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Criterion summary

The forest ecosystem is a complex set of species interacting with each other and with their environment. 
Sustainable forest management protects the integrity of the ecosystem and the various components of the 
biodiversity (genetic diversity, specific diversity, functional diversity and diversity of ecosystems) for the 
smooth operation of the ecosystem.

Certain indicators in Criterion 4 provide information directly on the state and changes of part of the forest 
biodiversity (direct indicators).

 – Of the trees, first and foremost. Metropolitan French forests have 194 species of trees grouped in 
66 forest species, including 58% broadleaved species and 42% conifers. The number of species is 
stable and there are no records of indigenous forest trees being extinct. Three species, however, are 
considered threatened nationally among the four species assessed in the National Red List (Indicator 
4.8). The genetic diversity of trees is known for being more extensive than that of other animal or plant 
species. In metropolitan France, experts consider it to be stable (the current indicators for Criterion 
4 cannot assess this aspect). The local wealth of forest species is virtually five species on 20 ares 
(Indicator 4.1) and tends to increase regardless of the type of stand (broadleaved or conifer). Similarly, 
since 2006-2009, the wealthiest stands (seven species and more) tend to increase in surface area, 
regardless of the type of stand. The mix rate, conveyed by the proportion of main species (Indicator 
4.1.1), is low and without significant change in the conifer stands (their main species accounts on 
average for 80% of the abundance). It is higher and growing in the broadleaved stands (despite the 
lack of notable trend towards diversification for the large species – beech and pedunculate and sessile 
oak). The current situation seems favorable and is improving in the broadleaved stands. In comparison, 
the mix rate in the stands of main conifer or exotic species remains low and from this point of view, 
there is no sign that the change favors the biodiversity especially

 – Of the other species, subsequently. The state and changes in the forest biodiversity are still little 
known: forest species are only listed for a few taxonomic groups and are missing for groups making a 
major contribution to the diversity of forest species (saproxylic organisms, insects, fungi, bryophytes, 
lichens, micro- and meso-fauna in the soil, etc.). The proportion of threatened forest species (Indicator 
4.8) is assessed partially for a few taxonomic groups on the basis of National Red Lists. The number 
of threatened species among birds, mammals, amphibians and reptiles, the only groups with full 
data available, is 17%, 7% and 8% of species respectively in 2015. It is impossible to comment on the 
changes in Indicator 4.8, as the successive editions of the SMI have been based on different lists to 
assess the forest nature of species.

Other indicators under Criterion 4 provide information on factors likely to influence the forest biodiversity, 
through available habitats which dictate the presence of forest species or certain ecotypes (indirect 
indicators). 

 – The forest areas and therefore the forest habitats are growing (Indicator 1.1), basically through natural 
growth.

 – The metropolitan forests are mainly semi-natural (82% of the total forest area – Indicator 4.3) 
and result from natural expansion or regeneration (76% of production areas – Indicator 4.2): this 
encourages the diversity of forest species and the genetic diversity of stands. There is no noteworthy 
national trend towards increased pressure on the biodiversity through an increase in artificial 
regeneration. 

 – The introduced species (Indicator 4.4) have to be watched over for risks of genetic pollution and 
hybridization of nearby indigenous species. Only a small proportion of forest areas (7%) falls under 
stands where the main species is introduced.

 – The diversity of forest species is linked strongly to the old stages. An estimated two-thirds of forest 
species depend on forest stages beyond the logging age, with a wealth of old and large trees. 
Silviculture tends logically to reduce the proportion of these habitats in logged forests, combined 
with the dimension of timber with market value. Indicator 4.3.1 shows that there are few high forest 
surface areas with very old trees in forests available for wood supply. Nevertheless, the increased 
volumes of growing stock, noted by the Criterion 1 indicators, also involve the large and very large 
trees (Indicator 1.3) which are more likely to offer micro-habitats than the small and medium-sized 
trees;

 – Deadwood (Indicator 4.5) is known for sheltering a quarter of the forest biodiversity in temperate 
forests: its availability and continuity over space and time are decisive factors for the biodiversity. On 
average, our forests have nearly 17 m3/ha lying deadwood and 6 m3/ha standing dead roundwood 
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(values stable since the 2010 edition), but more than 60% of these volumes are made up of timber less 
than 20 cm in diameter; deadwood of more than 25 cm in diameter accounts for 5 m3/ha lying and 
4.5 m3/ha standing. Improving the balance in the volume distribution per diameter class would be a 
good idea in terms of the biodiversity. The volume distribution of lying deadwood per decomposition 
class is more balanced, which encourages the saproxylic biodiversity. Lastly, there are significant 
regional disparities and some large lowland forests show lower-than-average deadwood levels.

 – The large majority of forest areas belong to vast forest massifs (68% of surface areas are part of massifs 
covering more than 100,000 ha, only 9% are in massifs of less than 500 ha): the situation is globally 
favorable to the forest species mobile enough to cross 200 m spaces free of large infrastructures 
between two stands (definition of massif retained for Indicator 4.7). Despite the changes in method, 
Indicator 4.7 suggests a tendency towards aggregation rather than fragmentation of forest massifs.

The forest policy for biodiversity is firstly, to encourage the inclusion of conservation of the biodiversity 
in current forest management and, secondly, to create networks of protected areas or those known as an 
advantage for the biodiversity. 

Thus, the national forest genetic resource conservation policy (Indicator 4.6) relies on:

 – in and ex situ conservation networks of species, which were constructed from 1986 onwards and 
continue to be added to regularly: the National Register of Basic Material includes 98 entities 
representative of the intraspecific diversity of forest trees at national level, with the aim of conserving 
the genetic resources and their dynamics and limiting the risks of alteration of indigenous resources  
by introducing inappropriate planting material. The in situ networks of conservation units have added 
21 conservation units (+ 29%) since 2010. The ex situ conservation collections are updated regularly 
and were supplemented in 2014 with a new Salzmann pine collection. 

 – raising awareness to taking genetic diversity into account in the current management and in the 
protected area networks. 

This goes beyond just genetic diversity: the protected forest areas (Indicator 4.9), with protecting the 
biodiversity as their main goal cover, in 2015, less than 1% of the forest area for class 1.2 of the Ministerial 
Conference for the Protection of Forests in Europe (MCPFE) (minimum intervention) and about 25% for 
MCPFE class 1.3 (active biodiversity management). For species linked to the minimum intervention areas 
(forest specialists, species dependent on deadwood, etc.), the surface areas with long-term protection 
status are very small compared with the total forest area; this justifies linking to other measures for taking 
the biodiversity into account which are less restrictive but over wider areas, for example the measures taken 
to set up belts of old tree and senescent tree blocks. Areas where the goal is to protect landscapes and 
natural elements (class 2) cover nearly a quarter of the national forest area, but these status fall more under 
the multi-functional management directed towards preserving the landscape and natural elements than 
conserving the biodiversity (regional nature parks, national park surrounding areas, biosphere reserves, etc.). 

Authors: Marion Gosselin and Yoan Paillet (Irstea)

Although the Indicators for the Sustainable Management of Metropolitan French Forests are tending globally 
towards the protection of the forest biodiversity, the assessment proposed by the current indicators under 
Criterion 4 is partial and fundamentally indirect. It could usefully be supplemented by introducing national 
direct taxonomic monitoring of the forest biodiversity as well as developing other existing data (temporal 
abundance monitoring of common birds by the National Natural History Museum and forest inventory data 
from the National Institute of Geographic and Forestry Information).

Conclusion
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Criterion indicators
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4.1.1.a. Proportion, in basal area, of the main species in the stand

4.2. Origin and regeneration of forests .......................................................... 191
4.2.a. Origin of current forests, per ownership category

4.2.b. Origin of current forests, per large ecoregion 

4.2.c. Estimation of artificial afforestation and regeneration and natural 
expansion and regeneration occurring every year (from felling types 
and original stands)

4.3. Origin and natural character of forests ................................................... 196
4.3.a. Origin (or natural character) of current forests, per type of stand

4.3.1. Very old dominant stands ...................................................................... 198
4.3.1.a. Surface area, per main species, of regular high forest where the 

dominant stage has very old trees

4.3.1.b. Surface area, per main species, of stands (all structures together) where 
the dominant stage has very old trees 

4.4. Nativeness of forest species ...................................................................... 201
4.4.a. Surface areas occupied by the native and non-native species

4.5. Deadwood .................................................................................................... 203
4.5.a. Volume per hectare of lying deadwood and standing dead trees, per type 

of stand and ownership category

4.5.b. Volume per hectare of lying deadwood and standing dead trees, per type 
of stand and diameter class

4.5.c. Volume per hectare of lying deadwood and standing dead trees, per 
extent of decomposition and diameter class 

4.5.d. Geographical breakdown of the volume per hectare of lying deadwood



  183

4.6. Genetic diversity of trees ........................................................................... 208
4.6.a. Conservation units in situ and conservation plantations ex situ

4.6.b. Breakdown of conservation units in situ

4.6.c. National collections ex situ (clone conservatories)

4.6.d. Stands bred for harvesting seeds

4.6.e. Seed orchards (“qualified” and “tested” categories)

4.6.f. “Mixed clone” varieties (“qualified” category)

4.6.g. Tested clones

BOX 4: National Forest Genetic Resource Conservation Program (RGF)

4.7. Fragmentation of forest massifs .............................................................. 214
4.7.a. Distribution of the number and surface area of forest massifs, per class of 

surface area

4.7.b. Localization of massifs per class of surface area

4.8. Threatened forest species ......................................................................... 218
4.8.a. Total number of species found in forests and threatened in metropolitan 

France (includes forest species groups 1 and 2)

4.8.b. Number of strictly forest species and threatened in metropolitan France 
(Group 1)

4.8.c. Number of not strictly forest species found frequently in forests and 
threatened in metropolitan France (Group 2)

4.9. Forests and woodeed lands protected 
for the biodiversity ............................................................................................. 222

4.9.a. Surface areas of protected forests and wooded heathlands (MCPFE 
categories 1 and 2) for the biodiversity

BOX 5: Original definition of protection categories as per the process of 
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n Results 

4.1. Local specific richness of forest species 

Purpose of the indicator
This indicator assesses the average number of forest tree species at a scale of 20 ares per type of stand 
(4.1.a), ownership (4.1.b) or large ecoregion (4.1.c). It measures the local richness* in forest species.

It thus provides information directly on one component of the diversity of forests. Indirectly, it can provide 
information on the diversity of other compartments in the biodiversity: the local richness of species normally 
has a positive influence on the local diversity of other taxonomic groups. The local wealth of species 
results from both the choice of management and the local context. Variations in this indicator can provide 
information on the effect of forestry actions and also on ecological dynamics.

4.1.a. Average local wealth of forest species, per large type of stand
4.1.a.1. Average local wealth of forest species, all stands

4.1.b. Average local wealth of forest species, per type of ownership
4.1.c. Average local richness of forest species, per large ecoregion

 4.1.a. Average local wealth of forest species, per large type of stand

2006-2009
Broadleaved stands Conifer stands Mixed stands Total

Number of forest species 
eligible for inventory in the stand Surface area

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

1 species 520 ± 37 6 725 ± 44 23 0 1,245 ± 57 9
2 species 871 ± 48 9 669 ± 44 21 100 ± 18 6 1,640 ± 66 12
3 species 1,342 ± 58 14 600 ± 40 19 221 ± 25 14 2,162 ± 73 15
4 species 1,474 ± 61 16 451 ± 34 14 268 ± 27 17 2,193 ± 73 16
5 species 1,431 ± 59 15 302 ± 28 10 240 ± 25 15 1,974 ± 68 14
6 species 1,229 ± 55 13 189 ± 22 6 226 ± 24 15 1,643 ± 63 12
7 species 925 ± 47 10 91 ± 16 3 164 ± 21 11 1,180 ± 53 8
8 species 658 ± 40 7 49 ± 11 2 129 ± 18 8 837 ± 45 6
9 species 416 ± 33 4 n.s. 86 ± 15 6 524 ± 36 4
10 species and more 468 ± 35 5 n.s. 117 ± 18 8 602 ± 40 4
Total 9,334 ± 110 100 3,114 ± 81 100 1,551 ± 62 100 13,999 ± 107 100
Average number of species eligible for 
inventory

5.0 3.1 5.6 4.7
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 4.1.a.1. Average local wealth of forest species, all stands

Source: IGN, national forest inventory
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, excluding 
stands not eligible for inventory, campaigns 2008-2012
Clarifications:
The number of species eligible for inventory in the stand 
is here the number of species with individuals eligible for 
inventory (more than 7.5 cm in diameter at 1.3 m tall) in the 
quadrat of 20 ares (observation quadrat of stand cover); it 
involves the observation quadrat which is most available. 

* The “specific richness” is the number of species in a given space. Indicator 4.1 gives information on the number of forest tree species in the forest inventory 
quadrats. The idea here will be to link up with the ecological notion mentioned above of “local richness of forest species” (as here several sub-species can be 
combined in one species).

10 species and more

9 species

8 species

7 species

6 species

5 species

4 species

3 species

2 species

1 specie
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14 %
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2008-2012
Broadleaved stands Conifer stands Mixed stands Total

Number of forest species 
eligible for inventory in the stand Surface area

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

1 species 452 ± 32 5 636 ± 39 21 0 1,087 ± 50  8   
2 species 784 ± 43 8 625 ± 40 20 104 ± 17 6 1,514 ± 60  11   
3 species 1,316 ± 55 14 599 ± 38 19 236 ± 25 14 2,151 ± 69  15   
4 species 1,496 ± 58 15 467 ± 33 15 256 ± 25 16 2,218 ± 69  15   
5 species 1,470 ± 56 15 330 ± 28 11 252 ± 24 15 2,052 ± 66  14   
6 species 1,310 ± 53 14 206 ± 21 7 229 ± 23 14 1,745 ± 60  12   
7 species 1,005 ± 46 10 115 ± 16 4 172 ± 20 10 1,292 ± 52  9   
8 species 755 ± 40 8 57 ± 11 2 143 ± 18 9 955 ± 45  7   
9 species 490 ± 33 5 32 ± 9 1 87 ± 14 5 609 ± 36  4   
10 species and more 587 ± 35 6 n.s. n.s. 169 ± 19 10 777 ± 40  5   
Total 9,666 ± 106 100 3,088 ± 77 100 1,647 ± 60 100 14,401 ± 103 100
Average number of species eligible for 
inventory

5.2 3.3 5.6 4.9

Source: IGN, national forest inventory
Forest estates and time domains involved:
Years 2006-2009: forest available for wood supply, excluding stands not eligible for inventory, campaigns 2006-2009
Years 2008-2012: forest available for wood supply, excluding stands not eligible for inventory, campaigns 2008-2012
Clarifications:
The number of species eligible for inventory in the stand is here the number of species with individuals eligible for inventory (more than 7.5 cm in diameter at 1.3 m tall) 
in the quadrat of 20 ares (observation quadrat of stand cover); it involves the observation quadrat which is most available. 
The “broadleaved stand” qualification relates to more than 75% cover of broadleaved species, “mixed stands” between 25% and 75% of broadleaved species and “co-
nifer stands” less than 25% of broadleaved species. 
n.s. : data insignificant
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 4.1.b. Average local wealth of forest species, per type of ownership

 4.1.c. Average local richness of forest species, per large ecoregion

Source: IGN, national forest inventory
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, excluding stands not eligible for inventory, campaigns 2008-2012
Clarifications: 
The number of species eligible for inventory in the stand is here the number of species with individuals eligible for inventory (more than 7.5 cm in diameter at 1.3 m tall) 
in the quadrat of 20 ares (observation quadrat of stand cover); it involves the observation quadrat which is most available. 

Source: IGN, national forest inventory
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, excluding stands not eligible for inventory, campaigns 2008-2012
Clarifications: 
The number of species eligible for inventory in the stand is here the number of species with individuals eligible for inventory (more than 7.5 cm in diameter at 1.3 m tall) 
in the quadrat of 20 ares (observation quadrat of stand cover); it involves the observation quadrat which is most available. 
No account is taken of species not eligible for inventory which can sometimes be substantial (for example, in the Mediterranean). 
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With 4.9 species per stand on average, the metropolitan 
forests have stands with a fairly high wealth of species 
(4.1.a). The average in conifer stands is more than three 
tree species (3.3) – conifer and others – whilst it is over 
five in the broadleaved or mixed stands (5.2 and 5.6 
respectively). There are very few broadleaved stands 
with only one tree species (5%) whilst this occurs more 
frequently in conifer stands (21% of surface areas). 
Conversely, stands with seven tree species and more 
account for 34% of mixed stands, 26% of broadleaved 
stands and 7% of conifer stands.
 
This wealth is roughly identical on average regardless 
of the types of ownership (4.1.b): 4.9 for private or 
municipal forests, 4.3 for State-owned forests. The 
surface area covered by stands with a single tree 
species is proportionally slightly larger in private 
forests than in public ones (the Landes de Gascogne 
massif plays a major part in this result), but as a whole 
these stands are in the large minority (8% in private 
forests and 6% in public forests). The surface areas 
with seven tree species or more comprise more than 
a quarter of private forest areas, nearly a quarter 
of municipal forests and only 12% of State-owned 
forests. Municipal forest management methods may 
explain these differences; for many years they focused 
on coppices-with-standards, thereby encouraging a 
diversified composition of covers, whereas the State-
owned forests inherit a long tradition of high-forest 
management, often with few mature species, due to 
forestry choices preferring to target one species to the 
detriment of companion species. Other differences 
can help to explain this lower average in State-owned 
forests; for example, broadleaved high forests which 
feature heavily in State-owned forests are managed 
on long cycles, which automatically limits the surface 
areas with young stands. Young stands from natural 
regeneration are often more diverse than adult stands 
as only over time are they subjected to forestry choices 

focusing the cover composition on species targeted 
as management goals. The fact that certain public 
forests lie in highly-restrictive soil-climate conditions 
(altitude) leads to an accumulation of old stands (as 
difficult to access for logging) which are frequently the 
result of monospecific afforestation under anti-erosion 
operations (restoring mountain lands). Despite this 
difference in average, State-owned forests have very 
little surface area with a single tree species (6%).

The average species diversity has been calculated per 
large ecoregion (4.1.c) and appears most extensive in 
the forests of north-eastern France. On the other hand, 
this average diversity is only 3.4 in the Mediterranean 
GRECO. This must be tempered by the fact that some 
Mediterranean species rarely reach the eligible for 
inventory threshold.

There are several possible phenomena to explain 
changes in the wealth of species over time: 
management decisions (choice of target and support 
species) or management hiatus (for example, logging a 
planted species not followed by artificial reforestation, 
etc.), increased mortality of a dominant species 
(parasite, climate stress, etc.). Forests colonizing 
spontaneously into spaces abandoned by agricultural 
crops and livestock can also contribute to the seeming 
rise in recent times (see 1.2.3). The wealth of species 
is an ecological advantage; the large proportion 
of naturally-regenerated forests in France could 
contribute to this high level of diversity (see Indicator 
4.2). It can be a significant advantage for managers in 
a context of climate change. However, the local wealth 
of species is not enough to assess the local diversity 
of forest stands: the abundance and dominance of 
different species are major additional notions targeted 
by Indicator 4.1.1 on the proportion of the main 
species in the constitution of the basal area of the 
stand. 

n Analysis
French metropolitan forests are characterized by an average local wealth of 4.9 species per stand for the entire forest 
territory. The stands with the greatest number of species are the mixed stands (4.6 species), following by the broadleaved 
stands (5.2) and lastly the conifer stands (3.3). As the broadleaved and mixed stands cover by far the largest surface area, 
French forests have globally a relatively high local wealth of tree species due to soil-climate conditions which generally 
favor good diversity (major soil-climate constraints are limited in surface area). The distribution of the surface areas of 
private forests and non-State-owned public forests is based on the number of species near to each other whilst State-
owned forests stand out for their lower proportion of surface areas with six species or more. The forests in the East of 
France seem to have the greatest number of species. 
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 Producer of data
National Institute of Geographic and Forestry Information (IGN) – <http://inventaire-forestier.ign.fr>

  Methodology 
Reliability and use precautions, in conjunction with the methodological limits and available data 

The number of species eligible for inventory in a quadrat is calculated from the cover observation quadrat 
(25 m radius, i.e. 20 ares); all species with individuals eligible for inventory in this quadrat are counted regardless of 
the species cover rate. In addition, the number of species would be increased if the reading was taken on a larger 
quadrat. The size of the quadrat therefore in fact limits the number of species counted.

The average number of species is an average weighted by the surface areas with 1, 2, ..., 10 species (this is not the 
median, which would give the number of species with as many stands with fewer species than stands with more). 
When there are significant figures for ten and more, the value ten is considered when calculating the average, thus 
under-estimating the result of the average. In addition, there are insignificant figures in the tables per GRECO, with 
some GRECO showing few surface areas with 1, 2 or, on the contrary, 7 to 10 species). As the average figure does 
not have its own confidence interval, this average figure should be used with the necessary objectivity.

For details on the inventory method: 

- IGN, 2014. Results of the forestry 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).

n Data sources and methodology

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

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
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4.1.1. Proportion in basal area of the main species

Purpose of the indicator
Indicator 4.1.1.a assesses the proportion of the main species in the total basal area at the scale of the 7-ares 
quadrat (15 meter radius). 
This is an abundance indicator relating to the main species. It conveys the trend towards the mix of different 
species recorded in the stands. In a pure stand, the percentage of main species in the total basal area of the 
stand will be 100. The more the stand is mixed, the more this proportion will drop. It is a direct indicator of 
the local diversity of tree species (local relative abundance of the main species) and complements Indicator 
4.1 (relating to the local wealth). Variations in this indicator can provide information on the diversification or 
homogenization dynamics of stand composition. The relative abundance of the main species and the extent 
to which the stand is mixed are also linked, but in variable fashion, to the biodiversity of other taxonomic 
groups.

4.1.1.a. Proportion, in basal area, of the main species in the stand

 4.1.1.a. Proportion, in basal area, of the main species in the stand

1981 1986 1991 1996
2006-
2009

2008-
2012

Main species 
(cover)

Proportion of the main species in the basal area all species 
(% purity)

Pedunculate oak
63 62 62 59

60 58
Sessile oak 65 65
Beech 69 68 67 67 66 67
Chestnut 80 80 79 79 72 72
Pubescent oak 86 86 85 83 75 75
Hornbeam 57 57 56 55 50 52
Cultivated poplar n.a. n.a. n.a. n.a. 78 75
Common ash 48 49 49 48 48 49
Birch trees 59 58 58 58 49 51
False acacia 71 73 71 71 62 62
Holm oak 85 86 85 84 78 78
Aspen 50 49 49 46 48* 46*
Large alder 75 73 74 74 64 62
Large maple 43 43 45 45 46* 44
Small maples 50 49 46 47 52* 43*
Cherry or wild cherry 42 41 40 41 53* 42*
Lime tree 49 49 46 48 45* 45*
Other broadleaved 
species

65 64 64 63 71 71

Total broad-leaved 66 66 65 64 64 64
Common spruce 75 77 77 78 79 78
Silver fir 76 76 75 75 75 73
Scots pine 77 76 75 74 79 78
Maritime pin 86 87 86 87 89 89
Douglas fir 79 82 82 81 82 83
Corsican pine 82 81 82 83 85 84
Austrian pine 83 82 82 82 82 82
European larch 79 80 79 79 80 81
Aleppo pine 75 75 75 72 88 83
Other conifer species 80 80 80 80 82 81
Total conifers 79 79 79 79 81 80

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
Years 2006-2009: forest available for wood supply, 
campaigns 2006-2009
Years 2008-2012: forest available for wood supply, 
campaigns 2008-2012
Clarifications:
The basal area is only calculated on trees eligible for 
inventory (quadrat with 15 m radius, 7 ares).
The main species is the one with the most extensive 
free cover in terms of trees eligible for inventory 
(quadrat with 25 m radius, 20 ares) or failing that 
trees not eligible for inventory (quadrat with 15 m 
radius, 7 ares).
n.a. : data not available
Warnings:  
Under the old method (to the left of the vertical red 
line), in the mixed high forest and coppice stands, the 
main species was that of the high forest layer. Under 
the new method (to the right of the vertical red line), 
in all the structures, the main species is determined 
on all layers. Values between the old and new 
methods cannot therefore be compared, especially 
for the species which are frequently coppiced.

* For certain, infrequent species, the basal area 
estimation is fairly inaccurate (confidence interval > 
30%) under the new method; ideally, it is preferable 
not to interpret the changes noted which relate to 
too few trees.

n Results 
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Stands with a broadleaved main species are less 
pure (64%) than stands with a conifer main species 
(80% in 2010). Only three broadleaved main species 
have a proportion higher than 72% in the basal area 
(chestnut, pubescent oak and holm oak), suggesting 
relatively pure stands, whereas the most mixed conifer 
stands have a rate of 73% (silver fir). As the methods 
for defining the main species have changed, pre- and 
post-2005 results cannot be compared. Nevertheless, 
the mix rates are stable from 1981 to 1996. 

What factors can alter the species purity?

Variations in purity can be induced by forest 
management decisions: marking a target species or, on 
the contrary, aiming to diversify species. Variations may 
also be caused by natural processes, for example: 

 – linked to the silvigenetic cycle: as a stand ages, 
long-cycle species tend to dominate the species 
with a shorter lifespan (possible homogenization 
in regular high forest), 

 – after a disturbance (logging, storm, fire, etc.), 
the dominant cover can be replaced by a cover 
with a different composition, either more 
homogeneous – planting – or less homogeneous 
– spontaneous recolonization or irregularized 
high forest,

 – in conjunction with agricultural abandonment: 
forest created by spontaneous recolonization 
after agricultural abandonment can contribute 
to changes in composition in less homogeneous 
basal areas. 

n Analysis
On average, the stands with a broadleaved main species have a higher mix rate than the stands with a conifer main 
species: proportion of the main species in the total basal area of 64% and 80% respectively.

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

  Methodology 
Purity calculation: purity is a ratio between two basal area values (each one with a confidence interval); the 
confidence interval is not calculated for this ratio, but if it was, a certain number of values would probably not 
have been published. A star was used to indicate the values where the basal area of the species had a confidence 
interval higher than 30% to point out the less reliable values.

Changes in method in the period

 – Poplar plantations were incorporated into the “total broad-leaved” category from 2005. This had little impact 
on the results (tending to reduce the diversity).

 – Under the old method, in the mixed high forest and coppice stands, the main species was the main one in 
the high forest layer. Under the new method, the main species is determined on all layers. Values between 
the old and new methods cannot therefore be compared, especially for the species which are frequently 
coppiced.

For details on the inventory method: 

 – IGN, 2014. Results of the forestry 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).

n Data sources and methodology

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

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
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4.2. Origin and regeneration of forests

Purpose of the indicator
The indicator gives, per category of ownership (4.2.a) and per large ecoregion (4.2.b) information on the 
origin of the existing stands:

1) natural expansion and regeneration, 
2) artificial afforestation and regeneration,
3) rejuvenation of coppices. 

In addition, Table 4.2.c brings in the surface areas which, every year: 
1) are regenerated or become forest naturally,
2) are regenerated or become forest artificially.

In terms of the biodiversity, and apart from failures of natural regeneration, inappropriateness of the 
previous species to the site conditions or the current climate change, situations justifying artificial 
regeneration and natural regeneration or expansion generally encourage the biodiversity. In addition, 
the young stands which appear every year are generally favorable, open environments for the diversity of 
outlying forest or non-forest species of plants, birds and insects and less favorable for the soil fauna and 
specialist forest species relating to the old stages of birds, insects and bryophytes.

4.2.a. Origin of current forests, per ownership category
4.2.b. Origin of current forests, per large ecoregion 
4.2.c. Estimation of artificial afforestation and regeneration and natural expansion and regeneration occurring 

every year (from felling types and original stands)

Warning: The annual regeneration measurement applied 4.2.c is indirect: it assumes that all stands felled during a 
period of less than five years are in fact regenerated. This does not count regeneration failures, potential conversion 
into heathland or human influence. Therefore, unlike 4.2.a, surface areas are slightly over-estimated.



Biological diversity of forests

192

Criterion 4 

 4.2.a. Origin of current forests, per ownership category

2008-2012

Ownership 
categories Origin of stands Surface area

1000 ha
 % for each 

ownership category 
and for the total

State-owned forests
Stands from natural expansion and regeneration  1,174  ±  n.a. 83
Stands from artificial expansion and regeneration  195  ±  n.a. 14
Stands from rejuvenating coppices  47  ±  11 3

Other public forests
Stands from natural expansion and regeneration  1,961  ±  n.a. 82
Stands from artificial expansion and regeneration  269  ±  n.a. 11
Stands from rejuvenating coppices  160  ±  18 7

Private forests
Stands from natural expansion and regeneration  8,706  ±  n.a. 74
Stands from artificial expansion and regeneration  1,607  ±  n.a. 14
Stands from rejuvenating coppices  1,488  ±  58 13

Total

Stands from natural expansion and regeneration  11,841  ±  n.a. 76
Stands from artificial expansion and regeneration  2,071  ±  n.a. 13
Stands from rejuvenating coppices  1,695  ±  62 11
Total forests available for wood supply  15,607  ±  99 100

Source: IGN, national forest inventory
Forest estates and time domains involved: 
Years 2008-2012: forest available for wood supply, campaigns 2008-2012
Clarifications: As a combination of data from the inventory is required to complete the categories, the data confidence intervals cannot be calculated for all the 
categories (they are then marked n.a.).
n.a. : data not available

n Results 
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Source: IGN, national forest inventory
Forest estates and time domains involved: 
Years 2008-2012: forest available for wood supply, campaigns 2008-2012
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 4.2.b. Origin of current forests, per large ecoregion 
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 4.2.c. Estimation of artificial afforestation and regeneration and natural expansion and regeneration 
occurring every year (from felling types and original stands)

Origin of existing stands per type of ownership

Stands mainly occur naturally in France: 76% of surface 
areas (4.2.1). Coppices are exceptional in State-owned 
forests (3%), whereas they account for 7% and 13% 
of municipal and private forest areas respectively. 
Another interesting point is that the proportion 
of stands created by artificial afforestation and 
regeneration (4.2.a) is the same in both State-owned 
and private forests (14%). This proportion is only 11% 
in municipal forests. As most State-owned forest stands 
are ungrafted, this would seem to favor the supply 
of construction timber; in private forests, by default 
conversion into high forest or by choice, the proportion 
of original coppices is higher than in public forests 
and it is possible that fuelwood production remains 
important for some owners as well as being a leftover 

from past management. In private forests, stands 
created artificially by old afforestation operations in 
the Landes de Gascogne and the Sologne are still 
mainly regenerated artificially. In terms of stands 
financed post-war by the National Forestry Fund (FFN), 
it will be interesting to see how they are regenerated as 
and when they are harvested.
Without distinction in type of ownership, the planted 
species accounting for more than 100,000 ha are in 
decreasing order of surface area the maritime pine, 
Douglas fir, spruce, cultivated poplar and Corsican 
pine.

Origin of existing stands per large ecoregion

Although the vast majority of French forests have 
been created by natural regeneration or expansion, 

n Analysis
The current forest stands basically originate from natural expansion or regeneration (76% of surface areas); stands 
created by artificial afforestation or regeneration account for 13% of surface areas and coppice stands for 11%. Natural 
regeneration seems all the greater in regions that have been forest for a long time (East of France and mountain areas); 
conversely, there is more artificial regeneration in the West of France.  Renewal by rejuvenating coppices is rarely found 
in State-owned forests and far more in private forests. It is also found more extensively in regions where quality wood 
supply is difficult (Corsica, Mediterranean). 

2006-2009 2008-2012

Type of regeneration Main species Surface area

1000 ha % 1000 ha %

Artificial afforestation and regeneration
Broadleaved main species 13 14
Conifer main species 15 15
Total 27 29 29 27

Natural expansion and regeneration,
Broadleaved main species 53 60
Conifer main species 15 18
Total 68 71 79 73

Total
Broadleaved main species 66 69 74 69
Conifer main species 29 31 34 31
Total 95 100 109 100

Source: IGN, national forest inventory
Forest estates and time domains involved: 
Years 2006-2009: forest available for wood supply, campaigns 2006-2009
Years 2008-2012: forest available for wood supply, campaigns 2008-2012
Clarifications: Including rejuvenation of coppices. Including momentarily deforested stands: distribution of their surface areas in broadleaved or conifer main species 
according to the proportions noted for the wooded stands.
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regional disparities do exist (4.2.b). Stands from 
natural regeneration or expansion reach 80% to 
100% in mountain regions and in the North and Est of 
France, whereas this figure is between 60% and 70% of 
surface areas in the other regions. The Central-North 
semi-oceanic, East semi-continental, Vosges, Jura, 
Pyrénées and Alps are areas where forests have stood 
for centuries or where they have been planted since 
1850 to combat mountain soil erosion. Coppice stands 
in Corsica and Mediterranean account for a fairly high 
proportion (25% and 34% respectively compared 
with the national average of 11%). Lastly, the regions 
with more planted stands are the West crystalline and 
oceanic, South-West oceanic and Massif central (23%, 
21% and 21% respectively). 

Annual regeneration and expansion

Stands are basically renewed by natural regeneration 
(70% approximately of surface areas renewed every 
year) (4.2.c). Between 2006-2009 and 2008-2012, the 
regenerated surface areas seem* to increase from 
10,000 to 15,000 ha/year approximately, basically 
through natural expansion and regeneration, perhaps 
due to renewals of stands affected by the storms. 
In this table, coppice rejuvenation has not been 
separated out and coppices are therefore basically 
incorporated into the natural regeneration. 

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

  Methodology 

4.2.a and 4.2.b: Natural or artificial regeneration and expansion areas are obtained by distinguishing between 
plantation and other stands and then by subtracting these surface areas from those with a coppice structure. 

4.2.c: The table shows the results of a combination of data. For this reason, the confidence intervals for the values 
have not been calculated. The data used are the type of plantation, cutting details, main species and the wooded 
or momentarily deforested nature of the stand. These data are indirect measurements of the regeneration which 
do not take account of failures to regenerate and convert into heathland which could ensue, nor the human 
influence on soils. In addition, momentarily deforested stands are not considered separately and are split between 
broadleaved and conifer main species pro rata to the distribution seen for the other stands; rejuvenation of 
coppices is not isolated and is mainly included in the natural regeneration.

For details on the inventory method: 

- IGN, 2014. Results of the forestry 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).

n Data sources and methodology

Author: Ingrid Bonhême (IGN)

* This is conditional as the value confidence intervals are not available for this table which combines several types of data.

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
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4.3. Origin and natural character of forests
4.3.a. Origin (or natural character) of current forests, per type of stand

Purpose of the indicator
This indicator splits the forest areas into semi-natural forests, plantations or forests undisturbed by humans; 
however, the available information cannot quantify the surface area of forests undisturbed by humans or 
give the semi-natural/plantation forest split for forests other than those available for their wood supply 
(which accounts for 5% of French forests as defined by the National Forest Inventory).

Forest Europe defines forests undisturbed by humans as forests with natural dynamics in terms of 
composition of species, abundance of deadwood, structure of age classes and regeneration process. The 
surface area in question must be large enough and the lack of direct human disturbance old enough to 
produce the natural silvigenetic cycle. Plantation forests are those established by planting or seedling They 
are made up of introduced or indigenous species. Semi-natural forests belong to neither of the two previous 
categories. 

The indicator therefore provides information on the natural quality of the metropolitan forests.

Warning: This table is very similar, through the categories and data used, to tables 4.2.a and 4.2.b, 
given that the origin by coppice rejuvenation is not isolated here (it is almost exclusively included in the 
semi-natural forest category). In addition, the percentages here relate to the entire French forest area (vs the 
percentage of the forest available for wood supply in Indicator 4.2).

 4.3.a. Origin (or natural character) of current forests, per type of stand
2007 2008-2012

Forest estate Natural character Type of stand Surface area

1000 ha
 % of the 

entire 
forest

1000 ha
 % of the 

entire  
forest

Forest available for 
wood supply

Forests undisturbed by humans All stands   n.a.   n.a.   n.a.   n.a. 

Semi-natural forests

Broad-leaved  9,470 ±  210 59  9,704 ±  107 59
Conifers  2,278 ±  135 14  1,992 ±  65 12
Mixed  1,362 ±  122 9  1,444 ±  57 9
Indeterminate  365 ±  69 2  394 ±  34 2
All semi-natural forests  13,473 ±  213 84  13,533 ± 108 82

Plantations

Broad-leaved  418 ±  210 3  443 ±  29 3
Conifers  1,096 ±  135 7  1,323 ±  53 8
Mixed  213 ±  44 1  262 ±  24 2
Indeterminate  n.s.   n.s.  45 ±  11 0
Total plantations  1,768 ±  121 11  2,073 ±  64 13

Total forest available for wood supply  15,243 ±  192 95  15,607 ±  99 95

Other forests

Forests undisturbed by humans   n.a.   n.a.   n.a.   n.a. 

Semi-natural forests   n.a.   n.a.   n.a.   n.a. 

Plantations   n.a.   n.a.   n.a.   n.a. 

All other forests  777  ±  100 5  811 ± 45 5
Total entire forest  16,019  ±  191 100  16,418 ±  94 100 

n Results 

Source: IGN, national forest inventory
Forest estates and time domains involved: 
Year 2007: forest available for wood supply and other forests, campaign 2007
Years 2008-2012: forests available for wood supply and other forests, campaigns 
2008-2012

Clarifications: Undisturbed forests can exist in metropolitan France; the forest 
inventory does not record this information in the quadrats inspected (forest 
available for wood supply) and even less in forests not inspected in the field 
(other forests). It is therefore information which is not available (n.a.).
n.s. : data insignificant
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The 13.5 million hectares of semi-natural forests in the 
forest available for wood supply account for 82% of the 
total surface area of metropolitan forests. Plantations 
cover 2 million hectares and 13% of the forest area. 
The other forests where all harvesting is excluded 
account for 5% of entire French forest area. Some 
forests included in this category are not necessarily 
“undisturbed by humans” (military land or recent strict 
biological reserves, for example). 

The estimated percentage of semi-natural forests 
in Europe (EU-27) is 88% against 8% for plantation 
forests and 4% for forests undisturbed by humans. The 
split between semi-natural and plantation forests is 
therefore fairly similar between France and the average 
of European countries (Forest Europe, 2011).

The metropolitan semi-natural forests available for 
wood supply are very largely broadleaved (9.7 million 
hectares) and far fewer conifer (2 million hectares) or 
mixed (1.4 million hectares). Conversely, plantations 
are very largely conifer: 1.3 million hectares (65%) 
against 0.4 million hectares for the broadleaved (22%) 
and 0.25 million hectares for the mixed (13%). There 
are no significant variations between 2007 and 2010 
except for the conifers which experienced a significant 
increase in their planted areas, of about 0.2 million 
hectares, and conversely a drop in their semi-natural 
forest areas, by about the same amount. 

n Analysis
The vast majority of forests in metropolitan France are semi-natural (82% of the total forest area), plantations account for 
13% of surface areas and all timber harvesting is excluded on 5% of the forest area (strict biological reserves, inaccessible 
military land, logging physically impossible due to inaccessibility). Forests undisturbed by humans may exist, but they 
cannot currently be quantified; they may be outside the forest available for wood supply (timber harvesting excluded) or 
in a forest available for wood supply in sectors difficult to access.

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

  Methodology 

For forest available for wood supply: 
 – the table is obtained by calculating the surface areas per type of stand (broad-leaved, conifer, mixed), on the 

layer eligible for inventory when the stand is eligible for inventory and on the stands not eligible for inventory 
when the stand is not eligible for inventory. 

 – the planted or non-planted nature is available in both the stands eligible and not eligible for inventory. 
Planted surface areas can be under-estimated as the old plantations are sometimes difficult to identify as such 
in the field. 

It is impossible to distinguish how natural are forests not available for wood supply and only their surface area is 
known. 

The natural or artificial character of forests can only be assessed in forests available for wood supply as they alone 
are inspected in the field by the forest inventory. However, the “undisturbed by humans” trait is not recorded in the 
field and the surface areas relating to this category are therefore not defined. In the SMI 2010 edition, information 
on the surface area of forests undisturbed by humans had been provided on the basis of relatively old and out-of-
date expert say-so. It was decided not to bring forward the old value to this edition and to indicate that the surface 
area of undisturbed forest was unknown.

For details on the inventory method: 
- IGN, 2014. Results of the forestry 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
Forest Europe, Unece, FAO, 2011. State of Europe's Forests 2011, Status and trends in Sustainable Forest Management 
in Europe, 337 p.

n Data sources and methodology

Author: Ingrid Bonhême (IGN)

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
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4.3.1. Very old dominant stands
4.3.1.a. Surface area, per main species, of regular high forest where the dominant stage has very old trees
4.3.1.b. Surface area, per main species, of stands (all structures together) where the dominant stage has very old trees 

Purpose of the indicator
This indicator assesses the surface areas of stands where the dominant stage has very old trees in regular 
high forest (4.3.1.a) and in all structures (4.3.1.b). The age considered is the average age of the two largest 
trees of the dominant tree species (the most represented in the dominant sub-stand).

The appeal of this indicator is that very old trees are likely to constitute specific forest habitats for many 
species. 

 4.3.1.a. Surface area, per main species, of regular high forest where the dominant stage has very old 
trees

1981 1986 1991 1996 2006-2013
Species
(main)

Limit age 
considered Surface area

ha

 % of the 
surface 

area of the 
species

ha

 % of the 
surface 

area of the 
species

ha

 % of the 
surface 

area of the 
species

ha

 % of the 
surface 

area of the 
species

ha

 % of the 
surface 
area of 
the spe-

cies
Pedunculate oak 180 years 13,800 3 14,900 3 12,800 2 10,300 1  22,900 ±  5,300 1
Sessile oak 240 years 700 0 900 0 700 0 400 0  n.s. (< 7,000ha) n.s.
Pubescent oak 150 years 3,800 3 5,200 4 6,800 4 7,800 5  17,900 ±  5,300 1
Holm oak* 200 years 1,800 13 700 6 700 6 700 6  -  -
Cork oak 120 years 4,600 8 4,200 7 4,200 7 5,100 10  n.s. (< 8,000ha) n.s.
Beech 180 years 30,700 5 35,800 5 29,000 4 30,800 4  48,900 ±  8,000 4
Chestnut 150 years 23,900 20 17,200 15 17,800 15 16,500 14  n.s. (< 15,000ha) n.s.
Common ash 120 years 4,600 7 5,500 6 6,900 5 7,000 4  20,800 ±  5,500 3
Large alder 70 years 3,500 25 2,500 24 2,200 23 2,600 20  n.s. (< 15,000ha) n.s.
Aspen 70 years 1,600 17 1,100 12 1,400 16 1,100 11  n.s. (< 12,000ha) n.s.
Birch trees 50 years 9,400 39 10,500 54 11,200 53 15,000 56  27,600 ±  5,900 9
Lowland fir 160 years 0 0 0 0 100 0 0 0  n.s. (< 2,000ha) n.s.
Lowland spruce 160 years 0 0 200 0 200 0 100 0  n.s. (< 3,000ha) n.s.
Mountain fir 200 years 11,200 3 12,400 4 11,800 3 11,300 3  n.s. (< 12,000ha) n.s.
Mountain spruce 200 years 10,200 3 9,400 2 8,900 2 9,900 2  n.s. (< 9,000ha) n.s.
Maritime pin 140 years 900 0 800 0 900 0 1,400 0  n.s. (< 4,000ha) n.s.
Scots pine 200 years 2,000 0 1,500 0 1,300 0 1,200 0  n.s. (< 2,500ha) n.s.
Corsican pine 200 years 1,900 2 2,100 2 2,000 2 2,000 2  n.s. (< 3,000ha) n.s.
Mountain pine 150 years 7,400 15 7,400 15 7,400 15 5,800 12  n.s. (< 5,000ha) n.s.
European Larch 200 years 9,000 11 8,700 10 8,700 10 10,700 11  n.s. (< 10,000 ha) n.s.
Total 141,000 3 141,000 3 135,100 2 139,800 2  n.a. n.a.

n Results 

Data sources: 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
Years 2006-2013: forest available for wood supply, campaigns 2006-2013

Clarifications: 
* Surface under-estimated in 1986, 1991 and 1996 due to a lack of inventory on 
the ground of certain wooded areas in the Mediterranean region. 
The age thresholds are identified on expert say-so.
n.a. : data not available; n.a. : data insignificant
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 4.3.1.b. Surface area, per main species, of stands (all structures together) where the dominant stage has 
very old trees 

2006-2013
Main species Limit age considered Surface area

ha  % of the surface area of the species

Pedunculate oak 180 years  37,800  ±  6,900 2
Sessile oak 240 years  n.s. (< 8,000ha) n.s.
Pubescent oak 150 years  47,100  ±  8,900 3
Holm oak 200 years  n.s. (< 11,000ha) n.s.
Cork oak 120 years  n.s. (< 19,000ha) n.s.
Beech 180 years  66,000  ±  9,600 5
Chestnut 150 years  28,600  ±  6,800 4
Common ash 120 years  32,200  ±  7,000 5
Large alder 70 years  27,200  ±  6,300 17
Aspen 70 years  20,200  ±  5,200 20
Birch trees 50 years  89,200  ±  10,800 29
Lowland fir 160 years  n.s. (< 2,000ha) n.s.
Lowland spruce 160 years  n.s. (< 3,000ha) n.s.
Mountain fir 200 years  16,700  ±  4,700 3
Mountain spruce 200 years  n.s. (< 14,000ha) n.s.
Maritime pin 140 years  n.s. (< 6,000ha) n.s.
Scots pine 200 years  n.s. (< 4,000ha) n.s.
Corsican pine 200 years  n.s. (< 7,000ha) n.s.
Mountain pine 150 years  n.s. (< 12,000ha) n.s.
European Larch 200 years  n.s. (< 13,000ha) n.s.
Total  n.a. n.a.

Source: IGN, national forest inventory
Forest estate and time domain involved: 
Years 2006-2013: Forest available for wood supply, campaigns 2006 to 2013
Clarifications: The percentage of the surface area for the fir has been calculated on the entire area occupied by the species (lowland, mountain or 
Mediterranean areas)
n.a. : data not available; n.s. : data insignificant

In regular high forest (4.3.1.a) and with the new forest 
inventory method, only stands of pedunculate oak, 
pubescent oak, beech, ash and birch have significant 
surface areas of “old stands”. These old stands account 
for 1% of stands of pedunculate oak, 1% of pubescent 
oak, 4% of beech, 3% of ash and 9% of birch. All 
these cover around 140,000 ha, i.e. 1.8% of regular 
high forest (excluding poplar plantations). Given the 
major changes in the main species definition, these 
figures should not ideally be compared with those 
produced by departmental inventories under the 
old method. In these, from 1981 to 1996, in a period 
with a homogeneous method, the surface areas had 
increased regularly for the pubescent oak, ash and 
birch, but decreased for the pedunculate oak, chestnut 
and Scots pine. Changes seem more random for the 
other species.

Taking all structures, not just high forest (4.3.1.b), the 
inventoried surface areas are large but still not enough 
to produce significant figures for all species. Apart from 
the species already identified in regular high forest, 
the chestnut, large willows, aspen and mountain firs 
also appear. The total surface area of old stands of 
these species account for about 365,000 hectares, 
i.e. 2.5% of the forest available for wood supply. The 
pedunculate oak, pubescent oak, fir and beech have 
2%, 3%, 3% and 5% respectively of their surface area 
in old stands, chestnut, beech and ash around 5% 
whilst the large willows, aspen and birch have a not 
insignificant proportion of their stands deemed old 
(17%, 20% and 29% respectively of their surface areas). 
The beech, birch and pubescent and pedunculate oak 
are the largest in terms of absolute value, accounting 
for 240,000 hectares of old stands by themselves.

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

  Methodology 

The method for determining the main species has altered radically between the old and new forest inventory 
methods. It is therefore advisable not to interpret the changes between the two periods (separated by a line 
marked in the data table). It had previously been determined on the high forest and then on the coppice (in the 
mixed stands), but is now determined on the entire cover.

The age indicated here is the average of the age of the two largest trees of the dominant tree species (the most 
represented in the dominant sub-stand). In addition, the age of the old trees is not measured if they are not part of 
the dominant sub-stand. 

The limit age considered for each species is chosen on expert say-so and although it can sometimes be disputed, it 
must be borne in mind when looking at long-term monitoring.

For details on the inventory method: 

- IGN, 2014. Results of the forestry 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).

n Data sources and methodology

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

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
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4.4. Nativeness of forest species

Purpose of the indicator
This indicator breaks down the surface area of the forest available for wood supply* according to the native 
or non-native nature of the main species (4.4.a). Non-native species are those introduced by deliberate or 
involuntary human action. 

This indicator provides information on the extent to which forests have been influenced by humans. 
Appendix 5 breaks down the forest species according to their nativeness.

4.4.a. Surface areas occupied by the native and non-native species

* The forest available for wood supply in the meaning of the national forest inventory is forest where timber can be produced without any other use or physical 
conditions prevent it from being logged. It does not prejudice the actual production of the forest.

 4.4.a. Surface areas occupied by the native and non-native species

1981 1986 1991 1996 2006-2009 2008-2012

Main species Surface area

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

Native species 12,648 95 12,724 94 12,942 94 13,117 94 13,938 ± n.a. 91 14,234 ± n.a. 91
Non-native species 681 5 781 6 825 6 880 6 1,338 ± n.a. 9 1,333 ± n.a. 9

...including poplar 
plantations

- - - - - - - - 196 ± 20 1 188 ± 18 1

Sub-total 13,329 100 13,505 100 13,768 100 13,998 100 15,319 ± 104 100 15,607 ± 99 100
Indeterminate* 7 - 66 - 99 - 93 - 44 ± 13 - 40 ± 11 -
Total forest available  
for wood supply 13,337 - 13,572 - 13,867 - 14,091 - 15,319 ± 104 - 15,607 ± 99 -

Source: IGN, national forest inventory
Forest estates and time domains involved: 
Forest available for wood supply excluding poplar plantations pre-2005
Forest available for wood supply including poplar plantations post-2005
Clarifications: 
* Main species indeterminate pre-2005 and stand momentarily deforested post-2005.
Ministry of Agriculuture updated the list of native and non-native species in 2014. Distinction is no longer made between exotics and acclimatized and they now 
belong to the non-native species.
The Corsican pine is considered to be native in Corsica and non-native on the continent. 
The 2006-2009 value is recalculated (compared with the 2010 SMI) by including the strawberry tree in the native species category. The confidence intervals for the 
results (which combine several data) are therefore not available for forests available for wood supply excluding poplar plantations.
Before 2005:  % (of determined species) of the forest available for wood supply excluding poplar plantations and including thickets
After 2005:  % (of determined species) of the forest available for wood supply (including poplar plantations and excluding thickets); this lowers the native species %: the 
ratio used previously would give 92% and 93% of native species respectively in 2006-2009 and 2008-2010.
n.a. : data not available

n Results 

France is a country with a low proportion of the forest area covered by non-native species (8%, taking poplar plantations 
into account) and where this proportion is stable over time. The main non-native species are, in order of importance, the 
Douglas fir, hybrid poplars, locust trees and Austrian pine (except the Corsican pine in Corsica).

n Analysis
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An analysis of the proportion of species introduced in 
Europe (SoEF, 2015 and 2011) highlights two groups 
of countries with very clear differences: those which 
have carried out large reforestation programs with 
introduced species occupying more than 25% of 
surface areas (Ireland and Iceland with more than 60%, 
United Kingdom, Denmark, Belgium and Hungary 
with more than 40%, Portugal and Luxembourg with 
more than 30%, Netherlands) and those where the 
introduced species occupy less than 10% of surface 
areas. France, with 85 non-native species, is in this 
second group, alongside Spain, Romania and Bulgaria; 
the other large forest countries (including Germany, 
Austria, Sweden and Finland) have less than 5% of their 
forest area dominated by introduced species.

In France, this rate remains relatively stable in surface 
area, at slightly less than 9% (7.3% without the 
poplar plantations), i.e. about 1.3 million hectares. 
The main non-native broadleaved species are the 
hybrid poplars with at least one non-native species 
(inside and outside poplar plantations) and locust 
trees which account for about 0.2 million hectares 

each. The main conifer species are the Douglas fir  
(0.4 million hectares, Austrian pine excluding Corsican 
pine (nearly 0.2 million hectares), Corsican pine on 
the continent and Turkish pine over the entire country 
(with 0.15 million hectares), see Indicator 1.1.4. 

In forests available for wood supply excluding poplar 
plantations, the basic growth in surface area of forests 
in thirty years relates to the growth of surface areas 
where the main species is native – 55,000 ha/year on 
average since 1981 against 16,000 ha/year on average 
for surface areas with non-native species. The value 
jumps with the change in inventory method (line 
marked in the table). Taking the two periods separately, 
the proportions between native and introduced 
species remain identical and non-native surface 
areas between 1981 and 1986 seem to increase at a 
slightly slower pace in the remainder of the period (in 
conjunction with the sharp drop in afforestation and 
reforestation since the early 1990s). 

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

  Methodology 

The method for determining the main species has altered radically between the old and new forest inventory 
methods. It is therefore advisable not to interpret the changes between the two periods (separated by a line 
marked in the data table). It had previously been determined on the high forest and then on the coppice (in the 
mixed stands), but is now determined on the entire cover.

Given the poplar footprint in the introduced species, poplar plantations have been added to this table which 
previously only related to the forests available for wood supply excluding poplar plantations.

Distinction was made in previous editions between “acclimatized” and “exotic” species in the introduced species. 
This distinction has not been renewed as they no longer feature on the Ministry of Agriculture's reference list. (see 
Appendix 5)

For details on the inventory method: 

- IGN, 2014. Results of the forestry 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
Forest Europe, Unece, FAO, 2011. State of Europe's Forests 2011. Status and Trends in Sustainable Forest Management 
in Europe. Forest Europe, Unece, FAO, Aas, Norway, 337 p.

Forest Europe, 2015. State of Europe's Forests 2015. Ministerial Conference on the Protection of Forests in Europe, 
Madrid, Spain, 312 p.

n Data sources and methodology

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

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
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4.5. Deadwood

Purpose of the indicator
This indicator gives the quantity of deadwood per hectare and its breakdown per type of deadwood 
(standing or lying), per type of stand and ownership category (4.5.a), per type of stand and diameter class 
(4.5.b), per extent of decomposition and diameter class (4.5.c) and per silvoecoregion (4.5.d) for the forests 
available for wood supply.

Deadwood constitutes a habitat for many species and a substrate which changes over time depending 
on its level of decomposition. It thus hosts a very significant proportion of the forest biodiversity, thereby 
protecting the vast array of saproxylic species, regulating the ecological balances between species, recycling 
minerals and maintaining soil fertility. 

This indicator must not be confused with an indicator on mortality dynamics (which would fall under 
Criterion 2).

4.5.a. Volume per hectare of lying deadwood and standing dead trees, per type of stand and ownership 
category

4.5.b. Volume per hectare of lying deadwood and standing dead trees, per type of stand and diameter class
4.5.c. Volume per hectare of lying deadwood and standing dead trees, per extent of decomposition and 

diameter class 
4.5.d. Geographical breakdown of the volume per hectare of lying deadwood

Warning: It is inaccurate to compare directly or add together the figures for lying deadwood and standing 
deadwood as the volumes in question are not the same. All the pieces of lying deadwood are inventoried from a 
2.5 centimeter diameter, whereas the volume of standing deadwood is a “standing stem” volume. Roundwood 
includes the main stem (threshold eligible for inventory of 7.5 cm) and the main branch up to 7 cm in 
diameter. The inventory method therefore assesses the standing deadwood on a single branch and not on the 
entire crown of trees (which relates to an estimation by default of the actual volume of the whole). These figures 
cannot therefore be added together and must only be interpreted in parallel.
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 4.5.a. Volume per hectare of lying deadwood and standing dead trees, per type of stand and ownership 
category

 4.5.b. Volume per hectare of lying deadwood and standing dead trees, per type of stand and diameter 
class

2008-2012

Type of stand Ownership category Deadwood lying Standing deadwood (stem 
roundwood)

Volume (m3/ha)

Broad-leaved

State-owned forests  17.5 ±  3.0  4.0 ±  1.2 
Other public forests  14.8 ±  1.1  4.0 ±  0.5 
Private forests  15.8 ±  0.5  6.8 ±  0.3 
Average broad-leaved  15.8 ±  0.5  6.2 ±  0.3 

Conifers

State-owned forests  17.9 ±  3.6  5.1 ±  1.4 
Other public forests  26.8 ±  4.9  8.9 ±  1.9 
Private forests  15.6 ±  1.3  6.4 ±  0.7 
Average conifers  17.8 ±  1.3  6.7 ±  0.6 

Mixed

State-owned forests  24.7 ±  8.9  7.3 ±  4.2 
Other public forests  23.6 ±  4.8  8.7 ±  2.6 
Private forests  21.1 ±  2.6  8.6 ±  1.2 
Average mixed  21.9 ±  2.3  8.5 ±  1.1 

Indeterminate

State-owned forests  n.s.  n.s. 

Other public forests  n.s.  n.s. 

Private forests  11.8 ±  3.8  1.8 ±  0.9 
Average indeterminate  12.0 ±  3.8  1.9 ±  1.1 

All types  
of stand

State-owned forests 18.4 ± 1.7 4.7 ± 0.7
Other public forests 18.8 ± 1.1 5.7 ± 0.5
Private forests 16.2 ± 0.5 6.7 ± 0.3
Average  16.8 ±  0.4  6.4 ±  0.2 

Data sources: IGN, national forest inventory
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, 
campaigns 2008-2012
Clarifications: As the dimensions considered 
are not the same for the lying deadwood (total 
volume of wood of diameter > 2.5 cm) and for 
the standing deadwood (stem roundwood), it 
would be inappropriate to add the values of both 
categories. 
n.s. : data insignificant

2008-2012

Type of stand Diameter class Deadwood lying Standing deadwood (stem 
roundwood)

Volume (m3/ha)

Broad-leaved

5 and 10cm  7.6 ±  0.2  1.2 ±  0.0 
15 and 20cm  3.6 ±  0.2  1.8 ±  0.1 
25 and 30cm  2.0 ±  0.2  1.0 ±  0.1 
35cm and more  2.6 ±  0.6  2.1 ±  0.2 

Conifers

5 and 10cm  8.2 ±  0.4  0.6 ±  0.1 
15 and 20cm  4.6 ±  0.4  1.9 ±  0.2 
25 and 30cm  2.8 ±  0.5  2.0 ±  0.2 
35cm and more  2.3 ±  0.9  2.2 ±  0.4 

Mixed

5 and 10cm  9.1 ±  0.7  0.9 ±  0.1 
15 and 20cm  5.5 ±  0.7  2.0 ±  0.3 
25 and 30cm  3.8 ±  0.9  2.0 ±  0.3 
35cm and more  3.6 ±  1.4  3.5 ±  0.6 

Indeterminate

5 and 10cm  6.6 ±  1.6 n.s.

15 and 20cm  2.7 ±  1.3  0.6 ±  0.4 
25 and 30cm n.s.  0.6 ±  0.4 
35cm and more n.s. n.s.

Data sources: IGN, national forest inventory
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, 
campaigns 2008-2012
Clarifications: As the dimensions considered 
are not the same for the lying deadwood (total 
volume of wood of diameter > 2.5 cm) and for 
the standing deadwood (stem roundwood), it 
would be inappropriate to add the values of both 
categories. The limits between the classes are 12.5, 
22.5 and 32.5 cm in diameter respectively.
n.s. : data insignificant

n Results 
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 4.5.c. Volume per hectare of lying deadwood and standing dead trees, per extent of decomposition and 
diameter class 

 4.5.d. Geographical breakdown of the volume per hectare of lying deadwood

Data sources: IGN, national forest inventory
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, campaigns 2008-2012
Clarification: The limits between the classes are 12.5, 22.5 and 32.5 cm in diameter respectively.

Data sources: IGN, national forest inventory
Forest estates and time domains involved:
Years 2008-2012: forest available for wood supply, campaigns 2008-2012
Clarifications: When the result is insignificant, the silvoecoregion remains blank in the representation.
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Deadwood constitutes special resources and habitats for major components in the forest biodiversity. Lying deadwood 
accounts on average for 16.8 m3/ha and standing deadwood for 6.4 m3/ha whereas standing living trees account for 
161 m3/ha on average (see Indicator 1.2). Thus, standing deadwood accounts for 4% of the standing living trees (both 
measured in stem roundwood). Mixed stands have the most deadwood, be it standing (8.5 m3/ha) or lying (21.9 m3/ha) 
and broadleaved stands the least (6.2 m3/ha standing and 15.8 m3/ha lying), but the difference between broadleaved and 
conifers is not significant for the standing trees. Half the lying deadwood volume is the smallest diameters (between 2.5 
and 12.5 cm), about a quarter the diameters of 12.5 to 22.5 cm and a quarter of 22.5 cm and more. Decomposition is 
extensive to very extensive for half the lying volumes.

n Analysis

Deadwood per type of stand and ownership 
category (4.5.a) 

Standing deadwood 
There is far more standing deadwood per hectare 
in mixed stands than in conifer- and broad-leaved-
dominant stands. In addition, public broadleaved 
forests have far less standing deadwood (4 m3/ha) than 
the private broadleaved forests (6.8 m3/ha). The higher 
tree felling rate in public forests on average, especially 
in State-owned forests, may behelps to explain this 
difference. Non-State-owned public conifer forests 
have more standing deadwood (8.9 m3/ha) than the 
other forests (5.1 m3/ha for the State-owned forests 
and 6.4 m3/ha for the private forests). 

Lying deadwood
The average volumes of lying deadwood per hectare 
are significantly more in mixed stands (21.9 m3/
ha) than in mainly broadleaved (15.8 m3/ha) or 
conifer (17.8 m3/ha) stands. Conifer stands also have 
average volumes which are significantly more than 
in broadleaved stands. In conifer forests, the average 
lying deadwood volumes are far higher in non-State-
owned public forests (26.8 m3/ha) than in State-owned 
forests (17.9 m3/ha) or private forests (15.6 m3/ha), 
which could relate to the more significant amount 
of standing deadwood also noted for this same 
ownership category.

What factors could explain the differences noted?
There are many factors contributing to the 
interpretation of these results, which depend first and 
foremost on effective stand management: when the 
stand is managed, the dying trees are most frequently 
felled and harvested except when maintained 
deliberately to create a belt of dead trees. There is 
then less lying deadwood as the wood from trees 
dominated or affected by damage are logged before 
mortality claims them. Varying amounts of logging 
residuals remain on the ground; these depend on the 
techniques used. Conversely, in stands which are not 
managed, either because of difficult access or through 
the owner's choice, the amount of lying deadwood 

will depend on both the input kinetics (mortalities of 
branches or subjects due to climate or pathological 
hazards, mortality processes, lack of access to the light 
resource, etc.) and lying deadwood disappearance 
kinetics (most frequently through decomposition; 
these kinetics vary according to the nature and 
dimension of wood and the type of local climate and 
soils). 

Lying and standing deadwood, per type of stand 
and diameter class (4.5.b)

The volumes recorded by diameter class (4.5.b) can 
clarify these results:

 – regardless of the type of cover, the volumes of 
small lying deadwood per hectare are fairly close 
(between 7.6 m3/ha for the broadleaved species 
to 9.1 m3/ha for the mixed species, with no 
significant difference). Timber larger than 35 cm 
shows no significant difference according to the 
covers.

 – for the medium dimensions, the volumes 
are significantly lower for the broadleaved 
species (3.6 m3/ha) compared with the conifers  
(4.6 m3/ha) and mixed stands (5.5 m3/ha). 

 – mixed stands have the largest volumes for the 
25 and 30 cm dimensions (3.8 m3/ha), in front of 
the conifers (2.8 m3/ha) (insignificant difference 
between these two compositions) then the 
broadleaved species (2 m3/ha) (significantly 
different from the mixed and the conifers). 

Lying deadwood according to the extent of its 
decomposition (4.5.c)

The distribution of the lying deadwood according to 
the extent of its decomposition (4.5.c) shows that the 
volume comprises 20% of “nil to low” decomposing 
wood, 30% for the “average” and “high” decomposition 
classes and about 15% for “very high” decomposition. 
When broken down by diameter, half the volume 
of each decomposition class is represented by the 
smallest diameters (between 5 and 10 cm), about a 
quarter the diameters of 15 to 20 cm and a quarter of 
25 cm and more.
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 Producer of data
National Institute of Geographic and Forestry Information (IGN) – <http://inventaire-forestier.ign.fr>

  Methodology 

All the lying deadwood is inventoried based on a 2.5 centimeter diameter, whereas the volume of standing 
deadwood is calculated as “stem roundwood”. Roundwood includes the main stem and the main branch up to 
7 cm in diameter. The inventory method therefore assesses the standing deadwood on a single branch and not on 
the entire crown of trees (which relates to an estimation by default of the actual volume of the whole). These lying 
and standing wood figures cannot therefore be added together and must only be interpreted in parallel.

For details on the inventory method: 

- IGN, 2014. Results of the forestry 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
IGN, 2012. Deadwood in forests, L'IF, 29, Saint-Mandé, 8 p. <http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF29_
bois-mort.pdf> (consulted on 8 July 2015).

n Data sources and methodology

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

Spatial distribution of lying deadwood (4.5.d)

Spatial variability is very marked between the 
silvoecoregions (4.5.d) and between regions (see 
L’IF no. 29, 2012), with the average volumes spread 
from 5 to 36 m3/ha. Areas where forest production is 
very low due to major water deficits, especially in the 
Mediterranean area, also have very little growing stock 
and therefore a very small amount of lying deadwood. 
In these areas, the low production contributes to 
small inputs per unit of time, whereas wood can 
nevertheless decompose over this long period. On the 

contrary, areas with more favorable water conditions 
have significant volumes of growing stock and lying 
deadwood. The largest volumes are found in the 
medium mountain massifs, which enjoy favorable 
production conditions and colder climates limiting the 
deadwood decomposition kinetics (Vosges mountains, 
Jura and Massif Central, for example). These are also 
areas which were able to maintain the trees flattened 
during the 1999 storms on the ground.

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/ocre-gp/docs/methodologie.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF29_bois-mort.pdf
http://inventaire-forestier.ign.fr/spip/IMG/pdf/IF29_bois-mort.pdf
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4.6. Genetic diversity of trees

4.6.a. Conservation units in situ and conservation plantations ex situ
4.6.b. Breakdown of conservation units in situ
4.6.c. National collections ex situ (clone conservatories)
4.6.d. Stands bred for harvesting seeds
4.6.e. Seed orchards (“qualified” and “tested” categories)
4.6.f. “Mixed clone” varieties (“qualified” category)
4.6.g. Tested clones
BOX 4: National Forest Genetic Resource Conservation Program (RGF)

Purpose of the indicator
This indicator gives per species the number, the surface area of conservation units and plantations in 
the national metropolitan territory (4.6.a) and the map of conservation units in situ (4.6.b). Additional 
information is given in 4.6.c, 4.6.d, 4.6.e, 4.6.f and 4.6.g.
The number of entities recorded in the Register of Basic Material, both for the conservation of genetic 
forest resources (RGF) and for the production of forest seeds and seedlings, indicates the response, under 
the impetus of the Ministry of Agriculture, Agrifood and Forestry, to the question of conservation of the 
intraspecific biodiversity of tree species in metropolitan forests. It does not give information directly on the 
state and changes in the genetic diversity of forest tree populations, but describes the results of the national 
inventory, conservation and breeding strategy for the diversity of genetic forest resources. Conservation 
combines in situ dynamic (encouraging the adaptation processes) and ex situ safeguarding approaches 
(national collections). When a decision is made for reforestation by planting, a strategy to promote the best 
genetic potential is implemented. The breeding of seed-bearing stands and constitution of seed orchards 
can enhance the forest resources with genetic resources bred on different criteria, with the ultimate goal of 
forest multi-functionality.

 4.6.a. Conservation units in situ and conservation plantations ex situ

n Results 

2004 2010 2014 2004 2010 2014

Natural conserved populations in situ Conservation plantations ex situ
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Sessile oak 20 2,593 20 2,619 20 2,293
Beech 27 3,875 27 3,875 28 3,427
Cherry 2 4 2 4 2 4
White elm 2 119
Black poplar 3 515
Common spruce 15 3,388
Silver fir 22 3,506 21 3,391 21 2,938 4 28 4 28 3 24
Maritime pin 4 900 4 985
Scots pine (being bred)
Totals 69 9,974 72 10,785 93 13,665 6 32 6 32 5 28

Source: National Register of Basic Material (kept updated by Irstea), May 2015
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 4.6.b. Breakdown of conservation units in situ

Source: National Register of Basic Material (kept updated by Irstea), May 2015

 4.6.c. National collections ex situ (clone conservatories)

2004 2010 2014

Species Number of clones in collection

Service tree 60 60 44
Cherry 251 251 251
Common walnut 58 58 58
English elm 183 183 183
Hybrid elm 106 106 106
Mountain elm 30 30 30
White elm 98 98 98
Black poplar 260 260 260
Salzmann pine 549
Totals 1,046 1,046 1,579

Source: National Register of Basic Material (kept updated by Irstea), May 
2015
Clarifications: The “hybrid elm” category groups the intermediate forms be-
tween English elm (Ulmus minor Mill.) and mountain elm (Ulmus glabra Huds.) 
which hybridize spontaneously and form a complex of species where it can be 
impossible to allocate a pure species name. The white elm (Ulmus laevis Pall.) 
does not hybridize with the two species mentioned above.
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 4.6.d. Stands bred for harvesting seeds

 4.6.e. Seed orchards (“qualified” and “tested” categories)

2004 2010 2014 2004 2010 2014 2004 2010 2014
Stands bred or tested Broad-leaved Conifers Total

Number of species 8 8 9 12 13 14 20 21 23
Number of species with native resources 7 7 8 8 8 9 15 15 17
Number of regions of provenance (RP) 53 59 62 57 59 62 110 118 124
Number of RP with native stands 51 56 59 43 41 46 94 97 105
Number of stands 773 807 688 936 850 724 1,709 1,657 1,412
Number of native stands 625 661 604 555 480 458 1,180 1,141 1,062
Total surface area (ha) 22,455 23,788 22,642 37,058 39,929 39,128 59,513 63,718 61,770
Total surface area (ha) 
of native stands 21,819 23,142 21,820 28,713 32,035 29,394 50,532 55,177 51,214

Source: National Register of Basic Material (kept updated by Irstea), November 2014
Clarifications: These stands are in the “bred” category, apart from three stands of Atlas cedar entered in the “tested” category.

“Bred” material is from stands chosen essentially on the basis of phenotypic criteria (vigor, shape, resistance to certain diseases). Most trees in the stand must be true-
to-type.
The material belonging to the “tested” category has the most acquired knowledge. Its superiority over one or more controls which are known references for the species 
is demonstrated by comparison tests or component assessments for at least one trait deemed important in silviculture. This category can include seed orchards, stands 
or clones that have undergone provenance comparison tests or clonal tests.

2004 2010 2014
Qualified or tested seed orchards Number Area (ha) Number Area (ha) Number Area (ha)

Broad-leaved 1 1 5 4 16 12

Conifers 13 321 22 433 31 597

Total 14 322 27 437 35 609

Source: National Register of Basic Material (kept updated by Irstea), November 2014
Clarifications: One Scots pine orchard conserves and allows the use of genetic resources of Haguenau native provenance, whose original stands were destroyed by 
storm Lothar.
Unlike the majority of bred stands, basic material belonging to the “qualified” category is artificial. It is a seed orchard or “mixed clone” variety (plantations of clones, 
families or parents of family) set up specifically to produce seed or seedlings of superior genetic quality. For this purpose, the basic material components have under-
gone individual phenotypic breeding in forests or in tests, using such criteria as vigor, shape, resistance to certain diseases or timber quality.
The material belonging to the “tested” category has the most acquired knowledge. Its superiority over one or more controls which are known references for the species 
is demonstrated by comparison tests or component assessments for at least one trait deemed important in silviculture. This category can include seed orchards, stands 
or clones that have undergone provenance comparison tests or clonal tests.

 4.6.f. “Mixed clone” varieties (“qualified” category)
2004 2010 2014

Qualified “mixed clone” varieties (black poplars) Number

Broad-leaved 0 3 4

Conifers 0 0 0

Total 0 3 4

Source: National Register of Basic Material (kept updated by Irstea), November 2014
Clarifications: These varieties of black poplar are mainly intended to restore riverine woodlands or for ecological engineering in stabilizing banks. As their clonal 
composition is known (breeding for genetic diversity), they belong to the “qualified” category.
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 4.6.g. Tested clones

Major efforts have been made in a few years under the auspices of the Genetic Forest Resources Commission (see Box 4) 
to develop the conservation units in situ (+29% in four years) and ex situ (Salzmann pine); at the same time, the genetic 
material production capacity has been expanding in both seed-bearing stands bred and seed orchards and in the 
availability of new clones or clonal mixes (basically poplars).

n Analysis

Table 4.6.a shows the progress made by the Genetic 
Forest Resources Commission (CRGF) since 2010. In 
total, the conservation networks in situ have increased 
by 21 conservation units (UC) (+29%) since the last 
inventory. Three new dynamic conservation networks 
in situ (Fady et al. 2012) have been created: one for 
common spruce, with fifteen conservation units (UC) 
is already sampling a large portion of the diversity of 
the native genetic resources of the species in France 
and will be completed during 2015. The white elm 
(2 UC) and black poplar (3 UC) units are the result of 
collaboration between CRGF and the national nature 
reserves for the conservation of genetic resources of 
riverine woodland trees. A new conservation unit has 
plugged a gap in the beech network in the western 
section of the Pyrénées since 2010. 

Figure 4.6.b breaks down per species the 
93 conservation units in the national territory in 2015.

Table 4.6.c show changes in conservation ex 
situ (Collin et al., 2012). A new national collection, 
assembling 549 Salzmann pine clones, was set up early 
in 2014; it will have 700 during 2016. This collection is 
representative of the genetic diversity of the French 
Salzmann pine, whose populations are subject to a 
major fire risk and threatened with genetic pollution 
by other Austrian pine species introduced on the 
same sites. The resource has been safeguarded by 
grafting and by climbing trees more than 140 years old, 
before non-native species were introduced. Following 
a fire in which sixteen clones in the national service 
tree collection perished, new grafting is in progress 

on the trees cloned initially and still in place or by 
cloning other service trees in the same forest massifs 
and in other regions. The stable numbers in national 
collections of black poplar, walnut and elm is only 
apparent, for numerous clones being characterized or 
assessed in the working collections will ultimately be 
included in the relevant national collections.

Table 4.6.d indicates mainly that the seed-bearing 
stands bred are currently available for two additional 
native species: the cork oak, where only the “source 
identified” category was available, and the Salzmann 
pine, where no stand had been bred so far due to 
insufficient guarantees of specific purity. The number 
of regions of provenance for this species has become 
two. The cork oak stands bred also belong to two 
regions of provenance. Changes in the number and 
surfaces of bred stands of other species cannot be 
simply interpreted, as more than one hundred have 
been struck off (stands which have been logged or 
damaged or are too small) following a clean up of the 
register since 2011 in order to give priority to the large 
stands enjoying more extensive genetic mixing.

Table 4.6.e does not relate to forest stands but seed 
orchards designed to produce improved varieties 
meeting specific forestry needs. The huge increase in 
the number of orchards in the “qualified” or “tested” 
categories is mainly due to the acceptance of eleven 
orchards producing hybrid walnut seed and eight 
maritime pine orchards. A common spruce orchard 
(provenance from Polish lowlands) has been accepted.

2004 2010 2014
Tested clones Number

Broad-leaved 44 44 54

Conifers 10 10 12

Total 54 54 66

Source: National Register of Basic Material (kept updated by Irstea), November 2014
Clarifications: The material belonging to the “tested” category has the most acquired knowledge. Its superiority over one or more controls which are known references 
for the species is demonstrated by comparison tests or component assessments for at least one trait deemed important in silviculture. This category can include seed 
orchards, stands or clones that have undergone provenance comparison tests or clonal tests.
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Table 4.6.f relates to the French native black poplar 
genetic resources intended mainly for restoring 
riverine woodlands or ecological engineering to 
stabilize banks. The mix of “Seine-plaine” clones is 
added to the “Loire-plaine”, “Rhin-plaine” and “Garonne-
plaine” varieties already listed in 2010. Each mix is 
made up of a set of twenty clones representative of 
the genetic diversity of native populations in the river 
basins involved. The basic material for these varieties 
comes from a study and conservation program for 
the black poplar genetic resources conducted by 
CRGF as mentioned above (Tables 4.6.a and 4.6.b). 
It is accepted in the “qualified” category and bred for 
genetic diversity.

Table 4.6.g only relates to clones considered in 
isolation and not multi-clonal varieties. Each clone 
has been accepted in the “tested” category following 
assessments in comparison plantations of agronomic 
criteria and the ability to withstand cold or disease. 
Fourteen new clones have been accepted since the last 
inventory, including ten poplar cultivars intended for 
poplar cultivation (including four French bred varieties 
of Populus deltoides), two hybrid eucalyptus cultivars 
and two cherry cultivars of French provenance.

BOX 4: National Forest Genetic Resource Conservation Program (RGF)
Following the First Ministerial Conference on the Protection of Forests in Europe (Strasbourg, 1990), 
France committed to a policy of genetic forest resource conservation. As stipulated by Conference 
Resolution 2, priority has been given to conservation in situ of genetic forest resources. More 
recently, the conservation of genetic forest resources has been included in the legislative section 
of the Forest Code as a general interest policy (Law promulgated on 14 October 2014). France also 
produced its first national report on genetic forest resources in 2013, which mainly drew up the 
first list of 2,700 species of trees noted in the national territory (metropolitan and overseas France):  
<http://agriculture.gouv.fr/linventaire-national-des-ressources-genetiques-forestieres>

The Genetic Forest Resource Commission (CRGF) has laid down the practicalities for implementing this policy, 
mainly setting up a national genetic resource management and conservation network for the main forest 
species; this approach is supplemented by the conservation ex situ of grafts and cuttings in collections.

The in situ conservation of genetic forest resources of national interest currently applies to eight species: 
sessile oak, common spruce, beech, white elm, black poplar, maritime pine, Scots pine and silver fir.

The conservation units (UC) are targeting the dynamic conservation of native genetic resources 
representative of the diversity of the species in France. A conservation unit for a social species is typically 
made up of a core of about 15 ha, the main focus for the conservation efforts, and a buffer zone of some 
hundred hectares, with the fundamental role of limiting the flows of outside genes that could act as sources 
of undesirable genetic damage. Management methods are set out in a management charter.

These units are designed and managed so that natural regeneration can take place in good gene mixing 
conditions (numerous parents, abundant regeneration) and by bringing natural breeding into play to 
facilitate the process of adapting the population to changes in its environment. In the case of major social 
species and conservation units located at the heart of the area of the species in question, these units can 
comprise several thousand reproductive trees. In the case of rarer species or marginal populations, some 
conservation units can have fewer than one hundred reproductive trees.

http://agriculture.gouv.fr/linventaire-national-des-ressources-genetiques-forestieres
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 Producer of data
Irstea (commissioned by Maaf to keep the National Register of Basic Material for forest species):
<http://agriculture.gouv.fr/Conservation-ressources-genetiques-forestieres>
<http://agriculture.gouv.fr/Fournisseurs-especes-et-provenances-forestieres>

  Methodology 

Since 2009, conservation units (in situ or ex situ) for genetic forest resources of national interest are included in the 
National Register for Basic Material, as a clear addition to material intended to produce forest seeds and seedlings. 
The coherence of the two sections of SMI 4.6 seems clearer, even if some lines in the tables 4.6.d to g do not relate 
to native genetic forest resources in France.

  Bibliography
Collin E., Lefèvre F., Oddou Muratorio S., 2012. Indicators of the intra-specific diversity in forest trees. In: Les 
indicateurs de biodiversité forestière (C. Nivet, I. Bonhême, J.-L. Peyron, eds.), Medde-Gip Ecofor, Paris, 79-81.

Collin, E. et al., 2012. Conservation ex situ: collection statistique et valorisation. Les rendez-vous techniques de l’ONF, 
36-37, 35-39.

Fady, B. et al., 2012. Conservation in situ of genetic forest resources: national and Pan-European strategies and 
dimensions. Les rendez-vous techniques de l’ONF, 36-37, 28-34.

Lefèvre F., Collin E., 2012. Conserving genetic forest resources in France and Europe: goals and methods. Les rendez-
vous techniques de l’ONF, 36-37, 10-13.

Maaf – National inventory of genetic forest resources: <http://agriculture.gouv.fr/inventaire-ressources-
genetiques-forestieres>

n Data sources and methodology

Authors: Eric Collin and Cécile Joyeau (Irstea) 

http://agriculture.gouv.fr/Conservation-ressources-genetiques-forestieres
http://agriculture.gouv.fr/Conservation-ressources-genetiques-forestieres
http://agriculture.gouv.fr/inventaire-ressources-genetiques-forestieres
http://agriculture.gouv.fr/inventaire-ressources-genetiques-forestieres
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4.7. Fragmentation of forest massifs

4.7.a. Distribution of the number and surface area of forest massifs, per class of surface area
4.7.b. Localization of massifs per class of surface area

4.7.b.1. Localization and identification of massifs over 100,000 hectares 

Purpose of the indicator
This indicator shows the distribution per size class (4.7.a) and the spatial distribution (4.7.b and 4.7.b.1) of 
forest massifs which are considered separate entities once there is 200 m or, in addition, from calculation 
year 2015, a major rail (LGV) or road (motorway) infrastructure between them.

Large forest continuities can therefore be localized and regions with the most fragmented wooded units 
distinguished. The sources of information used to calculate the indicator can also detect forest corridors 
potentially taken by animal and plant species (those which are not limited by breaks in cover of less than 
200 meters).

Warning: This indicator is calculated using the forest mapping (BD Forêt®, see Appendix 4 for the dates of 
departmental versions) and not with the national forest inventory like most indicators with information provided 
by IGN.

Between 1999 and 2008, the forest mapping database include woodland from 0.5 to 2.25 ha; this clearly 
has an impact, which has been partially qualified, on the fragmentation calculation results. However, other 
differences between the forest map versions may possibly affect the inter-year comparison, without them actually 
being qualified.

The surface area obtained from the spatial representation is greater than the area calculated by the 
statistical inventory given the production process, especially: 
- the surface area is given by the cover of crowns, not the space of trunks; there is therefore a systematic bias at the 

edge and also when the crowns conceal elements which are not counted in the statistical surface area (e.g. path, 
pond, etc.); 

- use is not an exclusion factor in the “forest” category during mapping (unlike the statistical inventory 
specifications), for example an urban park is considered forest if there is sufficient cover rate and size.
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n Results 
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 4.7.a. Distribution of the number and surface area of forest massifs, per class of surface area
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 4.7.b. Localization of massifs per class of surface area

 4.7.b.1. Localization and identification of massifs over 100,000 hectares 

Source: IGN, forest map (BD Forêt®)
Forest estate and time domain involved: 
2015: all forests of more than 0.5 ha (including 
wooded spaces not considered as forest by the 
national forest inventory due to the use made of 
them), mean year for aerial photos 2008
Clarification: One color per massif.
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The large majority of metropolitan forest areas belong to vast forest massifs (68% for massifs of more than 100,000 ha). 
The mapping highlights the significance of large massifs in the East and southern half of France. The surface areas of more 
than 10,000 have increased between the 1999 and 2008 photos and the areas of the smaller massifs have decreased. This 
seems to be due to expansion processes. 

n Analysis

Current situation

The most recent results (4.7.a) show that 68% of forest 
areas belong to very large massifs (more than 100,000 
ha). This is a positive element for species which are 
not limited by a 200 m interruption in cover. The maps 
(4.7.b and 4.7.b.1) reveal that these massifs are in the 
mountain forests (Vosges, Jura – Alps, Massif Central 
in the broadest sense and Pyrénées) as well as in the 
Landes massif. Corsica, Sologne, the Lorraine plateaux 
and the Morvan also have large but more isolated 
massifs, as do Southern Brittany and the North-East 
of Paris. The small massifs are located in the north-
western facade of France and around the Garonne 
valley. 

Changes

The following is noted between the mean reference 
years 1999 and 2008 (4.7.a): 

 – a drop in the number and total surface area 
of massifs of between 4 and 500 ha, with the 
average surface area remaining stable,

 – stagnation in the number of massifs between 
500 and 10,000 ha whereas their surface areas 
and average surface drop or are stable,

 – and a clear rise in the number and surface area of 
massifs of more than 10,000 ha, with the average 
surface area increasing except for the massifs 
between 50,000 and 100,000 ha.

Taking smaller massifs into account since 2015 than 
previously (adding forests of 0.5 to 2.25 ha) has had 
an impact on the fragmentation calculation results. 
However, the calculation was also made excluding 
these small massifs (column “thousands of hectares 
equivalent 1999” in the table) for a better comparison 
of current and past results. Thus, the changes are even 
more marked when considering the results without 
forests between 0.5 and 2.25 ha; the total surface area 
of all massifs under 5,000 ha is reduced whilst that of 
massifs of 10,000 ha and over is increased. 

Similarly, between 1999 and 2008, with the scope 
unchanging, the total number of massifs has dropped 
by about 10,000 units whilst the surface area increased 
by 700,000 hectares. Thus, despite newly taking into 
account interruptions by large infrastructures, an 
aggregation of massifs with each other is seen in 
conjunction with the increase in forest areas. Taking 
into account surface areas between 0.5 and 2.25 ha 
which, in some cases, are aggregated with larger 
massifs, results in a slightly less drop in the total surface 
area of medium-sized massifs.

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

  Methodology 

General principle: All forest areas with limits less than 200 meters apart are deemed to belong to a same massif.

Additional principle for mean year 2008: Where the limits of two forest area units are less than 200 m apart but 
are separated by a high-speed train line (LGV) or motorway, the surface areas are then not deemed to belong to a 
same massif.

Mean year 2008: aerial photos dating from 2004 to 2013 (see Appendix 4), specifications of the BD Forêt version 2. 
Forests are represented from 0.5 ha upwards (from the BD Forêt V2 when available, or otherwise from a simplified 
layer called “végétation express”).

Mean year 1999: aerial photos dating from 1990 to 2007, mapping specifications version 1 for some departments 
and version 2 for others (see appendix to Sustainable Management of Metropolitan French Forests 2010 for 
details of V1 and V2 departments). Polygons of less than 2.25 ha have been deleted to work more homogeneously 
between the two sources.

n Data sources and methodology

Authors: Vincent Bousquet, Ingrid Bonhême et Marie-Françoise Slak (IGN)

http://inventaire-forestier.ign.fr
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4.8. Threatened forest species
4.8.a. Total number of species found in forests and threatened in metropolitan France 

(includes forest species groups 1 and 2)
4.8.b. Number of strictly forest species and threatened in metropolitan France (Group 1)
4.8.c. Number of not strictly forest species found frequently in forests and threatened in metropolitan France (Group 2)

Purpose of the indicator
This indicator gives information on the number of threatened species found in forests (4.8.a), be these 
species strictly forest (4.8.b) or more general (4.8.c). It is based on taxonomic groups assessed under the 
National Red List (mammals, birds, reptiles, amphibians, fresh water crustaceans, butterflies and part of the 
vascular flora) using the IUCN methods. Appendix 6 lists forest species threatened with extinction.

Knowledge of the number of threatened forest species in metropolitan France emphasizes the conservation 
challenges to be faced in forest habitat management.

Warning: The National Red List of species threatened with extinction drawn up by the National Natural History 
Museum (MNHN) and the World Conservation Union (IUCN) – French Committee is updated regularly and 
supplemented with new species assessments. The list of threatened species (and threatened forest species) 
in France is therefore on an upward trend. In addition, care must be taken before deciding on proportions of 
threatened species: wherever possible, it is more relevant to deal with groups assessed as a whole (amphibians, 
reptiles, birds, etc.). It is more tricky to work on groups with only one part assessed in the red list (for example 
flora, for the moment). Care should also be taken when taking relatively unknown species into account (classed 
as insufficient data, DD) as a proportion of these species can potentially be threatened. Lastly, the Metropolitan 
orchids chapter has not so far been included in the indicator.

n Results 

The results are first presented globally for all species and then for the following two groups of species: 
1. the strictly forest species or found more frequently forests than not,
2. species with mixed behavior, found more or less equally in forests and open areas.
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 4.8.a. Total number of species found in forests and threatened in metropolitan France 
(includes forest species groups 1 and 2)

 4.8.b. Number of strictly forest species and threatened in metropolitan France (Group 1)

Year 2014
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Number of strictly 
forest species 
assessed in the National Red List

17 4 0 13 54 35  3 16 n.a.

... including spe-
cies threatened 
with extinction

Vulnerable 5 1 0 4  10  0 0  1 n.a.
Endangered 2 2 0 0  1  1 0  1 n.a.
Critically endan-
gered

0 0 0 0 0  1 0  1 n.a.

Extinct in the wild 0 0 0 0  0 0 0 0 n.a.

Source: MNHN-SPN for the definition of the list of forest and strictly forest species
IUCN France and MNHN (2008-2014) for the definition of the Red List of threatened species in France.
Clarifications: The results are based only on the species assessed in the National Red List until 2014 (sub-species and other infra-taxa have not been retained when 
constructing the indicator). Species introduced or found occasionally (NA categories) are not included in the results. 
Only strictly forest species or found more frequently in forests are considered here.
Strictly forest species threatened with extinction are listed in the appendix.
n.a. : data not available

Year 2014

Va
sc

ul
ar

 p
la

nt
s 

(in
cl

. t
re

es
/s

hr
ub

s/
 

he
rb

ac
eo

us
 p

la
nt

s)

...
 in

cl
ud

in
g 

tr
ee

s

…
 in

cl
ud

in
g 

sh
ru

bs

…
 in

cl
ud

in
g 

he
rb

a-
ce

ou
s p

la
nt

s

Bi
rd

s

M
am

m
al

s

O
th

er
 v

er
te

br
at

es
 

(a
m

ph
ib

ia
ns

 a
nd

 
re

pt
ile

s)

In
ve

rt
eb

ra
te

s 
(b

ut
te

rfl
ie

s a
nd

 
fre

sh
 w

at
er

 c
ru

st
ac

ea
ns

)

Cr
yp

to
ga

m
s 

an
d 

fu
ng

i

Number of forest species 
assessed in the National Red List

878 4 68 806 116 69 24 52 n.a.

... including spe-
cies threatened 
with extinction

Vulnerable 354 1 27 326 15 2 2 2 n.a.
Endangered 110 2 10 98 4 2 0 2 n.a.
Critically endan-
gered

49 0 3 46 1 1 0 2 n.a.

Extinct in the wild 4 0 0 4 0 0 0 0 n.a.

Source: MNHN-SPN for the definition of the list of forest and strictly forest species
IUCN France and MNHN (2008-2014) for the definition of the Red List of threatened species in France.
Clarifications: The results are based only on the species assessed in the National Red List until 2014 (sub-species and other infra-taxa have not been retained when 
constructing the indicator). Species introduced or found occasionally (NA categories) are not included in the results. 
The following are considered here: 

1) the strictly forest species or found more frequently in forests,
2) species with mixed behavior, found more or less equally in forests and open areas.

n.a. : data not available
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 4.8.c. Number of not strictly forest species found frequently in forests and threatened in metropolitan 
France (Group 2)

The number and rate of threatened forest species varies between the taxonomic groups assessed: twenty species (17%) 
for birds, five species (7%) for mammals, two species (8%) for reptiles and amphibians and six species (12%) for butterflies 
and fresh water crustaceans. The threat rates for these strictly forest taxa only are 20%, 5%, 0% and 19% respectively, 
There is a lack of data for the other taxonomic groups. The lists of forest species have to be stabilized and threat 
assessment data completed and updated regularly to analyze changes in the indicator in the long term.

n Analysis

The precise number of threatened forest species is 
currently not known fully: it depends on the progress in 
assessments, firstly of National Red Lists per taxonomic 
group (IUCN France and MNHN) and secondly of lists 
of species vs non-forest species (MNHN). The number 
of threatened forest species is basically known for the 
main groups of vertebrates, part of the vascular flora 
and two groups of invertebrates. It only makes sense 
to calculate the rate of threatened forest species (be 
they forest species in the strictest sense – Group 1 – or 
in the broadest sense – Group 2 – ) for groups where 
data is complete, i.e. groups with an available list of 
forest species or where the IUCN threat level has been 
assessed for all forest species.

Data is missing for groups with a wealth of forest 
species such as insects (mainly saproxylic insects), 
fungi, bryophytes and lichens. Based on Table 4.8.a, 
for groups where data is complete for metropolitan 
France, the rates of threatened and extinct forest 
species are: 

 – Birds: 20/116 = 17% 
 – Mammals: 5/69 = 7% 
 – Other vertebrates (amphibians and reptiles): 

2/24 = 8% 
 – Invertebrates (butterflies and fresh water 

crustaceans) 6/52 = 12% 
The threat rates for these strictly forest taxa only (4.8.b) 
are 20%, 5%, 0% and 19% respectively, In the not 
strictly forest species group (4.8.c), there are 14%, 9%, 
10% and 8% respectively.

The National Red List published its first results in 2008 
and the first re-assessments (updating lists of species 
and assessments) will commence shortly. It is therefore 
impossible to comment so far on changes in the 
indicator and the number of threatened forest species. 

Other taxonomic groups are currently being assessed 
for metropolitan France (other invertebrates) and it is 
planned to re-assess existing chapters after six or seven 
years. These future results will update the National Red 

Year 2014
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Number of not strictly 
forest species 
assessed in the National Red List

861 0 68 793 62 34 21 36 n.a.

... including spe-
cies threatened 
with extinction

Vulnerable 349 0 27 322 5 2 2 1 n.a.
Endangered 108 0 10 98 3 1 0 1 n.a.
Critically endan-
gered

49 0 3 46 1 0 0 1 n.a.

Extinct in the wild 4 0 0 4 0 0 0 0 n.a.

Source: MNHN-SPN for the definition of the list of forest and strictly forest species
IUCN France and MNHN (2008-2014) for the definition of the Red List of threatened species in France.
Clarifications: The results are based only on the species assessed in the National Red List until 2014 (sub-species and other infra-taxa have not been retained when 
constructing the indicator). Species introduced or found occasionally (NA categories) are not included in the results. 
Only species with mixed behavior, found more or less equally in forests and open areas are considered here.
n.a. : data not available
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List and therefore the indicator, which will be used to 
estimate changes in knowledge and the conservation 
status  of forest species. 

The number of taxa considered will be increased by 
incorporating the “Metropolitan orchids” chapter 
(2010). It will also be interesting to add data on the 
cryptogams and fungi when they are nationally 
available in the Red List. In addition, gradual re-
assessments of the main taxonomic groups will be 

used to fine tune the monitoring of the conservation 
status  of forest species. 

It could also be interesting to use information from 
the Red List to find out more about the proportion of 
relatively unknown forest species (category DD) to 
date and the proportion of forest species (threatened 
and not threatened) with declining populations (for 
example, especially species classed under the near 
threatened NT category). 

 Producer of data
National Natural History Museum (MNHN), Natural Heritage Department (SPN). Paris, France.

IUCN France and MNHN (2008-2014). Red List of threatened species in France. Paris, France. 
<http://spn.mnhn.fr/servicepatrimoinenaturel>
<http://inpn.mnhn.fr/programme/listes-rouges/presentation>
<http://www.uicn.fr/Liste-rouge-France.html>

  Methodology 
Based on the list of species assessed under the National Red List (IUCN France, MNHN), the number of threatened 
forest species has been counted for each taxonomic group with available data: mammals, birds, reptiles, 
amphibians, fresh water crustaceans, butterflies and part of the vascular flora. 

Per threatened species, in this case, is understood to mean species classed in the vulnerable (VU), endangered 
(EN), critically endangered (CR) and extinct in the wild (EW) categories, as per the IUCN methodology.

The list of forest species has been drawn up specifically for this indicator through consulting experts and more 
precisely here, distinction is made between two cases: 

1. the strictly forest species or found more frequently in forests, 
2. species with mixed behavior, found more or less equally in forests and open areas. 

  Bibliography
IUCN France, MNHN, 2012. La Liste rouge des espèces menacées en France - Chapitre Crustacés d'eau douce de 
France métropolitaine.. 
<http://inpn.mnhn.fr/docs/LR_FCE/Dossier_presse_Liste_rouge_Crustaces_eau_douce_metropole_juin_2012.
pdf>

IUCN France, FCBN, MNHN, 2012. Red List of threatened species in France – Chapter on vascular flora in 
metropolitan France – first results for 1,000 species, sub-species and varieties. 
<http://inpn.mnhn.fr/docs/LR_FCE/Dossier_presse_Liste_rouge_Flore_vasculaire_de_metropole_5_Nov_2012.
pdf>

IUCN France, MNHN, OPIE, SEF, 2012. Red List of threatened species in France – Chapter on rhopalocera in 
metropolitan France. 
<http://inpn.mnhn.fr/docs/LR_FCE/Dossier_presse_Liste_rouge_Rhopaloceres_metropole_Mars_2012.pdf>.

IUCN France, MNHN, LPO, SEOF, ONCFS, 2011. La Liste rouge des espèces menacées en France - Chapitre Oiseaux 
de France métropolitaine.. Paris, France. 28 p. 
<http://inpn.mnhn.fr/docs/LR_FCE/Liste_rouge_France_Oiseaux_de_metropole.pdf>

IUCN France, MNHN, SHF, 2009. Red List of threatened species in France – Chapter on reptiles and amphibians in 
metropolitan France. Paris, France. 8 p. 
<http://inpn.mnhn.fr/docs/LR_FCE/Liste_rouge_France_Reptiles_et_Amphibiens_de_metropole.pdf>

IUCN France, MNHN, SFEPM, ONCFS, 2009. Red List of threatened species in France – Chapter on mammals in 
metropolitan France. Paris, France. 12 p. 
<http://inpn.mnhn.fr/docs/LR_FCE/Liste_rouge_France_Mammiferes_de_metropole.pdf>

n Data sources and methodology

Author: Guillaume Gigot (MNHN-SPN)

http://spn.mnhn.fr/servicepatrimoinenaturel/
http://spn.mnhn.fr/servicepatrimoinenaturel/
http://www.uicn.fr/Liste-rouge-France.html
http://inpn.mnhn.fr/docs/LR_FCE/Dossier_presse_Liste_rouge_Crustaces_eau_douce_metropole_juin_2012.pdf
http://inpn.mnhn.fr/docs/LR_FCE/Dossier_presse_Liste_rouge_Crustaces_eau_douce_metropole_juin_2012.pdf
http://inpn.mnhn.fr/docs/LR_FCE/Dossier_presse_Liste_rouge_Flore_vasculaire_de_metropole_5_Nov_2012.pdf
http://inpn.mnhn.fr/docs/LR_FCE/Dossier_presse_Liste_rouge_Flore_vasculaire_de_metropole_5_Nov_2012.pdf
http://inpn.mnhn.fr/docs/LR_FCE/Dossier_presse_Liste_rouge_Rhopaloceres_metropole_Mars_2012.pdf
http://inpn.mnhn.fr/docs/LR_FCE/Liste_rouge_France_Oiseaux_de_metropole.pdf
http://inpn.mnhn.fr/docs/LR_FCE/Liste_rouge_France_Reptiles_et_Amphibiens_de_metropole.pdf
http://inpn.mnhn.fr/docs/LR_FCE/Liste_rouge_France_Mammiferes_de_metropole.pdf
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4.9. Forests and woodeed lands protected 
for the biodiversity

4.9.a. Surface areas of protected forests and wooded heathlands (MCPFE categories 1 and 2) for the biodiversity
BOX 5: Original definition of protection categories as per the process of Ministerial Conferences on the Protection of 

Forests in Europe (MCPFE)

Purpose of the indicator
Indicator 4.9.a breaks down the forest areas based on their protection status in the categories defined by 
the process of Ministerial Conferences on the Protection of Forests in Europe (MCPFE, 2003). In forests, this 
process sets out several protection categories, of which only the first two are adopted for this indicator:

- Category 1 covers areas with the biodiversity as the main protection objective and where the protection 
status relies on a total lack of human intervention (Category 1.1) or by human intervention limited 
to a minimum, namely control of game and pathogens, public access (Category 1.2), or by specific 
biodiversity management, conservation or restoration (Category 1.3);

- Category 2 groups forest areas with less aggressive protection status (Category 2) and targeting many 
protection functions for landscapes and natural elements, with restricted exploitation of forest resources.

The indicator is used to assess the actions by the public authorities to safeguard the biodiversity by 
protecting spaces.

Warning: It is tricky to classify protected areas based on MCPFE categories due to highly-contrasting actual 
situations in the field for a same national protection status and a same MCPFE category. This classification 
seeks first and foremost to comply with the MCPFE definitions (see Appendix 7) and has been proposed by the 
working group for Criterion 4 and arbitrated by the governing bodies (Ministry of Agriculuture and Ministry of 
Environment). The results table must be put into perspective for this indicator most especially by the accompanying 
analysis comments.

n Results 
 4.9.a. Surface areas of protected forests and wooded heathlands (MCPFE categories 1 and 2) for the 
biodiversity
Sources: 
Maaf (2002, 2005, 2010, 2013) for the protection forests for 2001, 2004, 2010 
and 2015
ONF (2000 and 2003) for the managed and strict biological reserves for 2001 
and 2004
MNHN (1997 to 2003) for the protection areas with geographical information 
layers for 2001 and 2004
INPN (2010 and 2015) for the protection areas with geographical information 
layers for 2010 and 2015
NFI, forest map (2001 and 2004) for overlapping with the MNHN geographical 
information layers
IGN, forest map (2010 and 2015) for overlapping with the INPN geographical 
information layers
RNF, survey 2012-2013, for the strict part of nature reserves in forests for 2015

Forest estates and time domains involved: 
2001 and 2004: All forests and poplar plantations of more than 4 ha
2010: Forêt® DB V1 and V2 depending on the departments, all forests and poplar 
plantations of more than 2.25 ha, mean year for photos 1999
2015: Forêt® DB V2 and “végétation express” depending on the departments, all 
forests and poplar plantations of more than 0.5 ha, mean year for photos 2008
Clarifications: 
Some surface areas with several protection status appear several times in the 
table: the multiple counting has not been eliminated, making it impossible to 
add the surface areas together.
The status of voluntary nature reserve no longer exists and the surface areas they 
covered are incorporated into regional nature reserves. 
Proportion of protected forests: 
2004: ratio of surface areas to the area mapped by the NFI in 2004, i.e. 16,023 
thousand hectares.
2010: ratio of surface areas to the Teruti 2010 surface area, i.e. 15,137 thousand 
hectares.
2015: ratio of surface areas to the area mapped by the NFI in 2015, i.e. 17,866 
thousand hectares.

2001
2004

2010
2015

M
CPFE 

protection 
categories*

Protected areas
Forests

Forests

O
ther 

W
ood-

eed 
lands**

Total

Proportion of 
protected forests 

(%)

Forests

O
ther 

W
ood-

eed 
lands **

Total

Proportion of 
protected forests 

(%)

Forests

O
ther 

W
ood-

eed 
lands **

Total

Proportion of 
protected forests 

(%)

Area (ha)
Area (ha)

Area (ha)
Area (ha)

1.2

Strict biological reserves
1,300

4,300
0

4,300
0.03

14,478
891

15,369
0.09

15,020
182

15,202
0.08

Strict parts of nature reserves
4,000

4,000
4,000

8,000
0.02

n.a.
n.a.

n.a.
n.a.

4,200
n.a.

4,200
0.02

National parks: core areas
94,600

94,600
125,600

220,200
0.60

122,119
153,985

276,104
0.70

106,312
39,454

145,766
0.60

1.3

National nature reserves 
(excluding strict parts of nature reserves in 2001 and 2004 
including strict parts of nature reserves in 2010)

57,500
53,200

25,200
78,400

0.30
63,746

34,974
98,720

0.40
77,198

8,688
85,886

0.43

Voluntary nature reserves 
(currently included in the regional nature reserves)

8,700
4,000

12,700
0.10

9,661
4,155

13,816
0.06

NA
NA

NA
NA

M
anaged biological reserves

17,400
22,100

n.a.
22,100

0.10
20,495

2,630
23,125

0.10
19,493

1,087
20,580

0.11

Corsican nature reserves
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

977
641

1,618
0.01

Regional nature reserves
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

18,195
4,442

22,637
0.10

Biotope protection prefectorial orders
62,300

55,200
11,500

66,700
0.30

81,793
13,660

95,453
0.50

90,351
8,100

98,451
0.51

Ecological protection forests 
(often alluvial)

6,200
6,200

0
6,200

0.04
6,201

0
6,201

0.04
6,880

0
6,880

0.04

National hunting and wildlife reserves
17,000

17,100
4,900

22,000
0.10

14,857
4,573

19,430
0.10

15,094
2,486

17,580
0.08

Special protection areas
n.a.

221,300
192,700

414,000
1.30

1,878,641
570,958

2,449,598
12.40

1,901,907
321,794

2,223,701
10.65

Special conservation areas
n.a.

n.a.
n.a.

n.a.
n.a.

2,182,627
777,254

2,959,882
14.40

2,231,668
383,799

2,615,467
12.49

Sensitive natural sites
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

Biosphere reserves, central area
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

89,651
4,200

93,851
0.50

Ram
sar sites

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
165,463

26,162
191,625

0.93

2

National parks: surrounding areas
403,800

403,800
287,500

691,300
2.50

540,997
299,818

840,815
3.20

396,070
96,563

492,633
2.22

Regional nature parks
2,547,400

2,724,400
378,500

3,102,900
17.00

3,306,957
520,303

3,827,260
19.50

3,986,231
343,430

4,329,661
22.31

Classified and registered sites
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

Biosphere reserves, buffer zone
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

386,207
52,020

438,227
2.16

* see Appendix 7    
** O

ther W
oodeed lands:      

n.a. : data not available
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2001
2004

2010
2015

M
CPFE 

protection 
categories*

Protected areas
Forests

Forests

O
ther 

W
ood-

eed 
lands**

Total

Proportion of 
protected forests 

(%)

Forests

O
ther 

W
ood-

eed 
lands **

Total

Proportion of 
protected forests 

(%)

Forests

O
ther 

W
ood-

eed 
lands **

Total

Proportion of 
protected forests 

(%)

Area (ha)
Area (ha)

Area (ha)
Area (ha)

1.2

Strict biological reserves
1,300

4,300
0

4,300
0.03

14,478
891

15,369
0.09

15,020
182

15,202
0.08

Strict parts of nature reserves
4,000

4,000
4,000

8,000
0.02

n.a.
n.a.

n.a.
n.a.

4,200
n.a.

4,200
0.02

National parks: core areas
94,600

94,600
125,600

220,200
0.60

122,119
153,985

276,104
0.70

106,312
39,454

145,766
0.60

1.3

National nature reserves 
(excluding strict parts of nature reserves in 2001 and 2004 
including strict parts of nature reserves in 2010)

57,500
53,200

25,200
78,400

0.30
63,746

34,974
98,720

0.40
77,198

8,688
85,886

0.43

Voluntary nature reserves 
(currently included in the regional nature reserves)

8,700
4,000

12,700
0.10

9,661
4,155

13,816
0.06

NA
NA

NA
NA

M
anaged biological reserves

17,400
22,100

n.a.
22,100

0.10
20,495

2,630
23,125

0.10
19,493

1,087
20,580

0.11

Corsican nature reserves
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

977
641

1,618
0.01

Regional nature reserves
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

18,195
4,442

22,637
0.10

Biotope protection prefectorial orders
62,300

55,200
11,500

66,700
0.30

81,793
13,660

95,453
0.50

90,351
8,100

98,451
0.51

Ecological protection forests 
(often alluvial)

6,200
6,200

0
6,200

0.04
6,201

0
6,201

0.04
6,880

0
6,880

0.04

National hunting and wildlife reserves
17,000

17,100
4,900

22,000
0.10

14,857
4,573

19,430
0.10

15,094
2,486

17,580
0.08

Special protection areas
n.a.

221,300
192,700

414,000
1.30

1,878,641
570,958

2,449,598
12.40

1,901,907
321,794

2,223,701
10.65

Special conservation areas
n.a.

n.a.
n.a.

n.a.
n.a.

2,182,627
777,254

2,959,882
14.40

2,231,668
383,799

2,615,467
12.49

Sensitive natural sites
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

Biosphere reserves, central area
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

89,651
4,200

93,851
0.50

Ram
sar sites

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
165,463

26,162
191,625

0.93

2

National parks: surrounding areas
403,800

403,800
287,500

691,300
2.50

540,997
299,818

840,815
3.20

396,070
96,563

492,633
2.22

Regional nature parks
2,547,400

2,724,400
378,500

3,102,900
17.00

3,306,957
520,303

3,827,260
19.50

3,986,231
343,430

4,329,661
22.31

Classified and registered sites
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

Biosphere reserves, buffer zone
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

n.a.
n.a.

386,207
52,020

438,227
2.16

* see Appendix 7    
** O

ther W
oodeed lands:      

n.a. : data not available
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In 2015, the forests in a protection area with the biodiversity as the main protection objective cover less than 1% of the 
forest area for MCPFE Category 1.2 (minimal intervention) and 26% (with some double counting) for MCPFE Category 1.3 
(active management for the biodiversity). Areas where the goal is to protect landscapes and natural elements (Category 
2) cover nearly a quarter of the national forest area. The data should be compared with the MCPFE definitions (see Box 5).

n Analysis

No surface area falls under Category 1.1. The surface 
areas involved by the perimeters of Category 1.2, which 
are fundamental for part of the forest biodiversity, are 
very small compared with the total forest area (less 
than 1%). The bulk of surface areas managed actively 
to conserve the biodiversity are in Category 1.3, which 
therefore plays a major role in the forest ecosystem 
conservation strategy (basically nature reserves, 
managed biological reserves, biotope orders, national 
hunting and wildlife reserves and Natura 2000 areas).

These protections are linked to (i) other measures 
for taking the biodiversity into account which are 
less restrictive but over wider areas, for example 
the measures taken to set up belts of old tree and 
senescent tree blocks; (ii) unlogged areas outside 
protected areas and with no long-term protection 
status: this mainly involves mountain areas where 
logging is unprofitable or which the owners do not 
wish to see logged.

Other forest areas governed by different zonings 
under Category 2 fall under the multi-functional 
management directed more towards preserving the 
landscape and natural elements than preserving the 
biodiversity (regional nature parks, national park 
surrounding areas, biosphere reserves, etc.). 

Methods have changed for surface area assessments 
(see data sources and methodology). It is nevertheless 
clear that the forest surface area in strict biological 
reserve (governed by the forestry regulations) has 
increased from 1,300 ha in 2001 to more than 15,000 ha 
in 2015. This is due partly to a policy of creating these 

reserves following the Grenelle de l’Environment in 
2007, but had been initiated well before for certain 
conservation areas (mainly strict biological reserves). 
In addition, all forest areas now belonging to Category 
1 tend to be stable and even increase due to the 
long-term status of these high protection categories. 
Category 2 is also increasing (mainly due to the policy 
of creating regional nature parks).

On the fringes of these classifications, note also that 
the protected area creation strategy (SCAP) aims to 
cover 2% of the country by focusing on both the cores 
of national parks, on strict and managed biological 
reserves, on all types of nature reserves and on biotope 
protection orders. These various protected areas are 
all regulated and long-term and come from a different 
– but not exclusive – logic of the MCPFE classification 
which is based more on management goals.

Note also that the Forest Code, by controlling forest 
clearance, has previously been, and still is, an effective 
form of protection for the forest space, even if the goal 
is broader than protecting the biodiversity.
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BOX 5: Original definition of protection categories as per the process of 
Ministerial Conferences on the Protection of Forests in Europe (MCPFE)

MCPFE Class 1.1: Main Management Objective Biodiversity “No Active Intervention”
 – The main management objective is biodiversity
 – No active, direct human intervention is taking place
 – Activities other than limited public access and non-destructive research not detrimental to the 

management objective are prevented in the protected area

MCPFE Class 1.2: Main Management Objective Biodiversity “Minimum Intervention”
 – The main management objective is biodiversity
 – Human intervention is limited to a minimum
 – Activities other than listed below are prevented in the protected area:
•	 Ungulate/game control
•	 Control of diseases/insect outbreaks
•	 Public access

MCPFE Class 1.3: Main Management Objective Biodiversity “Conservation Through Active 
Management”

 – The main management objective is biodiversity
 – A management with active interventions directed to achieve the specific conservation goal of the 

protected area is taking place
 – Any resource extraction, harvesting, silvicultural measures detrimental to the management objective as 

well as other activities negatively affecting the conservation goal are prevented in the protected area

MCPFE Class 2: Main Management Objective “Protection of Landscapes and Specific Natural 
Elements”

 – Interventions are clearly directed to achieve the management goals landscape diversity, cultural, 
aesthetic, spiritual and historical values, recreation, specific natural elements

 – The use of forest resources is restricted
 – A clear long-term commitment and an explicit designation as specific protection regime defining a 

limited area is existing
 – Activities negatively affecting characteristics of landscapes or/and specific natural elements mentioned 

are prevented in the protected area

MCPFE Class 3: Main Management Objective “Protective Functions”
 – The management is clearly directed to protect soil and its properties or water quality and quantity or 

other forest ecosystem functions, or to protect infrastructure and managed natural resources against 
natural hazards

 – Forests and other wooded lands are explicitly designated to fulfill protective functions in management 
plans or other legally authorized equivalents

 – Any operation negatively affecting soil or water or the ability to protect other ecosystem functions, 
or the ability to protect infrastructure and managed natural resources against natural hazards is 
prevented

Source: MCPFE, 2003.



Biological diversity of forests

226

Criterion 4 

Authors: Vincent Bousquet (IGN), Jean-Pierre Cabaret (Medde), Jimmy Annet, Étienne Chapelant and Elisabeth Van De Maele (Maaf)

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

National Inventory of the Natural Heritage (INPN/MNHN) – <https://inpn.mnhn.fr>

  Methodology 

The surface areas of forests and other wooded lands of protected areas area calculated, with some exceptions, 
by cross referencing the IGN forest mapping database with the environmental areas found on the website of the 
National Inventory of the Natural Heritage. All sources used are quoted under the results table. The double counting 
between different protection status in a same space are not corrected.

Methodological changes
It was decided to change classes compared with the previous editions to comply with the MCPFE definitions:

 – In metropolitan France, the strict biological reserves or strict parts of certain nature reserves cannot be 
treated globally as Category 1.1. Although the rule is no forest logging, their management includes almost 
systematically one or more of the following principles: control of ungulates in the absence of natural 
predators, public access with secure routes and selective elimination of exotic species;

 – Several environmental zonings have been added to 1.3 in 2015 (mainly SPA and SAC) which have increased 
the forest area of Category 1.3 considerably. These zonings (SPA and SAC) share the goal of conserving the 
biodiversity through contracts with the owner(s). However, the application of these measures can vary 
hugely from one area to the next and from one owner to another. This heterogeneity also involves several 
other zonings classed in 1.3 (sensitive natural spaces, biosphere reserves, etc.);

 – Conversely, the central areas of national parks have been kept in 1.2 although the actual situation in the field 
varies hugely and certain national parks permit pastoralism or logging in the central area.

Thus, in this edition, the list of protected areas classed in each MCPFE category has been altered and the surface 
areas without double counting per MCPFE category have not been calculated as they would not have been 
comparable to those published in past. Only the surface areas (of forest and wooded heathland) for each type of 
protected area are given.

In addition, the method of assessing forest and heathland areas has changed at each assessment since 2004, 
which makes comparisons tricky. In particular: 

 – The definition of “heathlands and other wooded lands” has been fine-tuned between 2010 and 2015, 
resulting in a sharp drop in these surface areas in several areas, mainly the national parks; 

 – BD Forêt® version 2 now incorporates units with a surface area of at least 0.5 ha (against 2.25 ha previously), 
which tends to increase the forest area by including thickets, but decrease it by excluding small holes, which 
do not exactly offset each other; 

 – Lastly, the zoning perimeters have been specified, causing not insignificant edge effects. 

n Data sources and methodology

http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr
http://inventaire-forestier.ign.fr
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