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Criterion summary

Criterion 1 constitutes the base for monitoring sustainable forest management as it sets out to describe the 
state of surface area, timber and carbon resources in French forests.

The indicators under Criterion 1 monitor the issue of the sustainability of forest management . This is 
assessed in relation to variations over time of the wooded surface and growing stocks (actual drains are 
described under Criterion 3 which deals with economic functions of the forest).

Criterion 1 also gives information on the contribution of forest ecosystems in combating the greenhouse 
gas effect. Through their atmospheric CO2 sequestration, the forests help to mitigate the effects of climate 
change.

Criterion 1 therefore relies on four major international indicators dealing with the wooded surface area (1.1), 
the volume of growing stock (1.2), the maturity of the resource (1.3) and the carbon stock (1.4). 

Given the huge diversity of French forests and the variability of factors influencing its evolution (climate, 
relief, history, socio-economic contexts, etc.), it is necessary to put the resource management analysis into 
context for each region, species, diameter class (to analyze the maturity of the resource) and, depending on 
circumstances, ownership category, structure and age class (for even-aged stands). Criterion 1 has therefore 
been enriched with eight national indicators which have a total of no less than 29 tables of figures (without 
counting the illustrations taken from them). The list of the Criterion 1 indicators is given after this summary.

All the Criterion 1 indicators are calculated with the results collected under the national foresty inventory 
program (NFI) which has been conducted in France since 2012 within the Institut national de l’information 
géographique et forestière (IGN - National Institute of Geographic and Forestry Information).

Criterion goals 

Analysis
All indicators for the state of the French forest resource remain first and foremost marked by the transition 
process that started for more than a century, which features an increase in the wooded surface area1 and 
expanding volume of wood per hectare2. This basic long-term phenomenon originates in the 19th century 
industrial revolution. The result throughout the 20th century was, firstly, agricultural abandonment and 
land being reclaimed by the forests and, secondly, rural abandonment, which when associated with the 
upsurge in fossil energies, triggered a continuous drop in coppicing for heating purposes.

As deforestation remains limited, the result is a forest surface area increasing at the same pace as agricultural 
abandonment, which varies tremendously in intensity and age depending on the regions. In addition, the 
lengthening of forest revolutions following the gradual abandoning of coppicing and coppicing-with-
standards increases the average diameter of trees in French forests and therefore the volume of wood. The 
increased surface areas and volumes are nevertheless governed by two different processes that are neither 
synchronous nor always correlated spatially. 

Forests are currently expanding throughout the country basically as natural growth, but they have also 
benefited from large afforestation campaigns, such as the one undertaken by the Fonds forestier national 
(FFN - National Forestry Fund), which helped to plant one million hectares with conifer stands (spruce, 
Douglas fir, Corsican pine) between 1947 and the end of the 1990s. In the period between 1990 and 2010, 
the forest surface are increased by two million hectares due to the afforestation of shrubland (Indicator 1.1).

1. IGN, 2013. A century of expansion of French forests, from the Daubrée statistic to the IGN forestry inventory. L'IF, 31, Saint-Mandé, 8 p.,  
<http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf> (consulted on 19 January 2016). 

2. NFI, 2011. Volume of growing stock in French forests: 650 million additional cubic meters in a quarter of a century. L'IF, 27, Nogent-sur-Vernisson, 12 p., 
<http://inventaire-forestier.ign.fr/spip/IMG/pdf/web_IF_evol-vol.pdf> (consulted on 19 January 2016). 

http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/web_IF_evol-vol.pdf
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The increased surface areas and average tree size both help to generate a significant rise in the growing 
stock in French forests, with a gain of 800 million cubic meters between 1981 and 2010 (Indicator 1.2). The 
46% increase in standing stock would be even more without the storms in December 1999 and January 
2009. The growing stock is currently increasing faster than that of the wooded surface area, as the new 
forests, which basically comprise naturally-growing, broadleaved species, are still immature and as yet little 
capitalized. Trees in fact only achieve their maximum growth in volume after several decades. The volume of 
growing stock reached 163 cubic meters per hectare on average in 2010, a rise of 25% in the previous thirty 
years.

The growth in the stock of forest biomass helps to mitigate the greenhouse gas effect by acting as a 
carbon pump. Forest trees have removed about 50 million tonnes of CO2 every year on average from the 
atmosphere in the last thirty years (Indicator 1.4).

This forest expansion alters most features of French forests in depth. In terms of forest structure, Indicator 
1.1.3 shows an increase in the surface area of high forest, a decline in coppicing and relative stability of 
mixed high forest-coppice, in conjunction with the new afforestation (growth and plantings) and the gradual 
conversion of coppices and former coppices-with-standards. The composition of species is also changing 
gradually. Indicator 1.2.2 describes a French resource where the broadleaved species still dominate 
in volume (two-thirds in 2010), especially pioneering species like ash or birch or coppicing species like 
hornbeam, pedunculate oak or southern oaks. Private forests are increasingly contributing to the national 
growing stock, reaching 72% in 2010 (Indicator 1.2). The afforestation during the 20th century, and which is 
still seen today, has above all involved private properties (Indicator 1.1). The stands are still immature and 
growing. They are marked by smallest-diameter trees (Indicator 1.3). The share of large- and very large-
diameter trees in the total forest resource is increasing (Indicator 1.3), in conjunction with the gradual 
maturing of new broadleaved forests and conifer plantings (Indicator 1.3.1) and the difficulty in enhancing 
the economic value of large-diameter conifers.

All these changes are sharply contrasting depending on geographical location. Given the socio-economic 
origin of the expansion, exogenous to the forest itself, the regions are affected differently and non-exactly 
synchronously, depending on whether the agricultural abandonment has been more or less extensive or 
more or less early. Thus, by the side of the traditional forest regions of the South-West and North-East, where 
the surface area and standing volume are stable and where tensions can come to light in supplying wood 
industries with timber from the most easily exploitable resources, significant stocks are appearing in new 
forest regions that are not yet highly exploited like the Centre Region, Burgundy and the north of the Massif 
Central. 

The forest surface area continues to grow at a rate of close to 100,000 hectares per year (see Indicator 1.1.a, 
source IGN) in the regions to the south of the Massif Central (Languedoc-Roussillon and Midi-Pyrénées), 
Corsica and Brittany. This is mainly spontaneous afforestation on former grazing land and heathland.

The increase in the growing stock appears to be still accelerating and achieving values that are 
unprecedented in modern times. This is inherent to the dynamics of the forest transition introduced 
previously and must not be interpreted automatically as the global result of a drop in logging levels. 
Although it is clear that the harvesting volume has remained globally stable in France over the last twenty 
years, including the 1999 and 2009 storms (see Indicator 3.2), this national trend conceals stark regional 
contrasts in terms of felling rate (see Criterion 3). The detailed analysis of the level of logging in French 
forests remains difficult to assess, however, without distinguishing between the respective inputs of new and 
ancient forests, and even between old and new high forestsin the ancient ones. Researchers are currently 
looking into this, especially at IGN based on the results of the Daubrée survey of 1912.

Conclusion
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1.1. Surface areas of forests
1.1.a. Surface area of forests and other wooded land in the territory
1.1.b. Forest area, per type of stand
1.1.c. Forest area, per type of ownership and per type of stand
1.1.d. Forest area, per type of ownership and per administrative region 

1.1.d.1. Proportion of private forest in the forest area of the administrative region

Purpose of the indicator
This indicator assesses the surface area of forests and other wooded land in the national territory (1.1.a). The 
forest area is also broken down per type of stand (1.1.b), category of ownership (1.1.c) and lastly category of 
ownership and administrative region (1.1.d). 
The forest area is significant data in describing the place of forests in the national territory over time. The 
surface areas per type of stand, ownership category and administrative region are used to characterize the 
main dimensions of the surface area of French forests.

n Results 
 1.1.a. Surface area of forests and other wooded land in the territory

 1990    2000  2005  2010 
Land use Surface

1000 ha

Forests  14,436  15,289  15,861  16,418 
Shrubland of more 
than 50 ares

 2,038  1,804  887  739 

Other land with tree 
cover

 311  286  356  348 

Other land use  38,134  37,539  37,816  37,414 
National metropolitan 
territory  54,919  54,919  54,919  54,919 

Sources: 
SSP, Teruti and then Teruti-Lucas surveys
IGN, national forest inventory 
FAOSTAT for the surface area of the metropolitan territory
Forest estates and time domains involved: 
Forests, other wooded land (shrubland of more than 50 areas) and other areas 
with tree cover as laid down by FAO. Thickets, hedges and scattered trees.

“Forests” and “Shrubland of more than 50 ares” categories:
Year 1990 (Teruti): by linear regression on years 1992 to 1996
Year 2000 (Teruti): year 2000
Year 2005 (IGN): by linear regression on surveys 2008 to 2012
Year 2010 (IGN): surveys 2008 to 2012

“Other land with tree cover” category
Year 1990 (Teruti): by linear regression on years 1992 to 2003
Year 2000 (Teruti): year 2000
Year 2005 (Teruti-Lucas): by regression on years 2006 to 2012
Year 2010 (Teruti-Lucas): year 2010

 1.1.b. Forest area, per type of stand
1981 1986 1991 1996 2006-2009 2008-2012

Forest estate Type of stand Surface Surface

1000 ha 1000 ha

Forests available 
for wood supply 
excluding thickets 
and poplar planta-
tions

Broad-leaved 8,128 8,261 8,361 8,527 9,715 ± 113 9,960 ± 107
Conifers 3,676 3,703 3,706 3,736 3,350 ± 83 3,315 ± 78
Mixed 1,134 1,157 1,208 1,268 1,641 ± 65 1,706 ± 61
Undetermined 187 269 404 376 418 ± 39 438 ± 36
Total 13,126 13,390 13,678 13,908 15,123 ± 104 15,419 ± 99

Poplar plantations 202 202 207 220 195 ± 20 187 ± 18
Total forest available for wood supply 
(excluding thickets and including poplar 
plantations)

13,328 13,592 13,885 14,128  15,319 ±  104 15,607 ±  99 

Thickets 211 181 188 184 109 ± 21 127 ± 21

Source: IGN, national forest inventory. 
Forest estates and time domains involved: 
Years 2008-2012: forests available for wood supply excluding poplar plantations, poplar plantations and thickets, surveys 2008-2012.
Years 2006-2009: forests available for wood supply excluding poplar plantations, poplar plantations and thickets, surveys 2006-2009.
Years 1981, 1986, 1991 and 1996: mean years of departmental surveys (see Appendix 3 for the surveys used for each department)
Clarifications: 
The type of stand is “indeterminate” when it covers no more than 15% in the layer eligible for inventory where an inventory of the stand can be performed and in the 
layer not eligible for inventory where it is impossible to perform an inventory of the stand.
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 1.1.c. Forest area, per type of ownership and per type of stand

2008-2012

Forest estate Ownership 
category Type of stand Stands eligible and non-

eligible for inventory

Proportion of 
stands eligible 
for inventory

See 
titles on 

right

1000 ha % %

Forest avail-
able
for wood sup-
ply excluding 
poplar planta-
tions

State-owned 
forest

Broad-leaved  845 ±  29 93 60

% of the type 
of stand 
in the ownership 
category

Conifers  377 ±  24 96 27
Mixed  178 ±  19 95 13
Indeterminate n.s. n.s. n.s.

... including temporarily unstocked areas n.s. n.s. n.s.

Other public 
forests

Broad-leaved  1,472 ±  35 94 62
Conifers  565 ±  30 97 24
Mixed  321 ±  24 98 13
Indeterminate  n.s. n.s. n.s.

... including temporarily unstocked areas n.s. n.s. n.s.

Private forests

Broad-leaved  7,643 ±  99 96 65
Conifers  2,374 ±  69 92 20
Mixed  1,207 ±  53 96 10
Indeterminate  395 ±  34 0 3

... including temporarily unstocked areas  36 ±  10 0 0

All 
Properties

Broad-leaved  9,960 ±  107 95 65
% of the type 
of stand 
in the forest avail-
able 
for wood supply 
excluding poplar 
plantations

Conifers  3,315 ±  78 93 21
Mixed  1,706 ±  61 97 11
Indeterminate  438 ±  36 0 3

... including temporarily unstocked 
areas  40 ±  11 0 0

Total forest available for wood supply excluding poplar 
plantations  15,419 ±  99 92 100

Poplar planta-
tions

State-owned forest n.s.  n.s.
Other public forests  n.s. n.s.
Private forests  182 ±  17 86
Total poplar plantations  187 ±  18 86

Total forest 
available for 
wood supply

State-owned forest  1,416 ±  30 93 9 % of the owner-
ship category 
in the forest 
available for wood 
supply

Other public forests  2,390 ±  33 94 15
Private forests  11,801 ±  95 92 76

Total forest available for wood supply  15,607 ±  99 92 100

Forest not 
available for 
wood supply

State-owned forest  90 ±  14 n.a.
Other public forests  168 ±  19 n.a.
Private forests  553 ±  38 n.a.
Total forest not available for wood supply  811 ±  45 n.a.

Entire forest

State-owned forest  1,506 ±  29 n.a. 9 % of the owner-
ship 
category in the 
entire forest

Other public forests  2,557 ±  29 n.a. 16
Private forests  12,354 ±  92 n.a. 75
Total entire forest  16,418 ±  94 n.a. 100

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2008-2012: forests (available for wood supply excluding poplar plantations, poplar plantations, not available for wood supply), surveys 2008-2012.
Clarifications: 
Definitions of different forest estates: see definitions in Appendix 1.
The type of stand is “indeterminate” when it covers no more than 15% in the layer eligible for inventory where an inventory of the stand can be performed and in the 
layer not eligible for inventory where it is impossible to perform an inventory of the stand. 
The type of stand is “temporarily unstocked” when no species can be recorded in the field (most often following clear cutting).
n.a. : data not available
n.s. : data of no significance
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, surveys 2008-2012.

 1.1.d. Forest area, per type of ownership and per 
administrative region 

 1.1.d.1. Proportion of private forest in the forest 
area of the administrative region

The full table (too large) is available in the downloadable 
data sheet. Only the representation of the proportion 
of private forest is presented here, as the proportion 
of public forest in each region supplements that of the 
private forest.
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The forest area has grown by some two million 
hectares over the last twenty years whereas shrubland 
has declined (1.1.a). The area of forest available for 
wood supply has grown by 2.3 million hectares over 
the last thirty years (1.1.b). The annual increase was 
53,000 ha in the period 1981-1996 and then seems 
higher in the period 2006-2012, with more than 
100,000 hectares per year. These changes are in line 
with the colonization by forests of spaces abandoned 
by agriculture. Abandoned farmland turns into fallow 
land and heathland before becoming wooded. In 
the 20th century, agricultural abandonment was rife 
in the foothills, medium mountains and even plains 
where the ecological conditions did not really favor 
agricultural intensification. 

In forests available for wood supply (i.e. nearly 95% of 
surface areas) (1.1.b), although areas are increasing 
regularly, proportions of different types of stand 
are stable until the mean year 1996 (about 61% for 
broadleaved stands, 27% for conifers and 9% for 
mixed). After this date, the areas continue to grow but 
the proportions of different types of stand change, 
with a relative reduction in conifer areas and a relative 

increase in areas with broadleaved and mixed stands. 
Several factors may have influenced these results: 
more spontaneous colonization, normally broadleaved 
species; impact of 1999 and 2009 storms on the cover 
of stands which has become, naturally or through 
management, more broadleaved than before the 
storms; artefact of the change in inventory method; 
halting of grants from the National Forestry Fund 
limiting conifer plantings, silviculture in favor of the 
mix of species, etc.

The proportion of types of stand differs slightly 
between the ownership categories for the years 2008 
to 2012 (1.1.c): 

 – broadleaved stands account for 65% of private 
forest areas and slightly above 60% for public 
forest areas;

 – there is a higher proportion of conifer stands 
in public forests (27 and 24%) than in private 
forests (20%), which can relate to the high 
proportion of public forests in the mountains, 
where conifers are more widespread;

 – there are more mixed forests in public forests 
(13%) than in private ones (10%); 

n Analysis
French forests have expanded in area since the industrial revolution. Recent changes show that they have expanded by 
more than two million hectares since 1981. The extension and current land characteristics of forests stem from a history 
that covers both the forests in place for centuries and farming activities which have, recently, led to the spontaneous or 
artificial afforestation of areas abandoned by agricultural production. Forest areas managed collectively in significant 
fashion in the North-East of France have existed for a long time: public forests are still dominant in these areas. State-
owned forests, with intensive protection, often form the last forest massifs in highly-agricultural areas (North-West 
France) or areas subject to urban pressure (Ile-de-France, Nord-Pas-de-Calais). Forests resulting from agricultural 
abandonment which have appeared more recently are, conversely, normally private and broad-leaved.
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 – the proportion of indeterminate types of stands 
is generally low, it involves temporary unstocked 
areas or stands with a very low cover rate.

 – the proportion of surface areas relating to 
stands eligible for inventory is always higher 
than 90% (1.1.c) and differs little between 
ownership categories. 

For the years 2008 to 2012, 75% of forests are in private 
ownership and 25% in public ownership (9% of State-
owned forests and 16% of other public forests (1.1.c). 
The proportion of public or private forests varies 
hugely from one region to the next (1.1.d). Private 
forests are the majority in most regions, except in the 
three regions of the North-East that are historically 
very forested, where public forests account for more 
than 50% of the forest area (in Alsace and Franche-
Comté, municipal forests account for nearly half of 
forest areas and 39% in Lorraine; State-owned forests 
account for nearly a quarter of the forest area in Alsace 
and Lorraine but only 6% in Franche-Comté). Regions 
with a proportion of private forests higher than 90% 
are those where wooded areas have been extended 

more or less recently from agricultural spaces, often 
pastures. The proportion of private forests in Aquitaine 
is 92%, in relation to the afforestation at the end of the 
19th century. This proportion is 95% in Limousin, with 
afforestation taking place during the 20th century due 
to extensive agricultural abandonment. Other regions 
with a proportion of private forests over 90% are far 
less wooded. They are located on the Atlantic coast of 
the national territory and a significant proportion are 
formed by the process of agricultural abandonment of 
under-productive land (Brittany, Pays de la Loire and 
Poitou-Charentes) (see Indicator 1.1.2).

 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr>

Ministry of Agriculture, Agrifood and Forests (Maaf ), Statistics and Forecasting Department (SSP) - <http://www.
agreste.agriculture.gouv.fr> 

  Methodology 

Data from the Teruti and Teruti-Lucas (SSP) surveys have been used in Table 1.1.a for the “forest”, “shrubland” and 
“other land with tree cover” categories for certain years (see clarifications under the table). 
For details on the Teruti-Lucas survey: 

 – <http://agreste.agriculture.gouv.fr/enquetes/territoire-prix-des-terres/teruti-lucas-utilisation-du/> 

In Table 1.1.a, from the mean year 2005, the surface areas of the “forest” category are taken from the IGN forest 
inventory. This keeps the source relating to the forest areas homogeneous throughout the document. 
The forest inventory data alone are used for the other tables. The changes in the inventory method in 2005 can 
have a minor effect on determining the types of stand, but it must be very modest, if indeed it exists.
For details on the forest inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN. Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 12 May 2015).

  Bibliography
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n Data sources and methodology
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Warning: There are currently no data which can be used to quantify the forest area flows consistent with the 
surface area data of Indicator 1.1. This sheet outlines the methods that may be used to provide precise information 
on the origin of surface areas that become forest and what happen to the surface areas that leave the forest state 
in subsequent editions and consistent with the surface areas given in Indicator 1.1. Results on the distribution and 
recent changes of surface areas per level of available water capacity of soils are shown in a box as a replacement 
for the indicator. They provide a qualitative insight into the global changes in forest areas.

1.1.1. Forest area flows

Purpose of the indicator
The purpose of this indicator is to provide information on the flows of surface areas becoming forests 
through afforestation or natural expansion or leaving the wooded state.

Method available for the next editions
Since end 2015 (2016 inventory survey), the sample of year n-5 is reviewed systematically using random 
photo-interpretation and/or by field visits. The work aims to assess:

 – the loss of forest areas, through change in land use and/or utilization;
 – the gain in new forest areas, with prior knowledge of their land use five years previously.

These data will be consistent with the changes in the forest area in the five year period in question.
When these indicators are next published, in 2020, three or four surveys will have been reviewed fully five 
years afterwards.

BOX 1: Distribution and evolution of surface areas, per level of available water capacity of soils
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BOX 1: Distribution and evolution of surface areas, per level of available water 
capacity of soils

Purpose of provisional tables
Where land use flows are unknown, analyzing the changes in forest area per level of available water capacity 
of forest soils can be used to understand which types of soil favor forest extension and what is the related 
wood supply potential. The level of available water capacity of soils is estimated for each quadrat of forest 
available for wood supply, except for poplar plantations, from ecological surveys of soils during the field 
inventory. The capacity is expressed in millimeters of water.

Results
Table B.1.1. Variation in forest areas, per level of available water capacity of soils

Table B.1.2. Wood supply in volume, per level of available water capacity of soils

2005-2007 2011-2013
Changes between the 

two periods 
(*: significant changes)

Level of available water capacity Area of forest available for wood supply

mm water 1000 ha

High: >= 150 mm 1,885 ± 71 1,948 ± 76 64
Average: 110 - 149 mm 2,316 ± 80 2,172 ± 83 -144
Low: 70 - 109 mm 3,212 ± 93 3,203 ± 102 -9
Very low: 30 - 69 mm 5,684 ± 119 6,018 ± 130 333 *
Extremely low: < 30 mm 1,899 ± 78 2,281 ± 92 382 *
Not defined n.s. n.s.
 Total 15,197 ± 118 15,811 ± 129 614 *

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2005-2007: forests available for wood supply, excluding poplar plantations, surveys 2005-2007.
Years 2011-2013: forests available for wood supply, excluding poplar plantations, surveys 2011-2013.
n.s. : data insignificant

2003-2011

Level of available water capacity
Average wood supply in 
volume, per level of avail-

able water capacity

mm water m3/ha/year

High: >= 150 mm 6.5 ± 0.2
Average: 110 - 149 mm 6.7 ± 0.2
Low: 70 - 109 mm 6.0 ± 0.2
Very low: 30 - 69 mm 4.9 ± 0.1
Extremely low: < 30 mm 3.6 ± 0.2
Not defined n.s.
Average 5.4 ± 0.1

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2003-2011: forests available for wood supply, excluding poplar plantations, surveys 2008-2012.
n.s. : data insignificant
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 BOX 1 (continued)

Analysis
The forest area has been growing for several decades. The inventory data can be used to investigate 
whether, between two periods, the alterations in surface areas affect all the types of ecological situations 
identically or whether special features can be identified may potentially be linked to territorial dynamic 
processes identified elsewhere. 

Agricultural abandonment is one of these major processes. It occurs most often in spaces showing limited 
agricultural production potential. Areas affected by abandonment do not quickly move onto the forest 
stage, unless there is an active afforestation initiative through planting. The woody perennials covering 
them only move very gradually to the stage of trees forming a forest. Several decades can then elapse 
between triggering the process and seeing an extension in the area of forest available for wood supply. 

Forest areas according to the available water capacity of their soils are compared in Table B.1.1. These 
results show that the significant increases in surfaces recorded between the mean years 2006 (2005 to 2007) 
and 2012 (2011 to 2013) only relate to two classes of available water capacity: soils with very low available 
water capacity (30 to 69 mm) and those with extremely low available water capacity (less than 30 mm). Areas 
with expanding forests in this period will probably not correspond to areas with wood supply potential as 
high as previously forested areas. They can have been gained in regions with average low available water 
capacity, but also selectively on sites with low available water capacity in miscellaneous regions subject to 
agricultural abandonment. The soils with low and very low available water capacity show far less production 
potential compared with all forest soils (Table B.1.2); for the period 2003-2011, the average wood supply is 
5.4 m3/ha/year all points together whereas it is only 4.9 for soils with very low available water capacity and 
3.6 for those with extremely low available water capacity. 

Data sources and methodology 

Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

Methodology 
The ecological data are assembled in identical fashion in the period in question.

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results, 
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).

Bibliography
NFI, 2011. French forests - Results of the surveys 2006 to 2010, NFI, Nogent-sur-Vernisson, 120 p. <http://
inventaire-forestier.ign.fr/spip/spip.php?article709> (consulted on 8 July 2015).

IGN, 2014. Forest inventory data: inventory and evolution. L'IF, 34, 17 p., <http://inventaire-forestier.ign.fr/
spip/IMG/pdf/LP_1.pdf> (consulted on 10 July 2015).

Author: Marie-Françoise Slak (IGN)
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1.1.2. Geographical distribution of forests: 
surface areas and afforestation rate

Purpose of the indicator
This indicator assesses the afforestation rate, i.e. the proportion of the surface area of the territory occupied 
by forests at different territorial scales. Some are defined by their ecological characteristics, like the large 
ecoregions or the silvoecoregions (1.1.2.a and 1.1.2.b) and others by administrative limits, like the regions 
and departments (1.1.2.c and 1.1.2.d).
Keeping or increasing the proportion of the area of territory covered by forests can consolidate the 
sustainability of the forest resource. Nevertheless, in some areas, a very high proportion of afforestation of 
the territory can sometimes be a weakness (exposure to health risks or fires that can propagate more easily 
through the continuity of the wooded land).

1.1.2.a. Surface area and afforestation rate per group of silvoecoregions
1.1.2.a.1. Afforestation rate per group of silvoecoregions
1.1.2.a.2. Proportion of forest available for wood supply in the forest area per group of silvoecoregions

1.1.2.b. Surface area and afforestation rate per large ecoregion (GRECO)
1.1.2.b.1. Afforestation rate per large ecoregion (GRECO)

1.1.2.c. Surface area and afforestation rate per department
1.1.2.c.1. Afforestation rate per department

1.1.2.d. Surface area and afforestation rate per administrative region
1.1.2.d.1. Afforestation rate per administrative region 

BOX 2: Forest areas from the 20th century to today

n Results 

 1.1.2.a.1. Afforestation rate  
per group of silvoecoregions

 1.1.2.a.2. Proportion of forest available for 
wood supply in the forest area per group of 
silvoecoregions
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 1.1.2.a. Surface area and afforestation rate per group of silvoecoregions

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Entire forest, surveys 2008-2012.
Clarification: The full table is available in the downloadable data sheet. Only 
the afforestation rate per silvoecoregion is presented here.

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Entire forest and forest available for wood supply, surveys 2008-2012.
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 1.1.2.b.1. Afforestation rate per large ecoregion 
(GRECO)

 1.1.2.c.1. Afforestation rate per department

Taux de boisement par GRECO
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GRECO contours IGN 2011
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]60 ; 100%]

Department contours BD CARTO 2012 kilometers

IGN �gures 2008-2012

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Entire forest, surveys 2008-2012.

 1.1.2.b. Surface area and afforestation rate per large ecoregion (GRECO)

2008-2012

GRECO name Total surface area 
of the territory

Total surface area 
of the forest 

Area of forest avail-
able for  

wood supply

Afforestation rate 
of the entire forest

Afforestation rate of the  
forest available for wood 

supply

1000 ha %

West - crystalline and oceanic 5,987 ± 36 655 ± 25 647 ± 25 11 11 
Central-North - semi-oceanic 14,999 ± 52 2,942 ± 47 2,886 ± 47 20 19 
East - semi-continental 7,066 ± 54 2,197 ± 45 2,164 ± 45 31 31 
Vosges 943 ± 27 577 ± 24 568 ± 24 61 60 
Jura 966 ± 25 519 ± 23 494 ± 23 54 51 
South-West - oceanic 8,213 ± 44 2,490 ± 44 2,455 ± 44 30 30 
Massif central 7,869 ± 54 2,887 ± 52 2,789 ± 52 37 35 
Alps 2,900 ± 38 1,468 ± 38 1,206 ± 39 51 42 
Pyrénées 1,552 ± 33 808 ± 29 714 ± 29 52 46 
Mediterranean 3,570 ± 47 1,381 ± 46 1,283 ± 46 39 36 
Corsica 878 494 ± 23 401 ± 25 56 46 

France in its entirety 54,944 16,418 ± 94 15,607 ± 99 30 28 

Source: IGN, national forest inventory.
Forest estate and time domain involved: 
Years 2008-2012: entire forest and forest available for wood supply, surveys 2008-2012.
Clarifications: The surface areas of large ecoregions (GRECO) are statistical areas and therefore have a confidence interval.

 1.1.2.c. Surface area and afforestation rate  
per department

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Entire forest, surveys 2008-2012. 
Clarification: The full table is available in the downloadable data sheet. Only 
the afforestation rate per department is presented here.
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 1.1.2.d.1. Afforestation rate per administrative region 
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 1.1.2.d. Surface area and afforestation rate per administrative region

2008-2012

Administrative region Total surface area 
of the territory

Total surface area 
of the forest 

Area of forest available 
for  

wood supply

Afforestation rate 
of the entire forest

Afforestation rate of the  
forest available for wood 

supply

1000 ha %

Île-de-France 1,208 256 ± 10 250 ± 11 21 21 
Champagne-Ardenne 2,575 719 ± 16 689 ± 17 28 27 
Picardy 1,955 324 ± 14 317 ± 14 17 16 
Haute-Normandie 1,238 231 ± 13 229 ± 13 19 18 
Centre 3,953 957 ± 21 949 ± 21 24 24 
Basse-Normandie 1,778 179 ± 8 177 ± 8 10 10 
Burgundy 3,175 1,013 ± 20 1,005 ± 20 32 32 
Nord-Pas-de-Calais 1,249 106 ± 10 104 ± 10 8 8 
Lorraine 2,369 880 ± 17 873 ± 17 37 37 
Alsace 834 317 ± 11 311 ± 11 38 37 
Franche-Comté 1,631 729 ± 16 713 ± 17 45 44 
Pays de la Loire 3,238 351 ± 18 346 ± 18 11 11 
Brittany 2,748 386 ± 16 382 ± 16 14 14 
Poitou-Charentes 2,597 419 ± 19 411 ± 19 16 16 
Aquitaine 4,188 1,836 ± 27 1,817 ± 28 44 43 
Midi-Pyrénées 4,572 1,380 ± 29 1,298 ± 31 30 28 
Limousin 1,706 572 ± 19 564 ± 19 34 33 
Rhône-Alpes 4,475 1,744 ± 31 1,581 ± 34 39 35 
Auvergne 2,618 751 ± 19 716 ± 20 29 27 
Languedoc-Roussillon 2,785 1,251 ± 27 1,158 ± 29 45 42 
Provence-Alpes-Côte d'Azur 3,175 1,524 ± 31 1,315 ± 35 48 41 
Corsica 878 494 ± 23 401 ± 25 56 46 

France in its entirety 54,944 16,418 ± 94 15,607 ± 99 30 28 

Source: IGN, national forest inventory.
Forest estate and time domain involved: 
Years 2008-2012: entire forest and forest available for wood supply, surveys 2008-2012.
Clarifications: The surface areas of administrative regions are actual areas used in the layering of the forest inventory.

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Entire forest, surveys 2008-2012.
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BOX 2: Forest areas from the 20th century to today

*

*

*

*

*

rate < 0,1%/year
rate ≥ 0,1 et < 0,4%/year
rate ≥ 0,4 et < 0,8%/year
rate ≥ 0,8 et < 1,5%/year
rate ≥ 1,5%/year

* negative rate

not part of France in 1908

B.2.1. Changes in departmental forest areas between 1908 and 1981 (left) and between 1989 and 2009 (right)

Source: IGN, 2013

After an initial period of rural exodus, the second half of the 20th century featured agricultural abandonment 
and afforestation measures for farmland that affected more especially regions with initially very little forest 
cover (west) and mountain and Mediterranean areas. 

B.2.2. French forests today 

Source: IGN, 2015, mean reference year 2008 ( see Appendix 4).
Clarifications: Forêt V2 and “végétation express” DB according to the 
departments, all forests with more than 0.5 ha (including wooded spaces not 
considered as forest by the forest inventory due to the use made of them).
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French forests are not distributed homogeneously in 
the territory. They are mainly located in the southern 
half and East of France (see Box 2). The afforestation 
rate therefore varies tremendously from one territory 
to another. It varies: 

 – for the groups of silvoecoregions (1.1.2.a) from 
7% for the Vendée bocage, the Picardy plain 
and Mosan-Thiérache-Hainaut to 73% for the 
Cévennes;

 – for the large ecoregions from 11% for the West 
- crystalline and oceanic to 61% for the Vosges 
(1.1.2.b);

 – for the administrative regions from 8% for the 
Nord-Pas-de-Calais to 56% for Corsica (1.1.2.d);

 – for the departments, from 5% for the Manche to 
67% for the Corse-du-Sud (1.1.2.c).

There are many factors in the spatial variation of 
the afforestation rate: relief, ownership category, 
pervasiveness of the agriculture (also linked to the 
relief and richness of the soils). The current forests are 
located where they were maintained in the maximum 
agricultural expansion phase (mountain areas, public 
forests in the East of France or near towns) and where 
they have expanded due to agricultural abandonment 
(Massif Central and then South) (see Box 2 and 
Indicator 1.1) and afforestation campaigns in the 19th 
century (Sologne, Landes de Gascogne).

Forests are divided between forest available for wood 
supply and forests not available for wood supply. The 
latter only account on average for 5% of metropolitan 
surface areas and exceed this value under certain 
natural (mountain, Mediterranean area) or human 
(peri-urban and military areas) conditions (1.1.2.a.2).

n Analysis
The national forest area is not distributed homogeneously in the territory. It is mainly located in the southern half and 
East of France. Thus, the afforestation rates are very heterogeneous according to the territorial entities considered. 
In addition, forests available for wood supply dominate the national territory but local variations in their relative 
importance can be seen: mountain areas especially have a larger than average proportion of forests not available for 
wood supply.

 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 
The afforestation rate is the proportion of the surface area of the territory occupied by forests. It is calculated 
for the total forest area (forest available for wood supply and forest not available for wood supply). The 
territorial surface areas used are the values used for the national forest inventory: they are actual values 
for department and administrative region areas and values calculated statistically for large ecoregion and 
silvoecoregion areas. 

The afforestation rates in the 2010 edition were calculated from mapped surface areas (cartographic forest 
database version available at the time). The afforestation rates noted were therefore slightly different from 
those calculated in this edition.

For details on the inventory method: 
 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results, 

<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).
 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 

12 May 2015).

  Bibliography
NFI, 2011. A new ecological and forest partitioning of the metropolitan territory: the silvoecoregions (SER). 
L'IF, 26, Nogent-sur-Vernisson, 8 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF_SER_web.pdf> 
(consulted on 10 July 2015).

IGN, 2013. A century of expansion of French forests, from the Daubrée statistic to the IGN forestry inventory. 
L'IF, 31, Saint-Mandé, 8 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf> (consulted on 8 July 
2015).

n Data sources and methodology

Authors: Jean Bir, Ingrid Bonhême and Marie-Françoise Slak (IGN)
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1.1.3. Forest area per forest structure
1.1.3.a. Forest area per forest structure

1.1.3.a.1. Forest area per forest structure
1.1.3.b. Forest area per forest structure and ownership category 

Purpose of the indicator
This indicator assesses the proportion of different forest structures found in forests available for wood 
supply: regular high forest, mix of high forest and coppices, coppices and irregular high forest. It gives 
information on changes in the structure of forests over time (1.1.3.a). It is broken down by type of ownership 
(1.1.3.b).

Sudden changes in structure at national scale are rare and only occur very gradually. Per ownership category, 
the structure of stands gives information on past management methods in the different categories (State-
owned forests, other public forests and private forests). Past and current demand for timber, in quality 
(construction timber, industrial timber and fuelwood) and in quantity influences the type of structure found 
in the forest.

Warning: The forest structure is linked to past management of stands but must not be confused with a 
management method, as a structure qualifier is allocated by the forest inventory uniquely on the basis of 
observations of the stand’s physionomy.

 1.1.3.a.1. Forest area per forest structure

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding 
poplar plantations and including thickets, departmental inventories focused on 
the years listed. 
Year 2007: forest available for wood supply (including poplar plantations and 
excluding thickets), surveys 2006-2009.
Year 2010: forest available for wood supply (including poplar plantations and 
excluding thickets), surveys 2008-2012.

Clarifications: 
The “Closed forest without structure” category groups the stands of closed forest 
without structure and the stands that are temporarily unstocked. Before 2005, 
this category included stands not inventoried in the South-East of France (hence 
the noted increase) to the detriment of defined forest structures. Since 2005, it 
includes stands momentarily with little cover.
Open forest: these stands are by nature without structure (tree cover between 
10 and 40%).
Closed forest: tree cover ≥ 40 %.
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 1.1.3.a. Forest area per forest structure
1981 1986 1991 1996 2006-2009 2008-2012
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Forest  
structure Forest area

1000 ha % 1000 ha % 1000 ha % 1000 ha % 1000 ha % 1000 ha %
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Regular high 
forest

202 1 202 1 207 1 220 2 195 ± 20 1 187 ± 18 1
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st 
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le 
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d s
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 ex

clu
din

g p
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ns

Regular high 
forest

5,753 42 6,021 44 6,423 46 6,768 47 7,556 ± 104 49 7,610 ± 99 49

Irregular  
high forest

729 5 707 5 671 5 639 4 638 ± 40 4 727 ± 39 5

Coppice 2,393 18 2,258 16 2,124 15 2,098 15 1,736 ± 65 11 1,694 ± 62 11

Mixed high for-
est – coppice

4,368 32 4,322 31 4,241 30 4,201 29 4,172 ± 92 27 4,525 ± 89 29

Wooded and 
without identi-
fiable structure

0 0 127 1 269 2 269 2 132 ± 23 1 135 ± 18 1

Temporarily 
unstocked

93 1 137 1 139 1 115 1 42 ± 12 0 39 ± 11 0

Op
en

 fo
re

st

- - - - - - - - 848 ± 56 6 689 ± 46 4

Total forest  
available for wood 
supply

13,538 100 13,774 100 14,074 100 14,310 100 15,319 ± 104 100 15,607 ± 99 100

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding 
poplar plantations and including thickets, departmental inventories focused on 
the years listed. 
Years 2006-2009: forest available for wood supply (including poplar plantations 
and excluding thickets), surveys 2006-2009.
Years 2008-2012: forest available for wood supply (including poplar plantations 
and excluding thickets), surveys 2008-2012.

Clarifications: 
Before 2005, this “(Closed forest) Wooded and without identifiable structure” 
category included stands not inventoried in the South-East of France (hence 
the noted increase) to the detriment of defined forest structures. Since 2005, it 
includes stands momentarily with little cover.
temporarily unstocked areas: these stands are by nature without structure (no 
main species can be identified: clear cutting the most often).
Open forest: these stands are by nature without structure (tree cover between 
10 and 40%).
Closed forest: tree cover ≥ 40 %.

State-owned forest Other public forests Private forest

Regular high forest (including poplar plantations)

Mixed high forest – coppice

Coppice

Irregular high forest

Without identi�ed structure,

open forest or momentarily deforested

 1.1.3.b. Forest area per forest structure and ownership category 

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply (including poplar plantations 
and excluding thickets), surveys 2008-2012.

Clarifications: 
Temporarily unstocked areas: these stands are by nature without structure (no 
main species can be identified: clear cutting the most often).
Open forest: these stands are by nature without structure (tree cover between 
10 and 40%).
Closed forest: tree cover ≥ 40 %.
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Structures change very gradually over time given the 
duration of forest stand renewal cycles. An upward 
trend in the proportion of regular high forest to the 
detriment of that of coppices is nevertheless seen 
fairly clearly in the thirty years covering the values 
of this indicator (1.1.3.a). This advance is surely due 
to converting coppices into high forest and natural 
expansion, which was extensive during the period, 
which produces ungrafted trees.

There is a much higher proportion of regular high 
forest in public forests (1.1.3.b), more especially 
State-owned forests, which can be linked to the older, 
more intense efforts in public forests to “convert” 
coppices-with-standards to high forest Private forests 
nevertheless account for more than double the regular 
high forest areas in absolute value than the public 
forests. The majority of mixed high forest-coppice and 
coppices are found in private forests. There are too few 

“temporarily unstocked” surface areas nationally to 
be able to comment on the results: they nevertheless 
seem in proportion to the respective forest areas per 
ownership category which are greater in private forests 
than in public ones. Similarly, open forests, with a 
cover rate of between 10 and 40%, account for a small 
proportion of surface areas; they are proportionally 
slightly less represented in private forests than in 
public ones.

More detailed results on change dynamics over a more 
extended time lapse are available in a 2013 publication 
specific to forest expansion for a century (IGN, 2013).

n Analysis
There has been a clear upward trend in the last thirty years in the proportion of regular high forests to the detriment 
of coppices. In the 2008-2012 period, the proportion of each forest structure is different depending on the ownership 
categories: the regular high forest is found the most in private forests and mixed high forest-coppice and coppices are 
well represented; the vast majority of State-owned forests are high forest; the other public forests are mainly high forest 
(regular and irregular) but also have significant proportions of mixed coppice-high forest or coppices.

 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 
Methodological changes in the period

The change in method in 2005 altered the content of the “without identifiable structure” category. This category 
was not used in the first departmental inventory cycles; the last cycle in the series, stands that were either 
inaccessible or not inventoried in the South-East of France were classified in this category to the detriment of 
defined forest structures. Since 2005, distinction has been made between open forests (between 10 and 40% 
tree cover) and closed forests (cover more than 40% or momentarily deforested). No structure is allocated to the 
open forests, the stands momentarily deforested nor occasionally to certain stands in closed forests (“without 
identifiable structure” category). This point must be considered when analyzing the changes in these categories.

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).

  Bibliography
IGN, 2013. A century of expansion of French forests, from the Daubrée statistic to the IGN forestry inventory. L'IF, 
31, Saint-Mandé, 8 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf> (consulted on 8 July 2015).

Authors: Ingrid Bonhême and Marie-Françoise Slak (IGN)

n Data sources and methodology
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1.1.4.a. Surface area per main species
1.1.4.a.1. Surface area of stands with main broadleaved species between 1981 and 1996
1.1.4.a.2. Surface area of stands with main conifer species between 1981 and 1996

Purpose of the indicator
This indicator assesses the proportion of each species in the national forest area when they represent the 
main species of the cover at the sampling point (1.1.4.a). A main species is fixed for each sampling point 
located in forest available for wood supply. Where there is cover eligible for inventory , the main species is 
that of trees eligible for inventory where the individual trees together have the highest relative free cover 
rate. Otherwise, the main species is that of the layer not eligible for inventory. The absolute importance of 
the main species in a sampling point can therefore vary hugely: high if there are few species, low if there are 
many.

Changes in the proportion of a species relates to all the dynamics affecting the species, especially:

 –  forestry choices (reacting to economic conditions and miscellaneous hazards);
 –  consequences of hazards like storms and regeneration or plant protection problems;
 –  direct or indirect impacts from climate change;
 –  expansion of forest areas (which encourage pioneering species initially).

Warning: The method for determining the main species was altered radically during the change in method of 
the forestry inventory (2005). This means that previously secondary species now appear as main species. Thus, 
the surface area of all the supporting or frequent broadleaved species in coppices (pubescent oak, hornbeam, 
chestnut, holm oak, etc.) increases with the change in method. The surface areas of large symbolic species (sessile 
and pedunculate oak) decrease, therefore. This is an artefact, not evolution. In the analysis, only the 
surface areas calculated using identical methods will be compared.

1.1.4. Forest area per main species
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1981 1986 1991 1996 2006-2009 2008-2012
Main species*** Surface

1000 ha % 1000 ha % 1000 ha % 1000 ha % 1000 ha % 1000 ha %

Pedunculate oak  2,382  18  2,424  18  2,333  17  2,200  16  1,975 ±  67  13  2,099 ±  63  13

Sessile oak  1,762  13  1,777  13  1,868  14  1,835  13  1,639 ±  56  11  1,597 ±  52  10

Non-differentiated oaks*  -  -  -  148  1  -  - 

Pubescent oak**  846  6  860  6  920  7  981  7  1,370 ±  56  9  1,442 ±  55  9

Beech  1,231  9  1,255  9  1,291  9  1,301  9  1,418 ±  55  9  1,396 ±  51  9

Chestnut**  515  4  488  4  492  4  496  4  739 ±  42  5  732 ±  40  5

Holm oak**  367  3  390  3  432  3  432  3  706 ±  45  5  687 ±  41  4

Ash  271  2  309  2  359  3  398  3  576 ±  39  4  641 ±  38  4

Hornbeam  202  2  197  1  198  1  204  1  561 ±  35  4  600 ±  34  4

Birch trees  199  1  163  1  156  1  164  1  308 ±  28  2  305 ±  26  2

Cultivated poplar  224 ±  22  1  212 ±  19  1

False acacia  136  1  134  1  131  1  131  1  191 ±  23  1  192 ±  22  1

Alder  94  1  85  1  82  1  83  1  139 ±  20  1  162 ±  19  1

Willow  57  -   52  -   61  -   71  1  121 ±  18  1  130 ±  18  1

Maple  27  -   33  -   38  -   57  -   111 ±  17  1  123 ±  16  1

Aspen  60  -   60  -   61  -   63  -   105 ±  16  1  103 ±  15  1

Cork oak**  72  1  79  1  79  1  79  1  89 ±  17  1  97 ±  18  1

Other broadleaved species  264  2  245  2  268  2  290  2  553 ±  42  4  603 ±  40  4

Total broad-leaved**  8,484  64  8,552  63  8,769  64  8,935  64 10,826 ±  115  71  11,121 ±  109  71

Maritime pine**  1,398  10  1,383  10  1,381  10  1,365  10  1,106 ±  48  7  1,048 ±  42  7

Scots pine  1,179  9  1,154  9  1,122  8  1,127  8  896 ±  46  6  914 ±  44  6

Silver fir  544  4  554  4  566  4  572  4  565 ±  35  4  588 ±  33  4

Norway spruce  717  5  744  6  740  5  718  5  590 ±  37  4  573 ±  34  4

Douglas fir  231  2  296  2  332  2  368  3  404 ±  32  3  401 ±  29  3

Aleppo pine  232  2  236  2  241  2  254  2  213 ±  26  1  238 ±  26  2

Black pine  183  1  188  1  179  1  194  1  197 ±  23  1  188 ±  22  1

Corsican pine  92  1  109  1  133  1  153  1  184 ±  22  1  186 ±  21  1

European Larch  95  1  94  1  96  1  109  1  102 ±  15  1  104 ±  15  1

Mountain pine  55  -   56  -   55  -   56  -   56 ±  12  -   60 ±  12  0

Other conifer species  118  1  139  1  153  1  148  1  134 ±  19  1  144 ±  19  1

Total conifers**  4,845  36  4,953  37  4,999  36  5,063  36  4,448 ±  93  29  4,445 ±  87  28

Sub-total  13,329  100  13,505  100  13,768  100  13,998  100 15,274 ±  104  100 15,566 ± 99  100

Indeterminate or tempo-
rarily unstocked areas

 8  66  99  93  45 ±  13  41 ±  11  0

Total** 13,337 13,571 13,867 14,091 15,319 ± 104 100 15,607 ±  99  100

 1.1.4.a. Surface area per main species
n Results 

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding 
poplar plantations and including thickets, departmental inventories focused on 
the years listed. 
Years 2006-2009: forest available for wood supply (including poplar plantations 
and excluding thickets), surveys 2006-2009.
Years 2008-2012: forest available for wood supply (including poplar plantations 
and excluding thickets), surveys 2008-2012.

Clarifications:
* Pedunculate, sessile and pubescent oak not differentiated in 1996 when there 
was a doubt over determining species.
** including estimated surface areas in types of formation of the Midi-
Mediterranean region not inventoried in 1986, 1991 and 1996.
*** The list of varieties grouped in species is available in Appendix 2.
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 1.1.4.a.1. Surface area of stands with main broadleaved species between 1981 and 1996
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 1.1.4.a.2. Surface area of stands with main conifer species between 1981 and 1996

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding 
poplar plantations and including thickets, departmental inventories focused on 
the years listed. 

Clarifications:
* Pedunculate, sessile and pubescent oak not differentiated in 1996 when there 
was a doubt over determining species. The 158,000 ha in question are not 
represented in the graphic.
** Including estimated surface areas in types of formation of the Midi-
Mediterranean region not inventoried in 1986, 1991 and 1996.
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Stands with main broadleaved species

The forest areas with main broadleaved species 
increased significantly in both the last two decades of 
the 20th century and in the most recent period. The 
areas jumped from 8.5 to 8.9 million hectares between 
the mean years 1981 and 1996 (1.1.4.a). Between the 
mean years 2007 and 2010, the broadleaved surface 
area increased from 10.8 million to 11.1 million 
hectares (slightly significant difference despite two 
common inventory years). 

Between 1981 and 1996, there is a drop in areas 
of pedunculate oak, stagnation for sessile oak and 
chestnut, a slight rise for beech and holm oak and a 
regular rise in in areas with pubescent oak and ask 
(1.1.4.a.1). In 2010, the species which account for 
over 500,000 ha are in decreasing order of important 
pedunculate, sessile and pubescent oak, beech, 
chestnut, holm oak, ask and hornbeam.

The extension of oak species characteristic of southern 
regions between 1981 and 1996 (holm and pubescent 
oak) could relate with two favorable phenomena: 
agricultural abandonment which often releases 
restrictive surface soils which suit them well, precisely 
in the South of France, and global warming which also 
encourages their extension (see Indicators 1.1.1, 1.1.2 
and IGN, 2013). The extension of surface areas with 
a broadleaved as main species is also seen for stands 
dominated by main species capable of matching 
colonization and/or planting dynamics: this is true 
of ash, willow, large maple and species classified in 
the Flore forestière française (French forest flora) as 
pioneers (willow) or post-pioneers (ash, large maple). 
This involves species with very easy dissemination, 
rapid growth but less longevity than species qualified 
as forest trees: this longevity is short for pioneers or 
average for the post-pioneers (Rameau et al., 1989). 

Stands with main conifer species

Forest areas with main conifer species tended to 
extend in the last two decades of the 20th century 
(from 4.8 to 5.1 million hectares between 1981 and 
996) and seem to stagnate at 4.4 million hectares 
between the mean years 2007 and 2010 (1.1.4.a). The 
1996 and 2010 surface areas cannot be compared 
given the change in method in determining the 
main species: certain points previously classified as 
main conifer species may henceforth be classified 
as main broadleaved species (see data sources and 
methodology).

Between 1981 and 1996 (1.1.4.a.2), the maritime 
pine drops slightly, the Scots pine drops slightly more 
strongly, the spruce, Austrian pine and mountain pin 
stagnate whilst the pine, Aleppo pine and European 
Larch increase and the Douglas fir and Corsican pine 
rise sharply, both species of economic interest and 
probably in conjunction with the sustained plantings 
by the National Forestry Fund. No species showed 
significant changes in surface area between the 
mean years 2007 and 2010. In 2010, conifer species 
accounting for more than 500,000 ha are the maritime 
pine, Scots pine, silver fir and Norway spruce (1.1.4.a). 

n Analysis
Between 1981 and 1996 firstly and between the periods 2006-2009 and 2008-2012 secondly, there is an increase in 
surface areas of stands with main broadleaved species. Between 1981 and 1996, the surface areas of conifer stands also 
increased whereas they have remained stable in the recent period. The main species stands most widespread in France in 
the mean year 2010 are pedunculate, sessile and pubescent oak, beech and then maritime pine and Scots pine. A marked 
rise in pubescent oak and a significant drop in stands of pedunculate oak are noted for the broadleaved species between 
1981 and 1996. Nevertheless, the pedunculate oak is still by far the leading French species. Upward changes in surface 
areas of stands of Douglas fir and Corsican pine should also be noted in conifers for the same period.
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 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 
For the mean year 1996, when there was a doubt in determining species, oaks were grouped into a “non-
differentiated oak” category. This has little impact as the trends do not differ hugely for this indicator between the 
three major species.

The inventory method applied since 2005 introduced deep-seated changes into the method of determining the 
main species of the mixed high forest-coppice cover: before 2005, coppice species were used to give information 
on the main coppice species and the high forest species was noted separately. Since the 2005 survey, the main 
species is characterized for the entire stand (by the cover). This modification has a huge impact and totally 
prevents any comparison between the two pre- and post-2005 periods.

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).

  Bibliography
IGN, 2013. A century of expansion of French forests, from the Daubrée statistic to the IGN forestry inventory. L'IF, 
31, Saint-Mandé, 8 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf> (consulted on 8 July 2015).

Luart (du) R., 2001. Opinion no. 190 (2000-2001), produced in the name of the Finance Commission, submitted on 
16 January 2001 under the draft forest guideline law, historical part of the FFN. <http://www.senat.fr/rap/a00-190/
a00-1901.pdf> (consulted on 8 July 2015).

Rameau J.-C., Mansion D., Dumé G., 1989. French Forest Flora, illustrated ecological guide V1 Plains and hills, IDF, 
Paris, 1785 p.

Authors: Ingrid Bonhême and Marie-Françoise Slak (IGN)

n Data sources and methodology
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1.2. Growing stock
1.2.a. Growing stock in forests available for wood supply, per ownership category
1.2.b. Growing stock per hectare in forests available for wood supply, per ownership category
1.2.c. Growing stock in forests available for wood supply, per type of stand

1.2.c.1. Growing stock in forests available for wood supply, per type of stand 
1.2.d. Growing stock per hectare in forests available for wood supply, per type of stand

1.2.d.1. Growing stock per hectare in forests available for wood supply, per type of stand

Purpose of the indicator
This indicator quantifies the growing stock in forests available for wood supply. The volume and volume per 
hectare are broken down per ownership category (1.2.a and 1.2.b) and per type of stand (1.2.c and 1.2.d). 
The increase in growing stock can be caused by several phenomena: expansion of wooded areas, normal 
capitalization in immature stands, conversion of coppices or coppices-with-standards to high forest 
and failure to renew mature stands. It must be remembered that the increase in growing stock should be 
interpreted based on the initial state of stands: it is normal for stands which are immature or being converted 
but becomes a sign of under-exploitation when the forests are mature. Failure to renew mature forests can 
stem from a conservation decision but also from inoperability.

n Results 
 1.2.a. Growing stock in forests available for wood supply, per ownership category

 1.2.b. Growing stock per hectare in forests available for wood supply, per ownership category

2006-2009* 2008-2012*
Ownership category Volume

106 m3 % 106 m3 %

State-owned forests 264 ± 15 11 260 ± 13 10

Other public forests 425 ± 16 18 441 ± 15 18

Private forests 1,731 ± 35 72 1,817 ± 33 72

Total 2,420 ± 41 100 2,518 ± 38 100

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2006-2009: forest available for wood supply, surveys 2006-
2009.
Years 2008-2012: forest available for wood supply, surveys 2008-
2012.
Clarifications: * The volume of windfall trees following Storm 
Klaus is not included in the results provided.

2006-2009* 2008-2012*
Ownership category Volume per hectare

m3/ha m3/ha

State-owned forests 182 ± 9 183 ± 9

Other public forests 180 ± 7 185 ± 6

Private forests 150 ± 3 154 ± 3

Total 158 ± 2 161 ± 2

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2006-2009: forest available for wood supply, surveys 2006-2009.
Years 2008-2012: forest available for wood supply, surveys 2008-2012.
Clarifications: * The volume of windfall trees following Storm Klaus is not 
included in the results provided.
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 1.2.c. Growing stock in forests available for wood supply, per type of stand

1981 1986 1991 1996 2006-2009* 2008-2012*
Type of stand Volume

106 m3 % 106 m3 % 106 m3 % 106 m3 % 106 m3 % 106 m3 %

Broadleaved stands  1,004  58  1,070  58  1,148  58  1,219  57  1,471 ±  31  61  1,534 ±  29  61 

Conifer stands  559    32    612    33    649    33    697    33    658   ±   30    27    668   ±   29    27   

Mixed stands  160    9    171    9    194    10    211    10    291   ±   19    12    312   ±   18    12   

Undetermined 0 0 0 0 0 0 0 0 0 ±  0 0  3   ±   1   0

Total  1,723    100    1,854    100    1,991    100    2,127    100    2,420   ±   41    100    2,518   ±   38    100   

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar plantations and including thickets, departmental inventories focused on the years 
listed. 
Years 2006-2009: forest available for wood supply (including poplar plantations and excluding thickets), surveys 2006-2009.
Years 2008-2012: forest available for wood supply (including poplar plantations and excluding thickets), surveys 2008-2012.
Clarifications: 
* The volume of windfall trees following Storm Klaus is not included in the results provided.
Before 2005 (former inventory method): the type of stand is always defined.
After 2005 (new inventory method): 

- the type of stand is calculated from the layer eligible for inventory when there is one and in the layer not eligible for inventory failing that;
- the type of stand is “indeterminate” when the cover rate is no more than 15%; for the period 2006-2009, the stands with indeterminate composition were broken 

down into broadleaved or conifer stands based on the main species in the stand; for the period 2008-2012, the indeterminate surface areas are displayed.

 1.2.c.1. Growing stock in forests available for wood supply, per type of stand 
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981 and 1996: forest available for wood supply excluding poplar plantations and including thickets, departmental inventories focused on the years listed. 
Year 2010: forest available for wood supply (including poplar plantations and excluding thickets), surveys 2008-2012.
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 1.2.d.1. Growing stock per hectare in forests available for wood supply, per type of stand
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981 and 1996: forest available for wood supply excluding poplar plantations and including thickets, departmental inventories focused on the years listed. 
Year 2010: forest available for wood supply (including poplar plantations and excluding thickets), surveys 2008-2012.

 1.2.d. Growing stock per hectare in forests available for wood supply, per type of stand

1981 1986 1991 1996 2006-2009* 2008-2012*
Type of stand Volume per hectare

m3/ha

Broadleaved stands  119  126  133  139  145 ±  n.a.  151 ±  2 

Conifer stands  150  163  172  184  189 ±  n.a.  202 ±  7 

Mixed stands  137  145  158  164  177 ±  n.a.  183 ±  9 

Indeterminate 0 0 0 0 0 ± 0  7 ±  3 

Total  129 138 146 154  158 ±  2  161 ±  2 

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar plantations and including thickets, departmental inventories focused on the years 
listed. 
Years 2006-2009: forest available for wood supply (including poplar plantations and excluding thickets), surveys 2006-2009.
Years 2008-2012: forest available for wood supply (including poplar plantations and excluding thickets), surveys 2008-2012.
Clarifications: 
* The volume of windfall trees following Storm Klaus is not included in the results provided.
Before 2005 (former inventory method): the type of stand is always defined.
After 2005 (new inventory method): 

- the type of stand is calculated from the layer eligible for inventory when there is one and in the layer not eligible for inventory failing that;
- the type of stand is “indeterminate” when the cover rate is no more than 15%; for the period 2006-2009, the stands with indeterminate composition were broken 

down into broadleaved or conifer stands based on the main species in the stand; for the period 2008-2012, the indeterminate surface areas are displayed.
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Analysis per ownership category (recent period 
only)

Between the periods 2006-2009 and 2008-2012, 
capitalization of growing stocks was noted especially 
in private forests as the increase in total volume is 
considerable in this short period (1.2.a). A stable 
volume means a balance between the wood supply 
and its harvesting and/or mortality, which occurs in 
State-owned and other public forests. 

The average volumes per hectare are stable between 
the periods 2006-2009 and 2008-2012, regardless of 
the ownership category. However, they remain notably 
higher in public forests (State-owned and municipal) 
than in private ones (1.2.b). As the private forest areas 
continue to increase unlike the public forests (see 
Indicator 1.1), they contain by nature more immature 
stands, with lesser volumes per hectare compared with 
plots that have been wooded for a long time. The value 
of the volume per hectare obtained for private forests 
is thus probably less than it would have been if an 
inventory was only taken of stands that were already 
forest in the previous period. The highest proportion 
of coppices in private forests (see Indicator 1.1.3) also 
partly explains this difference.

Analysis per type of stand

The broadleaved or mixed stands continue their 
capitalization dynamics (1.2.c): volumes with 
broadleaved stands have increased by about 50% in 
thirty years and practically 100% for the mixed stands. 
At the same time, volumes with conifer stands have 
only risen by 20%, increasing from 1981 to 1996 before 
stabilizing between 1996 and 2010, a period affected 
by storms and when stands planted during the 1950s 
and 1960s were harvested. Thus, the proportion of 
volumes with conifer stands is dropping over the 
thirty-year period in question: they drop from 32% 
to 27% of the total volume whereas the broadleaved 
stands increase from 58% to 61% and the mixed from 
9 to 12%.

The considerable increase in volumes with broadleaved 
or mixed stands is linked to the rise in their volume per 
hectare (1.2.d) and, to a lesser extent, to the increase 
in surface areas. The increase in the volume per hectare 
means by definition that the felling per hectare 
(despite felling by storms) is less than the biological 
production. There are certainly many reasons for 
this: increased productivity, with the timber industry 
demanding more conifer products than broad-leaved, 
timber prices not encouraging cutting and causing an 
accumulation of growing stock, etc. 

The apparent difference in dynamics for the conifers 
between a stability of total volumes for the last fifteen 
years (1.2.c) and an increase in volumes per hectare 
(1.2.d) is linked to the surface area dynamics: the 
surface areas of conifer stands have been declining 
the the last fifteen years (see Indicator 1.1). These 
areas can become partly mixed or even with a 
main broadleaved species (possibly linked to the 
spontaneous colonization which is normally broad-
leaved, the impact of the 1999 and 2009 storms, the 
change in inventory method and the limited plantings 
during the period). At the same time, the surface areas 
that have remained with a main conifer species have 
seen their volume per hectare increase, linked to the 
growth of conifer stands from planting, especially for 
the Douglas fir, common spruce, Corsican pine and, 
to a lesser extent, the silver fir, European Larch and 
Aleppo pine (see Table 1.2.3.a).

n Analysis
The growing stock has risen from 1.7 to 2.5 billion cubic meters in thirty years in France and continues to increase 
regularly despite the 180 million cubic meters flattened by the 1999 and 2009 storms (NFI, 2011). The rise relates to the 
increase in forest areas and the volume per hectare which reach 161 cubic meters per hectare in 2010 on average from 
129 cubic meters per hectare in 1981. The volume of wood increases more in broadleaved and mixed stands than in 
conifer stands. Lastly, the increase seems above all to affect private forests in the recent period.
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 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 

The volumes presented here are “overbark stem” volumes for trees eligible for inventory (i.e. trees with a diameter 
at breast height above 7.5 cm ). The “overbark stem” volume is the volume of the main stem of the tree from 
ground level up to a 7 cm top diameter. The volumes per tree are comparable in both the old and new inventory 
methods.

The volume per type of stand can have been affected by the change in method in 2005. Both the old and new 
methods determine the type for the entire stand (unlike the main species), see detail in Indicator 1.1.4). The results 
can however differ between the two methods: previously, the type of stand was determined directly in the field 
whereas now the cover of each species is assessed in the field and the type of stand is calculated according to the 
cover per species. The potential impact is not felt to be great.

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).
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http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF_prel-prod_web2.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF30.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf
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1.2.1.a. Growing stock, per forest structure
1.2.1.a.1. Growing stock per forest structure in closed forests

1.2.1.b. Growing stock, total and per hectare, per species group and per forest structure
1.2.1.c. Growing stock per hectare, per forest structure

1.2.1.c.1. Growing stock per hectare, per forest structure in closed forests

Purpose of the indicator
This indicator provides information on the total (1.2.1.a) and per hectare (1.2.1.c) stem growing stock per 
forest structure noted in the field. The distinction between total volume and volume of broadleaved stock and 
conifer stock is also given in this edition (1.2.1.b).

Changes in volume per forest structure is complex information to analyze: it must be aligned with the 
changes in volumes per hectare and surface areas per forest structure. A not insignificant proportion of 
changes noted can be linked to variations in surface area when these are large. However, felling or mortality 
differentials between structures, noted by the volumes per hectare, are also important factors in explaining 
changes in their volumes. In addition, as the broadleaved and conifer stock is not subject to the same 
harvesting pressures (see Criterion 3), the distinction in each structure between the broadleaved and conifer 
stock resource is interesting to monitor over time.

Warning: The forest structure is linked to past management of stands but must not be confused with a 
management method, as a structure qualifier is allocated by the forestry inventory uniquely on the basis of 
observations of the stand’s physionomy.

 1.2.1.a.1. Growing stock per forest structure in closed forests
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Forest estates and time domains involved:
Years 1981 and 1996: forest available for wood supply excluding 
poplar plantations and including thickets, departmental 
inventories focused on the years listed. 
Year 2010: forest available for wood supply (including poplar 
plantations and excluding thickets), surveys 2008-2012.
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 1.2.1.a. Growing stock, per forest structure

1981 1986 1991 1996 2006-2009* 2008-2012*

Forest struc-
ture Growing stock

106 m3 % 106 m3 % 106 m3 % 106 m3 % 106 m3 % 106 m3 %

Regular high 
forest

n.a. n.a. 23 1 21 1 18 1 26 ± 6 1 30 ± 6 1

Regular high 
forest

932 54 1,046 56 1,164 58 1,285 60 1,540 ± 37 64 1,563 ± 35 62

Irregular  
high forest

109 6 109 6 112 6 107 5 109 ± 11 4 124 ± 11 5

Coppice 138 8 137 7 138 7 140 7 115 ± 9 5 111 ± 8 4

Mixed high for-
est - coppice

543 32 561 30 577 29 595 28 606 ± 20 25 670 ± 20 27

Without identi-
fiable structure

0 0 0 0 0 0 0 0 7 ± 3 0 6 ± 2 0

Momentarily 
deforested

0 0 0 0 0 0 0 0 0 ± 0 0 0 ± 0 0

Open forest n.a. n.a. n.a. n.a. 16 ± 3 1 13 ± 3 1

Total forest  
available for wood 
supply

1,723 100 1,876 100 2,011 100 2,145 100 2,420 ± 40 100 2,518 ± 38 100

Source: IGN, national forest inventory.
Forest estates and time domains involved: 
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Years 2006-2009: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009.
Years 2008-2012: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: 
* The volume of windfall trees following Klaus storm is not included in the results provided.
n.a. : data not available

Before 2005:
A structure was allocated to open forests and their volume is included in the structure in question (in closed forest).
The volumes only relate to the forests inventoried in the field (therefore excluding estimated surface areas not visited in the field).

Since 2005:
Distinction is made between open forests (between 10 and 40% tree cover) and closed forests (≥ 40% tree cover). 
Open forests are by nature without structure, just like the momentarily deforested stands (no main species can be identified: clear cutting the most often) and a few 
other closed forest stands have no identifiable structure.
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 1.2.1.b. Growing stock, total and per hectare, per species group and per forest structure

2008-2012

Species 
group* Forest estate Cover Forest structure Volume Volume per hectare

106 m3 % of total 
volume

% of 
volume 

of species 
group*

m3/ha
% of the 
structure 
volume**

Br
oa

d-
lea

ve
d

Poplar stands

Closed forest

Regular high forest 29 ± 6 1 2 157 ± 28 99

Forest avail-
able for wood 
supply  
excluding 
poplar stands

Regular high forest 841 ± 26 33 52 111 ± 3 54

Irregular high forest 39 ± 6 2 2 54 ± 7 31

Coppice 109 ± 8 4 7 64 ± 4 98

Mixed high forest - coppice 597 ± 19 24 37 132 ± 3 89

Without identifiable structure 4 ± 2 0 0 24 ± 13 73

Momentarily deforested n.s. 0 0 n.s. -

Open forest 6 ± 2 0 0 9 ± 3 51

Total broadleaved volume in forest available for wood 
supply 1,626 ± 30 65 100 104 ± 2 65

Co
nif

er
s

Poplar stands

Closed forest

Regular high forest n.s. 0 0 n.s. 1

Forest avail-
able for wood 
supply  
excluding 
poplar stands

Regular high forest 722 ± 27 29 81 95 ± 3 46
Irregular high forest 86 ± 10 3 10 118 ± 12 69
Coppice 3 ± 1 0 0 2 ± 0 2
Mixed high forest - coppice 73 ± 8 3 8 16 ± 2 11
Without identifiable structure 2 ± 1 0 0 9 ± 6 27
Momentarily deforested 0 0 0 0 -

Open forest 6 ± 2 0 1 9 ± 3 49
Total conifer volume in forest available for wood supply 891 ± 29 35 100 57 ± 2 35

Total forest available for wood supply 2,518 ± 38 100 - 161 ± 2 -

Source: IGN, national forest inventory.
Forest estates and time domains involved: 
Years 2008-2012: forest available for wood supply, surveys 2008-2012.
Clarifications: 
The volume of windfall trees following Klaus storm is not included in the results provided.
Distinction is made between open forests (between 10 and 40 % tree cover) and closed forests (≥ 40 % tree cover). 
Open forests are by nature without structure, just like the momentarily deforested stands (no main species can be identified: clear cutting the most often) and lastly a 
few other closed forest stands have no identifiable structure.
* The broad-leaved/conifer species volume is broken down here at tree level, not stand level. The values indicated should therefore be interpreted as the proportion 
of the volume per hectare which is broadleaved or conifer in the structure in question; the volume per hectare of the structure in question is therefore the sum of the 
broadleaved proportion and the conifer proportion.

** Percentage in the overall structure, percentage in the forest estate for poplar stands, percentage in the cover for open forests.
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 1.2.1.c. Growing stock per hectare, per forest structure

1981 1986 1991 1996 2006-2009* 2008-2012*
Forest estate Cover Forest structure Volume per hectare

m3/ha

Poplar stands

Closed forest

Regular high forest n.a. 149 137 121 133 ± 29 158 ± 28

Forest avail-
able for wood 
supply  
excluding 
poplar stands

Regular high forest 162 174 181 190 204 ± 4 205 ± 4

Irregular high forest 149 154 167 168 169 ± 14 172 ± 12

Coppice 58 61 65 67 66 ± 5 66 ± 4

Mixed high forest - coppice 125 131 137 143 145 ± 4 148 ± 3

Without identifiable structure 0 0 0 0 40 ± 17 33 ± 14

Momentarily deforested 0 0 0 0 0 ± 1 0 ± 1

Open forest n.a. n.a. n.a. n.a. 19 ± 4 18 ± 4

Total forest  
available for wood supply 129 138 146 154 158 ± 2 161 ± 2

Source: IGN, national forest inventory.
Forest estates and time domains involved: 
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Years 2006-2009: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009.
Years 2008-2012: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: 
* The volume of windfall trees following Klaus storm is not included in the results provided.
n.a. : data not available

Before 2005:
A structure was allocated to open forests and their volume is included in the structure in question (in closed forest).
The volumes only relate to the forests inventoried in the field (therefore excluding estimated surface areas not visited in the field).

Since 2005:
Distinction is made between open forests (between 10 and 40% tree cover) and closed forests (≥ 40% tree cover). 
Open forests are by nature without structure, just like the momentarily deforested stands (no main species can be identified: clear cutting the most often) and a few 
other closed forest stands have no identifiable structure.
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 1.2.1.c.1. Growing stock per hectare, per forest structure in closed forests

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Year 2010: forest available for wood supply (including poplar plantations and excluding thickets), surveys 2008-2012.
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In mean year 2010, a large majority (62%) of the 
growing stock is in regular high forest, with a 
proportion that continues to rise over time. Then 
comes the mixed high forest-coppice: it accounts for 
27% of growing stock volumes, essentially broadleaved 
species, and is only experiencing a very gradual 
downturn of its proportion in the metropolitan total. 
There is little space left for the other structures like 
coppice with its regularly-decreasing proportion and 
the irregular high forest which seems fairly stable. The 
volume in the high forests has increased so much that 
the proportion of volumes in the other structures is 
tending to drop (1.2.1.a).

The total growing stock has risen by 46% in thirty 
years, from 1.7 to 2.5 billion cubic meters. The growth 
stems above all from regular high forest (+ 630 million 
m3) and the mixed high forest-coppice (+130 million 
m3) and, to a lesser extent, the irregular high forest 
(+ 15 million m3), whilst the coppices have volumes 
which are dropping (- 27 million m3) (1.2.1.a.1). The 

volumes per hectare vary significantly between forest 
structures (1.2.1.c), but have all increased in the 
last thirty years (1.2.1.c.1). This goes a long way to 
explaining the global changes in volume, with a lesser 
explanation from changes in surface: increase for the 
regular high forest, downturn for the coppices and 
stability for the other forest structures (see Indicator 
1.1.3). However, in the recent period (1996-2010), only 
the regular high forest has seen a significant increase 
in its volume per hectare. The 1999 and 2009 storms 
and the droughts in 2003 and following years may well 
have had an impact on the volume per hectare during 
this period. 

The regular high forest volumes, which have increased 
the most in the last thirty years, are 54% broadleaved 
and 46% conifer for the 2008-2012 period. In addition, 
the broadleaved volumes are 52% in regular high 
forest and 37% in mixed high forest-coppice, whilst the 
conifer volumes are 82% in regular high forest and 10% 
in irregular high forest (1.2.1.b).

n Analysis
A distinction is made in the increase in growing stock - a feature of the last thirty years (+ 46%) - according to the forest 
structures: the regular high forest has seen its volume take off; the irregular high forest and mixed high forest and 
coppice have expanded more modestly and coppices are dropping. These changes are very largely linked to changes in 
volumes per hectare which are rising in all forest structures.

 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 

The forest structure is assessed in the field. As it is a qualitative and integrating data item, it is slightly more 
subjective than the limited quantitative data (circumference, for example). It is important not to confuse the noted 
forest structure and the management methods when interpreting results. The observations do not prejudge how 
the forester will manage the forest in the years to come, but the physionomy of stands.

The method of calculating results reported per hectare (volume per hectare here) between the departmental and 
national inventory methods has changed, but the impact on the results is assumed to be slight.

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).

  Bibliography
NFI, 2011. Growing stock in French forests: 650 million additional cubic meters in a quarter of a century. L'IF, 27, 
NFI, Nogent-sur-Vernisson, 12 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/web_IF_evol-vol.pdf> (consulted 
on 9 July 2015).

Bontemps J.-D., Hervé J.-C., Dhôte J.-F., 2009. Long-Term Changes in Forest Productivity: A Consistent Assessment 
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Authors: Ingrid Bonhême and Marie-Françoise Slak (IGN)

n Data sources and methodology

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166
http://inventaire-forestier.ign.fr/spip/IMG/pdf/web_IF_evol-vol.pdf
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1.2.2. Growing stock per species

Purpose of the indicator
This indicator quantifies the volumes of stem growing stock of the most significant forest species (1.2.2.1), 
whether or not they are the main species in the stand, along with their geographical distribution (1.2.2.b). 

It is very directly representative of the resource of different species, separately from the spatial distribution 
(aggregated or disseminated) of trees of the species in question. Changes in this indicator mirror changes 
in the stock. Explanatory factors can be put forwards, but some changes are more difficult to explain, as 
spatial extension, stand demographics and flows between wood supply and felling-mortality dynamics are 
superimposed.

1.2.2.a. Growing stock per species
1.2.2.a.1. Growing stock volumes of main broadleaved species
1.2.2.a.2. Growing stock volumes of the most frequent pioneering broadleaved species
1.2.2.a.3. Growing stock volumes of main conifer species 
1.2.2.a.4. Growing stock volumes of secondary conifer species

1.2.2.b. Growing stock volume, broadleaved and conifer, per large ecoregion (GRECO)
1.2.2.b.1. Proportion of the broadleaved volume in the volume of the large ecoregion
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1981 1986 1991 1996 2006-2009* 2008-2012*
Tree species** Volume

106 m3 % 106 m3 % 106 m3 % 106 m3 % 106 m3 % 106 m3 %

Pedunculate oak 230 13 249 13 249 12 257 12 289 ± 11 12 299 ± 10 12

Sessile oak 204 12 219 12 251 13 267 12 277 ± 12 12 281 ± 11 11

Beech 214 12 223 12 235 12 242 11 262 ± 13 11 265 ± 12 11

Chestnut 86 5 90 5 98 5 101 5 122 ± 9 5 126 ± 8 5

Hornbeam 62 4 68 4 76 4 82 4 93 ± 5 4 105 ± 5 4

Pubescent oak 41 2 46 2 54 3 68 3 97 ± 6 4 104 ± 6 4

Ash 41 2 46 2 52 3 58 3 89 ± 6 4 99 ± 6 4

Birch 39 2 39 2 40 2 39 2 40 ± 3 2 43 ± 3 2

Cultivated poplar 31 ± 6 1 32 ± 5 1

Large alder 17 1 17 1 17 1 19 1 25 ± 4 1 31 ± 4 1

Holm oak 11 1 13 1 14 1 16 1 26 ± 3 1 29 ± 3 1

False acacia 17 1 18 1 18 1 20 1 26 ± 4 1 27 ± 4 1

Aspen 21 1 22 1 22 1 22 1 26 ± 3 1 27 ± 3 1

Large maples 10 1 11 1 13 1 16 1 24 ± 3 1 25 ± 2 1

Small maples 11 1 11 1 13 1 15 1 21 ± 2 1 22 ± 2 1

Cherry 11 1 12 1 14 1 16 1 20 ± 2 1 19 ± 2 1

Linden 10 1 11 1 12 1 13 1 15 ± 2 1 15 ± 2 1

Other broadleaved species 39 2 39 2 42 2 45 2 68 ± 4 3 75 ± 4 3

Total broad-leaved 1062 62 1133 61 1221 61 1297 61 1550 ± 32 64 1626 ± 30 65

Silver fir 145 8 148 8 157 8 165 8 181 ± 15 8 190 ± 15 8

Common spruce 124 7 138 7 152 8 164 8 185 ± 16 8 188 ± 14 7

Scots pine 136 8 138 7 140 7 143 7 143 ± 9 6 143 ± 8 6

Maritime pin 165 10 186 10 189 9 200 9 139 ± 11 6 132 ± 10 5

Douglas fir 15 1 28 2 41 2 54 3 94 ± 12 4 107 ± 13 4

Corsican pine 12 1 15 1 19 1 22 1 33 ± 7 1 33 ± 6 1

Austrian pine 22 1 23 1 24 1 26 1 25 ± 5 1 26 ± 5 1

European Larch 16 1 15 1 15 1 20 1 21 ± 5 1 21 ± 4 1

Aleppo pine 10 1 11 1 11 1 14 1 16 ± 3 1 17 ± 3 1

Other conifer species 14 1 21 1 27 1 30 1 34 ± 6 1 36 ± 6 1

Total conifers 660 38 723 39 776 39 836 39 870 ± 30 36 891 ± 29 35

Total 1723 100 1857 100 1996 100 2133 100 2420 ± 41 100 2518 ± 38 100

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Years 2006-2009: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009.
Years 2008-2012: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: * The volume of windfall trees following Klaus storm is not included in the results provided.

** The list of varieties grouped in forest species is available in Appendix 2.

 1.2.2.a. Growing stock per species

n Results 



Forest resources - timber and carbon Criterion 1

68

 1.2.2.a.1. Growing stock volumes of main broadleaved species

 1.2.2.a.2. Growing stock volumes of the most frequent pioneering broadleaved species
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Year 2007: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009.
Year 2010: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Year 2007: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009.
Year 2010: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
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 1.2.2.a.3. Growing stock volumes of main conifer species 

 1.2.2.a.4. Growing stock volumes of secondary conifer species
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Year 2007: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009.
Year 2010: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Year 2007: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009.
Year 2010: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
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 1.2.2.b. Growing stock volume, broadleaved and conifer, per large ecoregion (GRECO)

≤ 45%

46-60%
 ≥ 60%

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: The Klaus windfall trees have been removed from all 2006 to 2009 surveys.

Broadleaved species 

The broadleaved species constitute almost two thirds 
of total volumes (1.2.2.a). Four large species account 
for 60% of these, with the total growing stock close 
to a billion cubic meters in 2010: pedunculate oak, 
sessile oak, beech (each between 250 and 300 million 
m3) and chestnut (around 130 million m3) (1.2.2.a.1). 
These volumes have been increasing at a rate of 
about 30% volume in thirty years. Lesser species in 

terms of surface area and volume have even more 
pronounced dynamics. Hornbeam, pubescent oak 
and ash which together account for 12% of total 
volumes are seeing their volume increase by 45%, 
155% and 140% respectively (1.2.2.a.2). These strong 
dynamics characterize other broadleaved species, 
especially holm oaks and pioneering species, which 
are increasing in surface area when they are the main 
species (see Indicator 1.1.4). 

n Analysis
In mean year 2010, the 2.5 billion cubic meters of wood in the forest available for wood supply are mainly broadleaved 
(1.6 billion cubic meters). The predominance of broadleaved volumes seems to be accentuated between 1981 and the 
2008-2012 period. Under a general increase in total growing stock volumes since 1981 (1.7 billion cubic meters in 1981 
to 2.5 in 2010 ( 46% increase, see Indicator 1.2.1), the changes vary between the groups of species. The volume of main 
broadleaved species increases in proportions close to 30% (sessile oak, pedunculate oak and beech) and the volume 
of secondary species increases from 45 to 150% (chestnut, hornbeam, ash and pubescent oak). The changes are more 
contrasting for the conifers, with increases of 30% and 50% for the silver fir and spruce, stagnation for the Scots pine, a 
drop of 20% for the maritime pine which was highly affected by the storms and a sevenfold increase for the Douglas fir 
whose plantations are reaching maturity.

 1.2.2.b.1. Proportion of the broadleaved volume in the volume of the large ecoregion

The full table is available in the downloadable data sheet. Only the broadleaved proportion is represented in 1.2.2.b.1.
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Unlike the changes in surface area, linked immediately 
to the new forest areas, the increases in volume above 
all involve pre-existing stands and surface areas 
colonized for several decades. The increase in volumes 
is therefore more complicated to understand given 
its combination of results from old spatial expansion 
processes and processes relating to the respective 
importance of the wood supply of the species in 
question and felling due to logging (see Indicator 
3.1) or destruction through the impact of a variety 
of natural disturbances (see Indicators 2.3 and 2.4). 
However, the main phenomenon explaining these 
noted increases in volume, especially in the largest 
species (sessile oak, pedunculate oak, beech and 
chestnut), is the capitalization in the pre-existing 
stands (see Indicator 3.1), moving from 1981 to 2010 
by (*): 

 – 90 m3/ha for oaks to 103 m3/ha for the 
pedunculate oak and 141 m3/ha for the sessile 
oak;

 – 130 m3/ha to 140 m3/ha for beech;
 – 87 m3/ha to 119 m3/ha for chestnut. 

The southern oak species - pubescent and holm - 
are capable of colonizing surficial soils with very 
constraining hydric conditions which do not suit 
crops and livestock. Their spatial extension can 
thus be linked to the dynamics of the agricultural 
abandonment that has been seen for several decades 
in these productivity-limiting environments (see 1.1.1). 
The increase in volumes occurs very late compared 
with the colonization period for this type of very 
slow-growing species in environments with few water 
resources: overcoming the stand eligible for inventory 
stage takes far longer than for other species found in 
more auspicious growing environments. The increases 
in volume noted for these species in the study period 
must therefore not be linked to contemporary spatial 
extension alone.

Rapid development of broadleaved volumes is 
governed by species matching the fastest colonization 
dynamics: this is true of ash, hornbeam, false acacia, 
large willows, large maples and aspen. Increased 
volumes of these rapid-growth, fairly short-lived 
species can be linked to more recent processes 
such as agricultural abandonment and also to the 
consequences of the storms which affected the 1996-
2010 period, even the lack or failure of regeneration 
or replanting after logging operations: some stands, 
conifer as well as broad-leaved, can thus be recolonized 
spontaneously, resulting in a change in composition 
shown by a change in main species and, therefore, by 
an increase in volumes of less frequent species.

These results can be correlated with the results of the 
Criterion 4 indicators relating to diversity.

Conifer species

The total conifer species volumes have also been 
increasing over the past thirty years (1.2.2.a.). The 
respective conifer and broadleaved dynamics have 
clearly diverged in the last fifteen years: broadleaved 
volumes have increased from 1,297 to 1,626 million 
cubic meters, about 20% increase, whilst conifer 
volumes rose from 836 to 891 million cubic meters in 
the 1996-2010 period (less than 10% increase). These 
differences may be compared with Indicator 3.1.1 on 
felling: conifers were impacted slightly more than 
broadleaved species during the 1999 storm (NFI, 2003) 
and far more by the 2009 storm which mainly affected 
the Landes de Gascogne (the maritime pine growing 
stock was decimated by approximately one third) (NFI, 
2009). In addition, there is higher industrial demand 
for softwood than for hardwood, which also explains a 
higher felling rate for this resource. The volumes of the 
main conifer species increase differently (1.2.2.a.3 and 
Indicator 3.1):

 – volumes of Douglas fir have increased sevenfold 
in thirty years, which mainly relates to increased 
growing stock per hectare (increased from 54 to 
232 m3/ha);

 – spruce and fir volumes continue to grow with 
very high average capitalizations in growing 
stock (256 m3/ha for spruce, 255 for the silver fir);

 – except for the maritime pine, the volumes of 
other species are increasing, especially the 
Corsican pine, which rose from 119 m3/ha in 
1981 to 148 m3/ha in 2010 (1.2.2.a.4).

Proportion of broadleaved species in the total 
volume per GRECO

Broadleaved volumes normally dominate the lowland 
regions (1.2.2.b). They also dominate in the Pyrénées 
(69%), Corsica (63%) and in the Oceanic South-West 
where 65% of volumes are broad-leaved. Areas with 
the lowest proportion of broadleaved volumes are the 
GRECO with a significant forest area at altitude: Alpes 
(30%), Vosges (42%), Jura (45%) and Massif central 
(51%).

* The volumes per hectare indicated here are in line with the volume per hectare of the species in question, in stands where this is the main species but 
therefore exclude the volume of other species in the stand. This therefore involves part of the total volume per hectare of stands of the main species in question.
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 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 
The volumes presented here are “overbark stem” volumes for trees eligible for inventory (i.e. trees more than 
7.5 cm in diameter at 1.3 m tall). The “overbark stem” volume is the volume of the main stem of the tree from 
ground level up to a 7 cm top diameter.

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).

  Bibliography
NFI, 2003. The storms of December 1999 - National assessment and lessons. L'IF, 2, NFI, Nogent-sur-Vernisson, 8 p., 
<http://inventaire-forestier.ign.fr/spip/IMG/pdf/L_IF_no02_tempetes.pdf> (consulted on 10 July 2015).

NFI, 2011. KLAUS storm of 24 January 2009: 234,000 hectares of forest more than 40 % affected - 42.5 million cubic 
meters of damage. L'IF, 21, NFI, Nogent-sur-Vernisson, 12 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF21_
internet.pdf> (consulted on 10 July 2015). 

NFI, 2011. Growing stock in French forests: 650 million additional cubic meters in a quarter of a century. L'IF, 27, 
NFI, Nogent-sur-Vernisson, 12 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/web_IF_evol-vol.pdf> (consulted 
on 9 July 2015).

Authors: Marie-Françoise Slak and Ingrid Bonhême (IGN)
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1.2.3.a. Basal area per hectare of stands, according to the main species
1.2.3.a.1. Basal area per hectare of main broadleaved species stands
1.2.3.a.2. Basal area per hectare of main conifer species stands

1.2.3.b. Basal area per hectare of stands, according to the main species and ownership category 

Purpose of the indicator
This indicator provides information on the basal area per hectare according to the main species in the stand 
(1.2.3.a) and per ownership category (1.2.3.b). This indicator estimates the accumulated surface per hectare 
of the section of trees eligible for inventory standing 1.3 meters tall. It has the advantage over the volume of 
resulting from a direct measurement on the trees and not from using a modelling. 

This variable increase with the age of stands, variable species-based dynamics, environments and type of 
forest management. Like the volumes per hectare, changes in basal areas are normally very continuous and 
are linked to the balance between fellings and volume increment (see 3.1). The breakdown per main species 
is interesting, as volume increment and felling are very different according to the stand species (differential 
harvesting and volume increment due to the timber market, adaptation to the climate and the environment, 
etc.). 

The basal area can be reduced quickly in major disturbances (storms, fires, plant protection problems, etc.) or 
more gradually when harvesting increases beyond volume increment levels. 

An increase in basal area conveys a capitalization of growing stock which, in terms of sustainable 
development, must be interpreted differently based on the average initial state of the forest. A forest which 
includes on average small-diameter trees will be capitalized normally due precisely to the dominance of 
small-diameter trees. Conversely, a forest with large- or very-large diameter trees on average, with growing 
basal areas, conveys a management change (aging of stands, which can be chosen when moving from 
coppice to high forest or suffered when there is a shortfall in renewing stands).

Warning: The method for determining the main species was altered radically during the change in method 
of the forest inventory (2005). This means that previously secondary species now appear as main species. Thus, 
the surface area of all the supporting or frequent broadleaved species in coppices (pubescent oak, hornbeam, 
chestnut, holm oak, etc.) increases with the change in method. The surface areas of large symbolic species (sessile 
and pedunculate oak) decrease, therefore. The basal areas of these stands therefore cannot be compared 
fully before and after 2005, above all for the secondary species.

1.2.3. Basal area of stands
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1981 1986 1991 1996 2006-2009** 2008-2012**
Main species Basal area of all the species in the stands where the species is the main one

m²/ha

Chestnut  20.8    21.2    23.0    23.1    27.0    ±   1.5   27.4  ±  1.6

Beech  22.4    22.9    24.0    24.4    25.5    ±   0.9   26.1  ±  0.9

Lime  20.9    21.0    22.1    22.8    25.8    ±   7.5   25.3  ±  5.8

Large alder  19.5    19.7    20.4    21.9    22.9    ±   4.4   24.9  ±  3.9

Sessile oak*
 18.5    19.6    20.8    21.4   

 23.4    ±   0.6   23.9  ±  0.6

Pedunculate oak*  21.7    ±   0.7   21.8  ±  0.6

Pubescent oak  11.5    12.7    13.7    14.6    15.8    ±   0.8   16.2  ±  0.8

Ash  18.5    18.9    18.9    18.9    21.2    ±   1.6   22.0  ±  1.5

Hornbeam  16.6    17.1    19.2    19.8    21.0    ±   1.2   21.8  ±  1.1

Aspen  16.7    17.1    17.6    18.0    19.8    ±   4.2   20.0  ±  3.1

False acacia  13.5    14.5    15.5    16.4    19.7    ±   3.0   19.2  ±  2.8

Large maples  17.3    18.2    18.1    19.9    20.2    ±   4.6   19.0  ±  3.3

Cultivated poplar  15.3    ±   2.3   16.9  ±  2.2

Birch  13.0    13.4    14.0    14.6    14.3    ±   2.0   15.6  ±  1.9

Holm oak  8.8    9.9    10.8    11.4    13.4    ±   1.4   15.2  ±  1.4

Small maples  12.9    12.7    13.0    12.4    13.8    ±   4.3   14.1  ±  3.5

Cherry  13.4    13.6    13.2    13.8    11.2    ±   5.7   11.9  ±  4.7

Other broadleaved species  13.0    13.7    13.8    13.8    14.2    ±   1.6   13.2  ±  1.4

Average broad-leaved  17.6    18.5    19.6    20.1    20.6    ±   0.3   21.0  ±  0.3

Common spruce  21.4    23.5    26.2    28.2    33.7    ±   1.9   34.7  ±  1.8

Silver fir  28.1    28.4    30.3    31.3    33.6    ±   1.8   34.6  ±  1.7

Douglas fir  10.8    14.6    18.2    20.4    25.5    ±   2.1   27.8  ±  2.2

Corsican pine  17.1    19.6    20.7    21.0    24.4    ±   4.1   23.8  ±  3.8

European Larch  20.2    20.1    19.9    22.9    24.6    ±   3.9   23.6  ±  3.7

Scots pine  20.1    20.9    22.1    22.4    23.0    ±   1.3   22.8  ±  1.2

Austrian pine  19.3    20.0    21.4    21.7    20.1    ±   3.5   21.2  ±  3.4

Maritime pin  16.5    18.1    18.4    20.3    16.2    ±   1.1   16.2  ±  1.1

Aleppo pine  11.4    11.9    12.0    13.9    12.5    ±   2.2   13.8  ±  2.1

Other conifer species  14.2    17.6    20.5    21.9    23.2    ±   3.8   22.8  ±  3.7

Average conifers  19.0    20.3    21.7    23.0    23.8    ±   0.6   24.3  ±  0.6

Average all species  18.1    19.2    20.4    21.2    21.5    ±   0.3   21.9  ±  0.2

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Years 2006-2009: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009. 
Years 2008-2012: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: * Pedunculate and sessile oaks together before 2005.
** The basal area of windfall trees following Klaus storm is not included in the results provided.

 1.2.3.a. Basal area per hectare of stands, according to the main species

n Results 
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 1.2.3.a.1. Basal area per hectare of main broadleaved species stands

 1.2.3.a.2. Basal area per hectare of main conifer species stands
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Year 2007: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009. 
Year 2010: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: * Pedunculate and sessile oaks together before 2005.
 The basal area of windfall trees following Klaus storm is not included in the results provided.

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Year 2007: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009. 
Year 2010: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: The basal area of windfall trees following Klaus storm is not included in the results provided.
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2006-2009* 2008-2012*
Main species Basal area of all the species in the stands where the species is the main one

m²/ha

State-owned forest Other public forest Private forest State-owned forest Other public forest Private forest

Pedunculate oak 20.0 ± 3.7 21.5 ± 1.7 21.9 ± 0.8 20.9 ± 2.7 22.1 ± 1.5 21.9 ± 0.7

Sessile oak 22.6 ± 1.8 22.6 ± 1.3 23.9 ± 0.8 22.7 ± 1.6 23.2 ± 1.3 24.4 ± 0.8

Pubescent oak 16.9 ± 5.7 14.2 ± 3.7 15.9 ± 0.8 15.9 ± 7.6 14.3 ± 3.9 16.3 ± 0.8

Holm oak n.s. 13.8 ± 4.3 13.4 ± 1.5 n.s. 14.5 ± 4.1 15.2 ± 1.5

Beech 21.8 ± 2.1 24.5 ± 1.4 27.8 ± 1.5 21.4 ± 1.8 25.1 ± 1.5 28.7 ± 1.4

Ash n.s. 17.8 ± 5.8 21.7 ± 1.7 n.s. 19.7 ± 5.5 22.2 ± 1.5

Hornbeam 17.7 ± 3.8 20.0 ± 1.7 22.2 ± 1.6 20.9 ± 2.7 19.9 ± 1.8 23.6 ± 1.5

Other broadleaved species 16.5 ± 5.2 16.0 ± 3.4 19.9 ± 0.8 17.6 ± 4.4 18.6 ± 3.6 19.8 ± 0.7

Average broad-leaved 20.5 ± 1.0 20.8 ± 0.7 20.6 ± 0.3 20.7 ± 0.9 21.5 ± 0.7 20.9 ± 0.3

Maritime pin 21.8 ± 6.2 16.2 ± 5.0 15.9 ± 1.1 18.9 ± 4.4 15.3 ± 5.2 16.0 ± 1.2

Scots pine 22.1 ± 4.4 26.3 ± 4.2 22.6 ± 1.5 22.7 ± 3.6 24.1 ± 3.5 22.6 ± 1.4

Corsican pine 26.3 ± 13.8 n.s. 23.0 ± 4.1 n.s. n.s. 22.2 ± 3.9

Austrian pine 22.2 ± 5.1 n.s. 19.1 ± 5.6 24.0 ± 4.5 n.s. 18.4 ± 5.4

Common spruce 31.4 ± 4.5 33.8 ± 3.0 34.0 ± 2.7 31.2 ± 6.2 33.8 ± 2.5 35.8 ± 2.6

Silver fir 30.0 ± 4.7 32.7 ± 2.5 36.4 ± 2.8 30.8 ± 4.8 33.8 ± 2.3 37.1 ± 2.7

Douglas fir n.s. 24.7 ± 7.6 25.5 ± 2.3 n.s. 27.5 ± 5.6 28.0 ± 2.5

Other conifer species 20.7 ± 7.6 21.2 ± 3.1 18.0 ± 2.4 22.5 ± 5.8 18.6 ± 3.6 18.5 ± 2.2

Average conifers 25.4 ± 1.9 27.7 ± 1.4 22.6 ± 0.7 25.6 ± 1.7 28.0 ± 1.2 23.2 ± 0.7

Average 22.2 ± 0.9 23.0 ± 0.6 21.0 ± 0.3 22.4 ± 0.8 23.5 ± 0.6 21.5 ± 0.3

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2006-2009: forest available for wood supply, surveys 2006-2009.
Years 2008-2012: forest available for wood supply, surveys 2008-2012.
Clarifications: * The basal area of windfall trees following Klaus storm is not included in the results provided.

 1.2.3.b. Basal area per hectare of stands, according to the main species and ownership category 

Average basal area per stand, according to the main 
species

The average basal area in 2010 was 21.9 m2/ha. 
Significant differences are noted according to the 
main species in the stand, with a higher basal area for 
conifers (24.3 m2/ha) than for broadleaved species (21.0 

m2/ha). Major differences also exist within each group 
of species. These vary from 34.7 m2/ha for common 
spruce stands to 16.2 m2/ha for maritime pine where 
the stands showed growth in basal area from 1981 to 
1996 before dropping subsequently due to the 1999 
and 2009 storms (1.2.3.a).

n Analysis
The average basal areas of French forests have increased by 21% in thirty years, with an average growth of  
0.13 m2/ha/year. The most significant changes have involved the stands where the main species is conifer  
(0.18 m2/ha/year), especially the Douglas fir, common spruce and Corsican pine. Only the basal areas of the maritime pine 
remain below their 1981 value, following losses suffered during storms. Among broadleaved species, strong growth is 
seen essentially in holm oak, chestnut and hornbeam; as coppice surface areas are not increasing, these changes may 
relate to their aging. Lastly, the type of ownership influences the average value of basal areas; thus hornbeam and above 
all beech account for more basal areas in private forests than in public ones.



 1.2.3. Basal area of stands 77

Basal areas have increased by 21% on average over 
the last thirty years. The most significant changes 
have involved, for the conifer stands, the Douglas 
fir (+156%), spruce (+62%), Corsican pine (+39%), fir 
(+23%), Aleppo pine (+21%) and European Larch and, 
for the broadleaved stands, the holm oak (+73%), 
false acacia (+43%), pubescent oak (+41%), chestnut 
(+32%), hornbeam (+31%), large alders,  , birch, aspen 
and linden(around +20%), pedunculate oak and beech 
(between 15 and 20%) (1.2.3.a.1 and 1.2.3.a.2). The 
greatest variations involve the stands of main species 
that have extended surface areas either through 
planting or through spontaneous colonization of 
areas under agricultural abandonment (the stands in 
question are young, the basal areas increase therefore 
until maturity and/or logging) and stands of species 
represented strongly in former coppices or coppices-
with-standards which are currently aging. The changes 
between 1996 and 2007 for the secondary species 
frequently encountered in mixed coppice-high forest 
are partly falsified by the change in how the main 
species is determined. This undoubtedly raises the 
average basal area of these stands. 

Average basal area, according to the main species 
and ownership category

The average basal area in the stands with a 
broadleaved main species is fairly similar regardless of 
the ownership category in question, except for beech 
and to a lesser extent hornbeam, where the average 
basal area in private forests is significantly greater than 
in public ones (1.2.3.b). Conversely, the average basal 
area in private forests for stands of main conifer species 
is significantly lower that the averages recorded in 
public forests (above all in other public forests), except 
for the silver fir and the common spruce whose basal 
areas per hectare seem higher in private forests. This 
can relate both to more recent stands in private forests, 
stands operated on short cycles, more dense stands 
for spruce and silver fir in private forests, sometimes 
with little thinning, even differences in geographical 
location (more significant relative importance of stands 
of spruce and mountain silver fir in public forests).

 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 

The basal area of a tree is the surface area of the cross-section of its stem at 1.3 meters tall. The basal area per 
hectare is the accumulated surface area per hectare of the section of trees eligible for inventory standing 
1.3 meters tall.
The basal areas presented here are those of trees eligible for inventory (i.e. trees more than 7.5 cm in diameter at 
1.3 m tall). 

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).

  Bibliography
NFI, 2003. The storms of December 1999 - National assessment and lessons. L'IF, 2, NFI, Nogent-sur-Vernisson, 8 p., 
<http://inventaire-forestier.ign.fr/spip/IMG/pdf/L_IF_no02_tempetes.pdf> (consulted on 10 July 2015).

NFI, 2011. What are the exploitable resources? Spatial and temporal analysis. L'IF, 30, Nogent-sur-Vernisson, 16 p., 
<http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF30.pdf> (consulted on 21 July 2015).

Authors: Marie-Françoise Slak and Ingrid Bonhême (IGN)
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1.3. Forest resource per class of maturity

1.3.a. Growing stock per diameter class 
1.3.a.1. Growing stock per diameter class 

1.3.b. Growing stock in forest per size class and per type of stand
1.3.b.1. Growing stock in forest per size class and per type of stand 

1.3.c. Volume and volume per hectare of growing stock, per group of species, ownership category and 
diameter class
1.3.c.1. Volume of growing stock, per group of species, ownership category and diameter class
1.3.c.2. Volume per hectare of growing stock, per group of species, ownership category and diameter class

1.3.d. Surface area of regular high forest, per age class of dominant trees 
1.3.d.1. Surface area of regular high forest, per age class of dominant trees

Warning: This indicator favors the structure per diameter class. All stand types in French forests can therefore be 
covered (with the sole exception of those with a large proportion of trees not eligible for inventory, i.e. with less 
than 7.5 cm diameter at 1.30 high). 
It therefore gives in addition the breakdown of surface areas per age class for the regular high forest only (which 
account for half of French forests). The forest structure is linked to past management of stands but must not be 
confused with a management method, as a structure qualifier is allocated by the forest inventory uniquely on the 
basis of observations of the stand’s physionomy. Giving the age of a stand only means something for the even-
aged stands. The results must be analyzed with caution inasmuch as a regular stand is not necessarily even-aged 
and the age difference between trees in a same stand can be considerable. The age of a stand has corresponded to 
the average age of the two largest trees in the dominant stand since 2005. The surface area of the first age classes 
can be slightly under-estimated as it does not include the areas of deforested stands although they can quickly 
become regular high forest.

 Volume per diameter class

 Surface area per age class 

Purpose of the indicator
This indicator assesses the breakdown of the resource per maturity class:

 – for all stands: per 5 cm diameter class, all stands together (1.3.a) and per category of ownership and 
species (1.3.c), per class of small, medium-sized, large and very large tree and type of stand (1.3.b);

 – for regular high forest: per age class (1.3.d).

The volume per 5 cm diameter class gives a detailed overview of the resource. Its changes over thirty 
years provide information on the dynamics at work. The breakdown of recent results per broadleaved or 
conifer species and per ownership category provides additional information on the characteristics of these 
categories. The changes over the last thirty years in volume per size class (small, medium-sized, large and very 
large trees) in the broad-leaved, conifer and mixed stands allow a longer timeframe for the approach to the 
wood resource, despite being less detailed in terms of diameter classes. 

The regular high forest area per age class is used basically to assess changes in the importance of the regular 
high forest structure in French forests over a hundred years or so.
 
Although the resource per diameter class can be characterized with the various components of this indicator, 
it is nevertheless tricky to explain the national variations which encompass very different changes per species 
(see 1.3.1). The changes are of necessity due to many causes with mixed effects: forests that are still expanding 
naturally, capitalization of surface areas that have recently been returned to forest, changes in planting areas, 
conversion of areas into high forest, effect of storms, etc.
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1981 1986 1991 1996 2006-2009* 2008-2012*
Diameter classes (cm) Volume

106 m3

10 150 149 152 149  135   ±  3    140   ±  3   

15 203 212 220 222  204   ±  4    209   ±  4   

20 201 221 242 255  269   ±  6    270   ±  5   

25 187 207 229 248  289   ±  6    297   ±  5   

30 186 205 223 239  291   ±  6    298   ±  6   

35 177 192 207 221  257   ±  6    263   ±  6   

40 153 164 172 187  228   ±  5    237   ±  5   

45 129 139 149 164  195   ±  5    203   ±  5   

50 103 111 118 130  147   ±  4    156   ±  4   

55 75 82 88 99  122   ±  4    130   ±  4   

60 54 59 63 71  90   ±  4    96   ±  3   

65 35 38 43 49  66   ±  3    70   ±  3   

70 24 26 29 33  40   ±  3    46   ±  3   

75 16 17 19 21  30   ±  2    34   ±  2   

80 10 11 12 14  19   ±  2    22   ±  2   

85 6 7 8 9  13   ±  2    14   ±  2   

90 5 5 6 6  8   ±  1    10   ±  2   

95 2 3 3 3  5   ±  1    7   ±  1   

100 2 2 2 3  3   ±  1    4   ±  1   

105 1 1 1 1  2   ±  1    2   ±  1   

110 1 1 1 1  2   ±  1    2   ±  1   

115 0 0 1 1  1   ±  1    1   ±  1   

120 and over 2 2 2 2  4   ±  2    5   ±  2 

Total 1,722 1,853 1,990 2,127 2,420 ± 41 2,518 ± 38

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Years 2006-2009: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009.
Years 2008-2012: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: 
Dimensions of diameter classes (in cm, lower limit included): [7.5-12.5[; [12.5-17.5[; …; [112.5-117.5[;  >= 117.5.
* The volume of windfall trees following Klaus storm is not included in the results provided.

 1.3.a. Growing stock per diameter class 

n Results 

 Volume per diameter class
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 1.3.a.1. Growing stock per diameter class 
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981 and 1996: forest available for wood 
supply excluding poplar stands and including 
thickets, departmental inventories focused on the 
years listed. 
Year 2010: forest available for wood supply 
(including poplar stands and excluding thickets), 
surveys 2008-2012.
Clarifications: Dimensions of diameter 
classes (in cm, lower limit included): [7.5-12.5];  
[12.5-17.5]; …; [112.5-117.5];  >= 117.5.

1981 1986 1991 1996 2006-2009* 2008-2012*

Type of stand Dimension 
classes Volume

106 m³ % 106 m³ % 106 m³ % 106 m³ % 106 m³ % 106 m³ %

Broadleaved stand

Small trees 370 37 381 36 397 35 406 33 422 ± 11 29 436 ± 10 28
Medium-sized trees 424 42 462 43 500 44 537 44 690 ± 16 47 715 ± 15 47
Large trees 161 16 175 16 192 17 211 17 266 ± 8 18 278 ± 7 18
Very large trees 48 5 51 5 59 5 65 5 93 ± 5 6 105 ± 5 7

Total broadleaved stands 1,004 100 1,070 100 1,148 100 1,219 100 1,471 ± 31 100 1,534 ± 29 100

Conifer stand

Small trees 139 25 154 25 164 25 163 23 120 ± 7 18 116 ± 6 17
Medium-sized trees 324 58 356 58 380 59 413 59 408 ± 19 62 410 ± 18 61
Large trees 80 14 86 14 87 13 102 15 107 ± 8 16 116 ± 8 17
Very large trees 15 3 17 3 17 3 19 3 22 ± 4 3 26 ± 4 4

Total conifer stands 559 100 612 100 649 100 697 100 658 ± 30 100 668 ± 29 100

Mixed stand

Small trees 44 28 47 28 53 27 56 27 65 ± 5 22 66 ± 7 21
Medium-sized trees 84 52 88 52 100 51 109 51 162 ± 11 56 173 ± 16 55
Large trees 25 16 29 17 33 17 37 17 51 ± 5 18 57 ± 7 18
Very large trees 6 4 7 4 8 4 10 5 13 ± 2 4 16 ± 4 5

Total mixed stands 160 100 171 100 194 100 211 100 291 ± 19 100 312 ± 18 100
Indeterminate stand - - - - - 3 ± 1 -

All types
of stand

Small trees 554 32 582 31 614 31 626 29 608 ± 12 25 619 ± 11 25
Medium-sized trees 832 48 906 49 979 49 1,059 50 1,260 ± 22 52 1,300 ± 21 52
Large trees 267 15 290 16 312 16 349 16 425 ± 11 18 452 ± 10 18
Very large trees 70 4 75 4 84 4 94 4 127 ± 6 5 147 ± 6 6

Total all types of stand 1,722 100 1,853 100 1,990 100 2,127 100 2,420 ± 41 100 2,518 ± 38 100
Stand not inventoried 0 1 1 0 - -

Total 1,723 1,854 1,991 2,127 2,420 ± 41 2,518 ± 38 100

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Years 2006-2009: forest available for wood supply (including poplar stands and excluding thickets), surveys 2006-2009. 
Years 2008-2012: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: 
Dimension of trees in four diameter classes (in cm, lower limit included): [7.5 - 22.5[, [22.5 - 47.5[, [47.5 - 67.5[, >= 67.5.
* The volume of windfall trees following Klaus storm is not included in the results provided.
Indeterminate: stands with insufficient cover rate to be able to determine a type of stand.

 1.3.b. Growing stock in forest per size class and per type of stand
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 1.3.b.1. Growing stock in forest per size class and per type of stand 

 1.3.c.1. Volume of growing stock, per group of species, ownership category and diameter class
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981 and 1996: forest available for wood supply excluding poplar stands 
and including thickets, departmental inventories focused on the years listed. 
Year 2010: forest available for wood supply (including poplar stands and 
excluding thickets), surveys 2008-2012.

Clarifications: 
Dimension of trees in four diameter classes (in cm, lower limit included):  
[7.5 - 22.5[, [22.5 - 47.5[, [47.5 - 67.5[, >= 67.5.

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, surveys 2008-2012.
Clarifications:
Dimensions of diameter classes (in cm, lower limit included): [7.5-12.5[; [12.5-17.5[; …; [112.5-117.5[;  >= 117.5.
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 1.3.c.2. Volume per hectare of growing stock, per group of species, ownership category and diameter 
class

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, surveys 2008-2012.
Clarifications:
Dimensions of diameter classes (in cm, lower limit included): [7.5-12.5[; [12.5-17.5[; …; [112.5-117.5[;  >= 117.5.
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1981 1986 1991 1996 2006-2009* 2008-2012*

Age classes 
(years) Surface area

1000 ha % 1000 ha % 1000 ha % 1000 ha % 1000 ha % 1000 ha %

0-19  1,163    20    1,133    19    1,105    17    1,118    17    1,136    ±  53    15    1,175    ±  49    15   

20-39  1,152    20    1,190    20    1,356    21    1,351    20    1,220    ±  56    16    1,279    ±  53    16   

40-59  881    15    930    15    1,001    16    1,134    17    1,363    ±  58    17    1,414    ±  56    18   

60-79  753    13    817    14    882    14    956    14    1,153    ±  53    15    1,147    ±  50    15   

80-99  585    10    644    11    715    11    779    12    956    ±  48    12    941    ±  45    12   

100-119  397    7    432    7    468    7    519    8    760    ±  43    10    697    ±  38    9   

120-139  330    6    363    6    383    6    395    6    530    ±  35    7    507    ±  32    6   

140-159  292    5    309    5    308    5    313    5    312    ±  27    4    299    ±  25    4   

160-179  61    1    69    1    76    1    71    1    167    ±  20    2    170    ±  18    2   

180-199  47    1    48    1    48    1    46    1    96    ±  15    1    92    ±  14    1   

200-239  72    2    68    2    66    2    70    2    62    ±  12    1    60    ±  11    1   

240 and over  18    -      18    -      15    -      16    -      38    ±  10    -      36    ±  9    0   

Total  5,753    100    6,021    100    6,423    100    6,768    100    7,793    ±  104    100    7,818    ±  99    100   

 1.3.d. Surface area of regular high forest, per age class of dominant trees 

 Surface area per age class 

 1.3.d.1. Surface area of regular high forest, per age class of dominant trees
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981 and 1996: forest available for wood supply excluding poplar stands 
and including thickets, only for stands where an age could be determined, 
departmental inventories focused on the years listed. 

Year 2010: forest available for wood supply (including poplar stands and 
excluding thickets), surveys 2008-2012.
Clarifications: 
The age classes are assessed on the dominant trees in the stand.

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981, 1986, 1991 and 1996: forest available for wood supply excluding 
poplar stands and including thickets, only for stands where an age could be 
determined, departmental inventories focused on the years listed. 
Years 2006-2009: forest available for wood supply (including poplar stands and 
excluding thickets), surveys 2006-2009. 
Years 2008-2012: forest available for wood supply (including poplar stands and 
excluding thickets), surveys 2008-2012.

Clarifications: 
Since 2005, stand age has been calculated by taking an average age of the two 
largest trees of the dominant tree species (the most represented in the dominant 
sub-stand). Before 2005, the choice of trees to define an age class was different. 
The effect of changes in the protocol is unknown.
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Volume per diameter class

Volumes for the 10 and 15 cm classes stagnated 
between 1981 and 2010, whereas they rose sharply 
over the same period from the 20 cm class upwards 
(1.3.a, 1.3.a.1). 

Several hypotheses can be advanced to explain the 
stability of small diameters over the past thirty years: 
coppicing after the oil crises, smaller planting areas, 
new areas from natural expansion with very low 
volumes (surface areas too recently covered with forest 
or with little wood supply), consequence of a defective 
or failed regeneration, replacements not yet at the 
eligible-for-inventory stage, etc. In addition, the 15 and 
20 cm classes peaked in 1981, which was repeated for 
the 20-25 cm and 25-30 cm classes in 1996 and 2010 
respectively (1.3.a). This is shown in Figure 1.3.a.1 
as a move to the right in most histograms over time: 
plantings or regrowth in the second half of the 20th 
century could be behind this gradual move towards 
the larger diameter classes. 

The capitalization in terms of volume of stands in thirty 
years, already commented on in the Indicators 1.2, is 
found in all diameter classes, from 20 to 25 cm upwards 
(1.3.a and 1.3.b, 1.3.b.1). Strong, continuous increase 
is seen for medium-sized trees from 1981 to 2010 in 
broadleaved (+69%, + 10 million m3/ year) and mixed (+ 
106%, + 3 million m3/year) stands but it is less apparent 
(+27%, + 3 million m3/year) and discontinuous, as 
it stops in 1996, for conifer stands. Volumes of large 
and very large trees are also increasing strongly and 
steadily for mixed, broadleaved and conifer stands 
in order of importance and for the very large trees 
(+110%, + 3 million m3/ year) even more for the large 
trees (+69%, + 6 million m3/ year). 

In mean year 2010, the breakdown per diameter class 
of volumes of broadleaved species peaks for the 15-
30 cm classes in private forests whereas the breakdown 
between classes is far more homogeneous in public 
forests (1.3.c.1). Conifer species in private forests peak 
at slightly larger sizes (25-40 cm) than broadleaved 
species; in addition, a bell-shaped distribution for 
public forests is also noted. 

Private forests have lower average volumes per 
hectare than public forests in 2010 (154 m3/ha against 
184 m3/ha). The contribution of each diameter class 
to the volume per hectare of ownership classes 
differs significantly between categories and between 
broadleaved or conifer species (1.3.c.2). The volume 
of broadleaved species per hectare in private forests 
is higher in the 10 to 30 cm classes and lower beyond 
that. This suggests that forests in private forests are 
younger, linked to the natural expansion, or have less 
high forest than public forests. There is less volume of 
conifer species per hectare in private forests than in 
public ones regardless of the diameter classes.

Thus, beyond a powerful upswing in conifer 
plantations and growth and regrowth in the second 
half of the 20th century which produces large volumes 
in the medium-sized tree category, a decrease in 
conifer plantings can seemingly be perceived whilst 
the volumes of small diameters in the broadleaved or 
mixed stands are maintained. Major capitalization is 
also at work in the large and very large trees. As French 
forests are still expanding, the changes noted must 
surely be attributed to normal aging, but an analysis 
per species or more geographically localized would be 
necessary to fine tune this position and single out any 
renewal deficit situations.

n Analysis

Volumes of growing stock per diameter class peaked in 2010 in the 25-30 classes and in lower classes in the past. In 
addition, the volumes have been increasing in all diameter classes from the 20 cm class since 1981. Capitalization 
therefore seems to stem from new stands arriving in the medium-sized tree class and older stands with rising volumes 
per hectare. Regular high forest surface areas have been extended in the last thirty years through natural expansion and 
conversions of coppices or mixed high forest and coppice, which also implied a rise in volumes per hectare.
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Surface area per age class in regular high forest

In regular high forest in 2010, the most represented 
dominant trees are in the 40-59 age group, which 
corresponds to regeneration, plantings or growth 
between 1950 and 1970. There are fewer younger and 
older age classes. During this period, the plantings 
were mainly encouraged by the National Forestry Fund 
(FFN) and agriculture abandoned lands which became 
colonized. The current peak was in the youngest 
classes for the 1996 and 1981 data (1.3.d and 1.3.d.1). 
In 2010, from the 60-79 year classes, the regular high 
forest surface areas of older age classes drop, linked to 
the fact that certain high forest species are reaching or 
exceeding the logging age.

Changes in regular high forest areas per age class 
provide information on the importance of forest 
management guidelines in the last hundred years 
but little on the renewal of the resource itself, a 
trait understood better by volume indicators per 
diameter class. Over time (1.3.d and 1.3.d.1), the 
regular high forest increases its surface area linked 
to the “conversions” of stands into high forest and 
undoubtedly also through natural expansion, where 

the stands can be qualified as regular under the French 
NFI definition. This increase is perceived for the last 
thirty years for each age class from the 40-59 year 
class, as the stands being converted are not included 
in the first age classes, just like the stands with little 
productive growth, which can sometimes take several 
decades to produce sufficiently high cover eligible for 
inventory. And, beyond the 40-59 year peak, the overall 
upwards trend towards regular high forest is perceived 
for the last 140 years (class 120-139 years and below). 
This increase in surface areas is the most marked for 
the 40-59 and 110-119 age classes, which corresponds 
to stands established or renewed during the 1890-1970 
period, i.e. the period which saw an increasing number 
of “conversions” of coppices-with-standards to high 
forest, mainly due to less demand for fuelwood and 
also, for the 40-59 year class, the start of the FFN and 
the on-going natural expansion already mentioned. 

 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 

The volumes presented here are “overbark stem” volumes for trees eligible for inventory (i.e. trees more than 
7.5 cm in diameter at 1.3 m tall). The “overbark stem” volume is the volume of the main stem of the tree from 
ground level up to a 7 cm top diameter.
Since 2005, stand age has been calculated by taking an average age of the two largest trees of the dominant tree 
species (the most represented in the dominant sub-stand). Before 2005, the choice of trees to define an age class 
was different. The effect of changes in the protocol is unknown.

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).

  Bibliography
NFI, 2011. Growing stock in French forests: 650 million additional cubic meters in a quarter of a century. L'IF, 27, 
Nogent-sur-Vernisson, 12 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/web_IF_evol-vol.pdf> (consulted on 
9 July 2016).

IGN, 2013. A century of expansion of French forests, from the Daubrée statistic to the IGN forest inventory. L'IF, 31, 
Saint-Mandé, 8 p., <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF31.pdf> (consulted on 8 July 2015). 

Authors: Ingrid Bonhême and Marie-Françoise Slak (IGN)

n Data sources and methodology
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1.3.1. Forest resource per class of maturity and 
species 

1.3.1.a. Volume per diameter class, for the main species

Purpose of the indicator
This indicator is used to describe, for the main species, the resource per diameter class and how it has 
changed since 1981 (1.3.1.a).

The breakdown per diameter class of the resource per species helps us to understand the global values of 
Indicator 1.3 and overcomes problems in interpreting differences between species. It is thus possible to make 
a distinction between species where the resource is in full expansion and species where the resource is more 
stable. However, these results inevitably conceal the geographical divergences which can also explain some 
of the variations.

n Results 
 1.3.1.a. Volume per diameter class, for the main species
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Source: IGN, national forest inventory.
Forest estates and time domains involved: 
Years 1981 and 1993: forest available for wood supply excluding poplar stands, including thickets, departmental inventories focused on the years listed. 
Year 2010: forest available for wood supply (including poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: 
Dimensions of diameter classes (in cm, lower limit included): [7.5 -17.5]; [17.5-27.5]; ...[87.5-97.5];  ≥ 97.5.
Warning: these limits are different from those used in Indicator 1.3 due to the re-use of old data per species.
 The volume of windfall trees following Klaus storm is not included in the 2010 results.
The list of varieties grouped in forest species is available in Appendix 2.
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Results per species and per 10 cm diameter class 
are presented here (1.3.1.a) since 1981for a few 
major species, linked to the historical results that can 
currently be used (NFI, 2011).
The main broadleaved species show a relatively 
upward trend, except for the pubescent oak, in the 
1981-2010 period.

 – Volumes of diameter classes for the pedunculate 
oak from the 30 cm class are rising significantly 
whilst stagnating in the 10 and 20 cm classes.

 – Volumes of sessile oak increase strongly between 
1981 and 1993 for all diameter categories, except 
for the 10 cm which does not vary over the 
period. Between 1993 and 2010, the volumes 
are stable for all diameter classes, except for the 
30 cm class and the 70 and 80 cm classes, with 
large and small increases respectively.

 – Unlike other oaks, the growing stock volumes 
of small diameter pubescent oak are increasing 
strongly; this may relate to the extension of 
the forest into areas with weak water retention 
capacity (see 1.1.1). There are few large diameter 
trees, both because the old stands are often 
coppiced and also because there is little stand 
management, which tends to hamper the 
development of large diameters in restrictive 
ecological conditions.

 – Beech volumes increase slightly for all classes 
from 1981 to 1993. There is a strong rise in the 
10 and 40 cm classes between 1993 and 2010, 
whereas they stagnate or drop slightly from the 
50 cm class, which can relate to the logging of 
these diameter classes. 

Conifers do not have diameters as large as the 
broadleaved species, except for the silver fir. Some 
conifer species show a booming resource, probably 
connected to the plantings by the National Forestry 
Fund (FFN), whereas the native species have made real 
but more measured progress. 

 – The common spruce increases hugely in volume 
between 1981 and 2010. Between 1981 and 
1993, the dynamics are mainly marked for the 
20 and 30 cm diameters, whereas between 1993 
and 2010 they affect the 30 and 40 cm diameter 
classes above all.

 – The silver fir volumes increase slightly in all 
diameter classes between 1981 and 1993, 
whereas a major increase is seen between 1993 
and 2010 for the 10 to 40 cm classes.

 – There is a spectacular rise in the volumes of 
Corsican pine: in 1981 the total of volumes is 
no more than 2 million cubic meters for each 
diameter class in 1981, but in 2010 it reaches 
nearly 10 million cubic meters for the 20 and 
30 cm classes.

 – Similarly, the increase in Douglas fir volumes is 
huge between 1981 and 2010, with the 30 and 
40 cm volume exceeding 30 and 25 million cubic 
meters respectively in 2010.

 – Whilst maritime pine volumes are stable 
between 1981 and 1993 for the 10 to 30 cm 
diameter classes, they progress in the largest 
diameters. Volumes of maritime pine drop 
sharply from 1993 to 2010, linked to the storms 
that battered the Landes massif on several 
occasions. 

 – The Scots pine resource is relatively stable since 
1981, with nevertheless a slight rise for the 30-
40 cm classes.

n Analysis
The forest resource is increasing (see Indicator 1.2), with most French forest species contributing to this. Although 
broadleaved growth is marked, it remains generally modest, except for the pubescent oak. From the medium-sized trees 
and regularly for thirty years, the volumes of pedunculate oak are increasing whilst sessile oak volumes grow above 
all between 1981 and 1993. Monitoring the renewal of sessile and pedunculate oaks will merit special attention in the 
next decades. Beech volumes have increased above all for the 10 to 40 cm classes in the last thirty years. The pubescent 
oak, on the other hand, attests to strong dynamics with volumes rising very sharply for every diameter class. Similarly, 
recently-planted conifers (Corsican pine, Douglas fir and spruce in lowland areas) are changing rapidly in the increasingly 
high diameters as time goes on whilst the silver fir, Scots pine and maritime pine (before 1999) are making more modest 
progress; the maritime pine was the conifer species most affected by the 1999 and 2009 storms.
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 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 
The volumes presented here are “overbark stem” volumes for trees eligible for inventory (i.e. trees more than 
7.5 cm in diameter at 1.3 m tall). The “overbark stem” volume is the volume of the main stem of the tree from 
ground level up to a 7 cm top diameter.

The results given here are for 1981 and 1993 taken from L'IF no. 27, except for the maritime pine and Scots pine 
which have been calculated from the same reference years. The diameter classes used are labeled in 10 cm 
increments; they are limited as follows: [7.5-17.5[; [17.5-27.5[; …; [87.5-97.5[; ≥ 97.5 cm.

For details on the inventory method: 

 – IGN, 2014. Results of the forest inventory, Methodology, To understand fully the published results,  
<http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf> (consulted on 12 May 2015).

 – IGN, undated Definitions, <http://inventaire-forestier.ign.fr/spip/spip.php?rubrique166> (consulted on 
12 May 2015).
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1.4. Forest carbon stock
1.4.a. Forest carbon stock in the various ecosystem compartments

1.4.a.1. Carbon stock in the tree biomass
1.4.b. Carbon stock in the tree biomass, per department

Purpose of the indicator
The indicator presents the changes over time in the amount of carbon stored in forests, with distinction made 
between the various ecosystem compartments: above-ground and below-ground tree biomass, the other 
compartments and the soils (1.4.1). The indicator only currently receives information on the carbon stock in 
the tree biomass (1.4.1 and 1.4.a.1). The distribution of the stock in the national territory is mapped using a 
departmental mesh (1.4.b). The carbon sink is calculated as the difference in stocks over the number of years 
elapsed between two states (1.4.a).

The forest is the main land-based ecosystem in terms of carbon stock. In temperate environments, the plant 
biomass and soil organic matter is more than double the stock in an equivalent area of crops or grassland 
(Robert and Saugier, 2003). Forests participate directly in the carbon cycle by stocking and destocking 
atmospheric CO2. Forest management alters the intensities of these dynamics, making the forests an 
important lever in greenhouse gas emission reduction policies.

1981 1991 2008-2012* 1981-2010*

Compartment Forest carbon stock Annual carbon sink 
over the period**

million 
tonnes
(106 tC)

tonne per 
hectare
(tC/ha)

million 
tonnes
(106 tC)

tonne per 
hectare
(tC/ha)

million 
tonnes
(106 tC)

tonne per 
hectare
(tC/ha)

million 
tonnes per year

(106 tC/year)

Above-ground tree biomass 603 45 714 52  915    59    10.8   

Below-ground tree biomass 172 13 204 15  261    17    3.1   

Sub-total biomass of trees 775 58 917 67  1,176    75    13.8   

Non-tree biomass n.a. n.a. n.a. n.a.

Deadwood lying and litter n.a. n.a. n.a. n.a.

Forest soils n.a. n.a. n.a. n.a.

Total n.a. n.a. n.a. n.a.

Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981 and 1991: forest available for wood supply excluding poplar stands and including thickets, departmental inventories focused on the years listed. 
Years 2008-2012: forest available for wood supply (excluding poplar stands and excluding thickets), surveys 2008-2012.
Clarifications: * The volume of windfall trees following Klaus storm is not included in the results provided (survey 2008-2012).
** The value of the carbon sink is an annual average over a long period 1981-2010. It under-estimates largely the current sink as French forests have experienced a 
major, continuous increase in the volume of growing stock during the period, as presented in Indicator 1.2.

n Results 
 1.4.a. Forest carbon stock in the various ecosystem compartments



 1.4. Forest carbon stock 91

 1.4.a.1. Carbon stock in the tree biomass

 1.4.b. Carbon stock in the tree biomass, per department
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Source: IGN, national forest inventory.
Forest estates and time domains involved:
Years 1981 and 1991: forest available for wood supply excluding 
poplar stands and including thickets, departmental inventories 
focused on the years listed. 
Year 2010: forest available for wood supply (excluding poplar 
stands and excluding thickets), surveys 2008-2012.

Source: IGN, national forest inventory.
Forest estate and time domain involved: 
Years 2008-2012: forest available for wood supply, surveys 2008-2012.
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Carbon stock in the biomass

The carbon stock per wooded hectare is 75 tonnes 
(tC/ha) on average (1.4.a). Nevertheless, it varies 
significantly in the national territory (1.4.b). This 
is due to the diversity of soil-climate contexts, the 
diameter structure of the resource, the occurrence 
of storms and the preponderance of broadleaved 
or conifer species. The highest carbon stocks per 
hectare are found in the large lowland regions with 
ancient forest tradition dominated by oaks and beech. 
These are located in eastern (Alsace, Franche-Comté, 
Burgundy) and northern (Picardy, Nord-Pas-de-
Calais, Ile-de-France) of France. The medium and high 
mountain regions (Vosges, Jura, Auvergne, Morvan, 
Savoy region, western and central Pyrenees) feature 
a preponderance of large conifer species available for 
wood supply (fir, spruce, Douglas fir) which can be 
recent plantings. Here are found the highest average 
stocks per hectare, with figures of more than 100 tC/ha. 
Conversely, regions with a Mediterranean climate have 
the lowest average values (less than 50 tC/ha). The 
scars from the 1999 and 2009 storms are still clearly 
visible on the edge of Aquitaine where stocks per 
hectare are manifestly low and in the departments of 
Meuse and Meurthe-et-Moselle. The remainder of the 
national territory has intermediate values linked to the 
age of the forests in question.

Carbon sink in the biomass

The origins of the extensive fixing of atmospheric 
carbon in the tree biomass noted in the 1981-2010 
period (1.4.a) are the same as for the changes in the 
growing stock volume (see 1.2), namely the swelling 
of trees (see 1.3) caused by the gradual conversion of 
old coppices and coppices-with-standards, increase 
broadleaved forest areas due to agricultural and rural 
abandonment (see 1.1), post-war conifer afforestation, 
rises in productivity identified during the 20th century, 
etc.

Towards an assessment of the global contribution 
of the forest-timber activity to combating the 
greenhouse effect.

The quota for carbon sequestration function in the tree 
biomass in forests (1.4.a) is broadly fixed by increasing 
the wooded surface area in France. This short-term 
origin does not mean it will last in the long term as the 
wooded area will soon reach its ceiling.
The actual contribution of forests to the carbon 
balance must be assessed in a global sector approach, 
i.e. including the beneficial effects of using timber 

products. Using timber in buildings or for furniture can 
extend the storage of atmospheric CO2, which delays 
its return into the atmosphere. But wood above all 
prevents emissions of fossil CO2 when used instead of 
other materials or energies. This substitution effect still 
remains difficult to quantify, mainly through lack of 
consolidated and sufficiently reliable data.

Forest soils and other compartments in the 
ecosystem

Apart from the biomass, the soil is a major 
compartment in carbon sequestration by the forests. 
The amount of organic carbon stored in the soil 
and the litter is more than the amount stored in the 
biomass in the European forests (De Vos and  al., 2015). 
There is therefore a great deal at stake in assessing 
and understanding the dynamics of this reservoir. 
The measurements repeated homogeneously on a 
sample of 102 quadrats installed in public forests 
(Renecofor network) reveal a tendency for the 
organic carbon stock to increase in forest soils (litter 
+ mineral soil up to 40 cm deep) over a fifteen year 
interval (see Indicator 2.2). The size of this increase is  
+ 0.34 tC/ha/ year on average (i.e. around 1 tonne 
CO2/ha/year), which suggests a noteworthy carbon 
sequestration potential. Other measures will 
nevertheless be necessary to be able to quantify 
an average flow representative of all French forests. 
Research into the underlying processes should also 
be broadened, to be able especially to assess whether 
the forest soils will continue to behave as a carbon sink 
with changes in the climate. 

The deadwood compartment also contributes to the 
global carbon balance of the forest. Data collected 
during national forest inventories are now used for 
exhaustive and extremely reliable measurements 
of deadwood, but they still have to be consolidated 
to assess the annual flows with sufficient statistical 
accuracy. 

n Analysis
Nearly 1.2 billion tonnes of carbon are stored in the tree biomass in 2010, including 22% in the roots. The carbon 
stock in the tree biomass has grown continuously and significantly (+50%) in the 29 years monitored by this indicator. 
Nearly 14 million tonnes of carbon are sequestered every year, i.e. about 50 Mt CO2/year on average in the 1981-2010 
period. With this annual carbon sequestration in the biomass, French forests are contributing directly to the mitigation 
of greenhouse gas emissions and therefore achievement of the objectives which France has set itself under the United 
Nations (UN) Climate Convention. 



 1.4. Forest carbon stock 93

 Producer of data
National Institute of Geographic and Forestry Information (IGN) - <http://inventaire-forestier.ign.fr> 

  Methodology 
The woody biomass includes tree stems, branches up to the terminal buds and roots. It is estimated by modeling. 
Different conversion equations and coefficients taken from national research work are applied directly to each tree 
measured when conducting the inventory, where its circumference at 1.30 meters tall and its height are known. 
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