stands is based on the estimation of their 
biological growth and density. A theoretical silvicultural itinerary drawn up by the forester 
determines the volume according to the apparent age of the stands. 

2.1.2 Growing forest stands

5



According to the Label Bas Carbone methodology, the volume of above-ground biomass, in 
tons of dry matter, should be calculated as follows:

2.2 Above-ground biomass (𝑩𝑩𝑨𝑨)

However, as heavy timber volume is rarely used by forestry experts, we will use the 
"commercial" volume indicated in the expert's assessment for this calculation. This allows 
us to incorporate a margin of uncertainty at this stage, as the commercial volume is lower 
due to the larger diameter at which the measurement is stopped. In the case of young 
stands, the volume cannot be qualified as commercial, as the wood is not always 
harvestable due to its small diameter. We will therefore use the commercial volumes 
produced during the life of the stand, presented according to a theoretical silvicultural 
itinerary, to determine a smoothed volume, which could be marketed in the future, 
according to the apparent age of the stands. An example is shown in Appendix 1. 

The equation for calculating above-ground biomass will therefore take this form: 

𝑩𝑩𝑨𝑨 (𝒏𝒏) = 𝑽𝑽𝒄𝒄 × 𝑭𝑭𝑬𝑬𝑩𝑩 × 𝒅𝒅𝒊𝒊
équation 11 

The "branch" expansion factors used will be 1.3 for softwoods and 1.56 for hardwoods, as 
indicated in the Label Bas Carbone methodology (see Appendix 2). These figures consider 
carbon storage in the smallest sections of wood.
The infra-densities of forest species per cubic meter are presented in appendix 3. These 
data come from an unpublished note by Dupouey and are used by the Institut National de 
l'Information Géographique et Forestière (IGN) during its forest resource inventory 
campaigns.  

Note : In the absence of precision as to the forest species making up the forest stands, we 
will use the average values of infra-densities and branch expansion factors. 
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Root biomass, directly related to above-ground biomass, will be determined according to 
the equation indicated in the Label Bas Carbone methodology, namely: 

2.3 Root Biomass (𝑩𝑩𝑹𝑹) 

To quantify the carbon sequestered in the shrub, herb and foliage strata, we will refer to 
ADEME's recommended constants of 2.4 tC/ha for hardwood stands and 6.5 tC/ha for 
softwoods, using an average of 4.45 tC/ha of forest area, with the GFI composed equally of 
hardwood and softwood forests. We will not vary this compartment over time.

2.4 Underfloor Biomass (𝑩𝑩𝑺𝑺𝑺𝑺)

To quantify carbon storage in soils, we will use the equilibrium states recommended by 
Arrouays et al. (2002) and presented below by type of soil:

2.5 Soil (𝑺𝑺)

Nature of land

32 Vineyards and orchards

Agricultural crops

Carbon Storage (tC/ha)

Permanent meadows

Forests

45

70

70
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The equilibrium state corresponds to the point at which carbon inflows and outflows are 
equal, generally at 30 years. As the overwhelming majority of GFI's plots have been in a 
forest state for much longer, we consider that equilibrium has been reached for all the 
forested land in the GFI portfolio. 
It should be noted that recent studies tend to demonstrate that carbon storage in forest 
soils is much higher than the figures presented above. 

Note : In the absence of precise information on the nature of the land, no carbon stock will 
be retained. 

The equilibrium value of carbon stored in forest litter is set at 10 tC/ha, as recommended by 
Arrouays et al. (2002). As with the calculation of soil carbon stock, we consider that the 
equilibrium state of litter has been reached for all the forest land in the portfolio. 

2.6 Litter (𝐋𝐋)

The carbon contained in dead wood in forests will be neglected due to a lack of scientific 
studies on the subject. 

2.7. Deadwood

After calculating the carbon storage of the various compartments, the total quantification, 
in teqCO2, of the forest ecosystem studied will be evaluated as follows: 

2.8. CO2 Total Stock total in forest ecosystem (Sef)

The coefficient (44/12) allows the conversion of tonnes of carbon into teqCO2.
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3.2. Carbon Storage in harvested products 〖(S〗_PB)

3. Quantifying carbon storage and the 

substitution effect of harvested products 

3.1  Datas

As carbon storage in wood products and substitution effects are closely linked to the end 
use of harvested volumes, we will rely on invoices and contradictory receipts, which, when 
sold by product unit, provide information on the main categories of wood produced: 

 • Lumber or sawn timber: used in "solid" form, without chipping (carpentry, 
staveboard, cabinetwork, joinery, etc.).

 • Industrial wood: wood chips used to make particleboard (chipboard, OSB, 
etc.). This category also includes paper processing. Where possible, we will 
distinguish between these two uses, which do not have the same carbon 
storage time or substitution effect

 • Wood energy: used for heating, in the form of logs, chips or pellets.

In the case of "block" sales, we do not have the volume by product category. In such cases, 
France Valley, the forest manager, or the GFI's forestry expert will presume to use 
according to the purchaser of the lot, species, wood diameters, and conformation. 

The carbon contained in forest products at the start of year n, corresponding to the 
marketing year, will be assessed as follows: 
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3.3. Substitution effect of wood products (SU)

The average material yield per type of use will be defined using the work of INRA, 2014:

As the lifespan of wood energy is less than 2 years, we will not take into account the 
carbon storage for this use. 

Note : If the species marketed are not identified, we will use average infradensity values.  
Volumes indicated in other units (tonne, stere) will be converted to m3 according to the 
standards of the Institut Technologique Forêt Cellulose Bois-construction Ameublement 
(FCBA). 

Type of use

50%Lumber

Industrial Wood

Rendement

Wood energy

85%

100%

The substitution effect generated by wood harvesting will be quantified at the time of 
marketing. It will be calculated using the equation below : 

The table below shows the substitution coefficients assessed by Valada et al., 2016, and 
used by the CNPF as part of the Label Bas Carbone methodology. 
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We will not be quantifying the cascading use of wood materials throughout their life, which 
allows us to introduce a margin of uncertainty for both storage in wood products and 
substitution.

Type os use 

1.52Lumber

Paper Industry

Substitution Coefficient

Other industrial wod

0

0.77

Wood energy 0.25
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4. Quantifying carbone emissions generaterd by 

forest harvesting and management activities 

4.1. Forest Management (𝑬𝑬𝑭𝑭)

Neglected in the Low Carbon Label methodology, emissions from forest harvesting will be 
quantified. 
A 2014 study (González-García et al.) carried out in dynamically and extensively managed 
forests assessed emissions generated by forestry work (felling, skidding, reforestation, 
plantation maintenance and others) at 10 kgCO2e/m3 and 25 kgCO2e/m3 of wood product. 
Considering that French forests are not very intensively exploited, we will retain, in 
accordance with the recommendations of the 2017 Ademe report "Faire un diagnostic 
carbone des forêts et des produits bois à l'échelle d'un territoire", 0.01 teqCO2/m3 under 
bark per wood product. We will not convert between volumes on and under bark, as the 
difference is negligible. 
The calculation of emissions generated by forestry work will take this form: 

4.2.  Management activities (𝑬𝑬𝑮𝑮)

Technical management activities (hammering, monitoring, felling and work supervision, 
etc.) are delegated to local service providers (forestry experts, managers, cooperatives, 
independent contractors). According to our observations, a manager visits each forest on 
average 6 times a year. To estimate the emissions generated by their travel, we will define 
the distance between their premises and the forest concerned. In 2017, ADEME estimated 
average emissions per kilometer from the private car fleet at 111 geqC02/km, i.e., 0.000111 
teqC02/km. 
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Quantifying emissions from management activities will take this form: 
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5. Evolution and annual balance

5.1. Carbon stock evolution in the forest ecosystem

Two main factors will influence the evolution of the carbon stock in the ecosystem: 

 • Biological growth of stands
 • Wood harvesting

The biological increase in stand volume will be assessed annually by the GFI's lead expert 
and used as a basis for calculating above-ground and root biomass at n+1. Removals 
carried out during the year will be deducted beforehand. 
The calculation of aerial biomass at n+1 will therefore take this form: 

As there is very little literature on the decomposition of root biomass, we will assume that it 
disappears when the harvest is carried out. It is, however, undeniable that storage continues 
in this compartment for years. As we were unable to substantiate this scientifically, we will 
estimate above-ground biomass at n+1 as follows: 

Carbon storage in the other compartments of the forest ecosystem will only change in the 
event of a plot being sold or acquired. 
In conclusion, the storage in teqCO2 at n+1 in the forest ecosystem will be obtained by this 
equation: 
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5.2. Evolution of carbon stock in wood products

The evolution of carbon stored in wood products, by type of use, will be evaluated following 
the methodology of the Label Bas Carbone, i.e. : 

The type of use will be determined based on contradictory invoices and receipts. In the 
absence of information concerning industrial wood, we will apply the lowest half-life, i.e. 
paper. An example is available in Appendix 4. 

Type os use

35Timber (sawing)

Industrial wood – wood panels

Half-life time

Industrial wood - paper

25

2

Wood energy 0
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Half-life times are defined by the European Commission: 



5.3. Annual balance

This methodology is not subject to discounts as presented in the Low Carbon methodology 
to protect against the risks of non-permanence of the forested state, fires, storms or 
phytosanitary because the reassessment of the stock will take place annually. In the event of 
a disaster, the compartments will be impacted according to the inventory drawn up by the 
manager of the forest concerned. 
Furthermore, the GFI has taken out storm and fire insurance for all forests, which greatly 
limits the risk that stands will not be reforested, due to lack of financing, in the event of a 
disaster. 
No discount for losses during operations will be calculated because the quantification of 
substitution and storage effects is based on the volumes sold.
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The evolution of the Forest Carbon Balance will take this form: 

5.4. Discount



APPENDICES
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Appendix 1 : Example of determining the 
smoothed commercial volume of an immature 
stand
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According to this theoretical silvicultural scenario, the natural growth of these populations 
is estimated at 10.6 m³/ha/year. Over their 60-year lifespan, they will produce a total 
marketable volume of 635 m³. Excluding the cuts presented opposite, the woods produce 
annually a smoothed annual increase of 10.58 m³/ha. 

The apparent age of this Taeda Pine plantation being two years, the volume used to 
calculate the aboveground biomass is 21.16 m³/ha.



Appendix 2 : “Branch” expansion factors

Type  

1,56Hardwoods

Softwoods 

Half-life time

Undifferentiated

1,30

1,43
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Appendix 3 : Infradensities of forest species in tMS, 

tC and TeqCO2
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Species Infradensity in tMS per m³
Content in tCarbon per 

m³
Content in TeqCO2

Torminal serviceberry 0,62 0,29 1,08
Arbutus 0,64 0,30 1,11
Green alder 0,42 0,20 0,73
Large alders 0,42 0,20 0,73
Birches 0,52 0,25 0,91
Atlas cedar 0,36 0,17 0,63
Charm 0,61 0,29 1,06
hop hornbeam 0,66 0,31 1,15
Chestnut 0,47 0,22 0,82
Hairy oak 0,67 0,32 1,17
Common oak 0,56 0,27 0,98
Oak cork 0,7 0,33 1,22
Pedunculate oak 0,54 0,26 0,94
Downy oak 0,65 0,31 1,13
American red oak 0,56 0,27 0,98
Sessile oak 0,58 0,28 1,01
Tauzin oak 0,64 0,30 1,11
Holm oak 0,73 0,35 1,27
Undifferentiated oaks 0,56 0,27 0,98
Male dogwood 0,74 0,35 1,29
Cypress 0,4 0,19 0,70
Laburnum aubour 0,6 0,29 1,05
Douglas 0,43 0,20 0,75
Common spruce 0,37 0,18 0,64
Sitka spruce 0,36 0,17 0,63
Large maples 0,51 0,24 0,89
Small maples 0,56 0,27 0,98
Eucalyptus 0,56 0,27 0,98
Thuriferous juniper 0,48 0,23 0,84
Beech 0,55 0,26 0,96
Ash trees 0,56 0,27 0,98
Fruit trees 0,58 0,28 1,01
Yew 0,58 0,28 1,01
European larch 0,48 0,23 0,84
Japanese larch 0,42 0,20 0,73
Cherry 0,5 0,24 0,87
Hackberry 0,55 0,26 0,96
Mulberry 0,53 0,25 0,92
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Note : The infr adensity of the “common oak” was obtained by aver aging the infr adensities of the 
sessile and pedunculate oak. We ver y r ar ely have the distinction between these two species within 
the exper tise.

Hazel 0,52 0,25 0,91
Walnut 0,52 0,25 0,91
Olivier 0,75 0,36 1,31
Elms 0,52 0,25 0,91
Cultivated poplars 0,35 0,17 0,61
Uncultivated poplars 0,37 0,18 0,64
Aleppo pine 0,45 0,21 0,78
Swiss pine 0,39 0,19 0,68
Hook pine 0,44 0,21 0,77
Laricio pine 0,46 0,22 0,80
Maritime pine 0,46 0,22 0,80
Mugho pine 0,44 0,21 0,77
Austrian black pine 0,46 0,22 0,80
Gable pine 0,48 0,23 0,84
Scots pine 0,44 0,21 0,77
Weymouth Pine 0,34 0,16 0,59
Plane trees 0,5 0,24 0,87
Robinia false acacia 0,58 0,28 1,01
Mediterranean fir 0,37 0,18 0,64
Nordmann fir 0,37 0,18 0,64
Silver fir 0,38 0,18 0,66
Vancouver Fir 0,36 0,17 0,63
Willows 0,37 0,18 0,64
Tamarisk 0,53 0,25 0,92
Tilia 0,43 0,20 0,75
Aspen 0,38 0,18 0,66
Softwood 0,42 0,20 0,73
Hardwoods 0,57 0,27 0,99
Undifferentiated 0,54 0,26 0,94
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Appendix 4 : Example of the evolution of 

carbon storage in teqCO2 according to the 

types of use (100 m³ of Douglas roundwood)
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Note : the difference visible in year 0 comes from sawing yields (50% for lumber; 85% 
for industrial wood.



Appendix 5 : Example of modeling the evolution 

of carbon flows in a theoretical silvicultural 

scenario: reforestation of one hectare of Douglas 

fir in regular high forest, with an increase of 16.18 

m³/ha/year
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Forestry route : 

Evolution of the forest carbon footprint

Note: this example does not take into account emissions generated by forest 
exploitation and management because they are negligible for a one-hectare project. 

Years 25 31 37 43 49 55 Total
Type of cut 1st 

thinning
2nd 

thinning
3rd 

thinning
4th 

thinning
5th 

thinning
Clear cut -

Total withdrawal (m³) 60 80 100 100 100 450 890
-Including lumber (sawing) - 16 40 40 70 315 481
-Including industrial wood
(panel)

60 64 60 60 30 135 409

Compartments
0 to 10 
years

0 to 20 
years

0 to 30 
years

0 to 40 
years

0 to 50 
years

Aboveground biomass 158 315 414 396 359
Root biomass 43 79 101 97 89
Ground - - - - -
Litter - - - - -
Under floor - - - - -
Wood product storage - - 32 109 172
Substitution effect - - 39 206 432
Total evolution over the 
period

+ 201 + 394 + 587 + 809
+ 1052
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